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Abstract 

 

Chronic liver disease, and its advanced state – liver cirrhosis causes significant cirrhosis 

complications and mortality globally. However, the epidemiology and aetiology of liver cirrhosis 

are not well defined and the liver disease burden in NZ is unknown. In the era of obesity 

epidemic and increasing prevalence of diabetes mellitus (DM), it is unknown if the risk of 

cirrhosis and hepatocellular carcinoma (HCC) among hepatitis B (HBV) patients with metabolic 

syndrome (MetS) is related through delayed HBeAg seroclearance. In addition, the data on 

whether pre-existing DM prior to the onset of cirrhosis diagnosis will increase the risk of 

morbidity and mortality is lacking. Finally, there is insufficient data to support the use of statin 

for its anti-tumour effect in the HBV patients with a high risk of developing HCC. This thesis 

examines these unanswered questions and found that: 

 

 The study of the epidemiology of liver cirrhosis in South Auckland, NZ showed that the age- 

and ethnicity-adjusted incidence rate ratio (IRR) of nonalcoholic fatty liver disease (NAFLD) 

and alcoholic liver disease (ALD) cirrhosis were rising.  Furthermore, the IRR of HCC 

incidence, liver- and HCC-related mortality have increased in the last 12 years. Some 

predictors associated with liver-related mortality were older age, male gender, high MELD 

score, low albumin and low platelet count. Certain ethnic groups such as Maori and Pacific 

people were also at much higher risk of HCC-related mortality possibly related to obesity. 

 

 The presence of MetS may delay HBeAg seroclearance in Chinese HBV patients, providing 

a plausible mechanism of which MetS could increase the risk of HCC and cirrhosis by 

affecting the virological response of the host. Neither the presence of NASH nor hepatic 

steatosis influenced the HBV HBeAg seroclearance. Type 2 DM at baseline was a predictor 

of delayed HBeAg seroclearance after adjusted for viral, host and metabolic factors.  
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 The presence of DM prior to the onset of liver cirrhosis was also associated with a two-fold 

risk in the development of HCC, cirrhosis complications, liver-related mortality or OLT and 

overall mortality or OLT. In addition, those with poor DM control at cirrhosis diagnosis had 

a two-fold increased risk of liver-related complications, almost four-fold increased risk in 

HCC development and a two-fold increased risk of death or OLT in multivariate analysis.  

 

 Statin use could reduce HCC risk during follow-up by 32% (if statin was started in HBV 

patients who were alive and event-free for two years) using landmark analysis, propensity 

score weighting and data imputations to adjust for confounders and missing data. There was 

a synergistic 59% effect on HCC risk reduction among those who used NA and statin 

concurrently, compared to NA users alone.  

 

This thesis provided important findings on liver cirrhosis epidemiology and disease burden in 

South Auckland, NZ. Further analysis also showed that MetS and DM could potentially affect 

specific HBV outcomes such as virological response, and cirrhosis outcomes, respectively. 

Finally, statin use in chronic HBV infection, particularly with the concurrent use of antiviral 

therapy, suggested its importance in HCC risk reduction. 
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Chapter 1 Introduction 

 

 

 

 

 

 

 

General Introduction 

 

 

 

 

 

 

 



  2 

1.1 Chronic Liver Disease  

Chronic liver disease is a chronic condition of the liver parenchyma involving longstanding 

inflammatory process caused by various aetiologies. It is a spectrum of disease ranging from mild 

degree of inflammation and injuries with acute and chronic inflammatory cells, termed ‘hepatitis’ 

to the most severe degree of chronic liver disease with advanced liver fibrosis - ‘liver cirrhosis’ or 

‘cirrhosis’ for short. Cirrhosis is a state of severe fibrosis of the liver with a resultant distortion and 

changes in the underlying portal vasculature and resistance.
1-3

 This increase in resistance of portal 

blood flow (termed ‘portal hypertension’) leads to deterioration of liver function (decompensation) 

leading to several cirrhosis complications including liver failure and increases the risk of death in 

individuals with cirrhosis.
3
  

 

In Chapter 1.1, the following will be discussed: the pathophysiology and aetiology of liver fibrosis, 

cirrhosis, and a brief discussion on the cirrhosis complications. The management of cirrhosis 

complications will not be extensively discussed, particularly the complex and multimodality nature 

of liver cancer treatment. Then the prognostic scoring for cirrhosis will be discussed. Finally, the 

focus will be shifted onto the significant disease burden of chronic liver disease in Asia-Pacific 

region, particularly in New Zealand.  

 

1.1.1 Pathophysiology of Chronic Liver Disease 

Liver fibrosis 

Liver is an important organ for maintenance and control of metabolic homeostasis including 

synthesis, metabolism of proteins, lipids, clotting factors, and glycogen. Chronic injury to the liver 

parenchyma from causes such as alcohol, drugs, autoimmune response or viral infection would 
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result in activation of hepatic stellate cells (HSCs)
1, 4

 turning HSCs into myofibroblast-like cells 

secreting collagen and forming scar tissues. Figure 1.1 illustrates the different stages of liver 

fibrosis in relationship to the portal tracts with 1.1d showing advanced liver fibrosis (cirrhosis). 

 

Hepatic stellate cells are normally in its quiescent form found in the liver peri-sinusoidal space. 

When persistent hepatic insults or injuries occur, activation of HSCs releases transforming growth 

factor beta one (TGF-β1), a major fibrogenic cytokine in the formation of liver fibrosis (Figure 

1.2).
5, 6

 When the fibrous tissues are laid down and replaces the normal parenchyma, it causes the 

distortion of liver sinusoidal architecture, and underlying vasculature, and results in elevated 

intrahepatic vascular pressure and portal pressure.
7-9

 Autocrine signaling via platelet-derived growth 

factor (PDGF) and vascular endothelial growth factor (VEGF) promotes further HSCs 

proliferation.
1, 10

 

 

Increased intestinal permeability in Advanced Liver Disease 

Recent evidence suggests that there is an element of „leaky gut‟ or disrupted intestinal barrier 

function in patients with chronic liver disease and particularly in advanced cirrhosis,
11-13

 where 

passage of bacteria and bacterial products (endotoxins such as lipopolysaccharide, bacterial DNA) 

across the intestinal barrier causing systemic endotoxaemia
13

 and mediates inflammatory process 

via toll-like receptor (TLR) ligand binding.
14

 TLR4 was found to bind with LPS, which in turn 

enhances TGF-β1 expression, a major fibrogenic cytokine. Futhermore, other inflammatory stimuli 

such as tumour necrosis factor alpha (TNF-α) are also increased via inflammatory signalling – see 

Figure 1.2. Shah and colleagues showed that in cirrhotic rat models, norfloxacin treatment as a 

mean of bowel decontamination reduced the degree of endotoxaemia, TLR4 expression and TNF-α 

expression.
15

 In advanced cirrhosis, the damaged intestinal barrier function increases bacterial 

translocation which further exacerbates the additional inflammatory responses leading to 
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decompensation, liver failure and cirrhosis complications, particularly the infective 

complications.
11, 12
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Figure 1.1: Stages of liver fibrosis in chronic hepatitis 

 

The stages of disease with (a) portal tract scarring, (b) bands of fibrous tissues extending from portal tracts 

and focally linking them, (c) increasing fibrotic bands with regenerating nodules completely bounded by 

scar, and (d) fully established cirrhosis.
8
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Figure 1.2 Pathways of hepatic cell activation during hepatic injury 

 

 

Hepatic stellate cell activation is caused by stimuli such as oxidative stress and lipopolysaccharide (LPS) 

from hepatic injury. Further perpetuation process involves proliferation, fibrogenesis, contractility and 

inflammatory signaling.
7
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Portal hypertension and splanchnic vasodilatation 

In cirrhosis, the formation of regenerative nodules and excessive fibrotic bands induces the 

architectural distortion to the sinusoids and vascular architecture. There is also an imbalance of the 

vasoconstrictor and vasodilator expression levels within the sinusoids with an increased endothelin-

1 (ET-1), a vasoconstrictor and decreased nitric oxide (NO), a vasodilator.  

 

The presence of endotoxaemia, as result of increased intestinal permeability will further mediate the 

ET-1 expression with subsequent increase in vascular pressure within the sinusoids.
16

 With the 

degree of sinusoidal endothelial dysfunction as in Figure 1.2, HSC activation induces contractility 

of endothelial cells by reducing the level of endothelial form of nitric oxide, which is usually 

produced by endothelial nitric oxide synthase (eNOS).  

 

Studies have suggested three different mechanisms for the reduced NO bioavailability; first, the 

abnormal Akt protein kinase B signaling leading to a decrease in eNOS phosphorylation.
17, 18

 

Second, there is an increased expression of eNOS inhibitory protein – caveolin.
19, 20

 Finally, there is 

increased NO degradation.
21

 The resultant effect is an increased intrahepatic vascular resistance 

leading to elevated portal venous pressure (portal hypertension).
3, 19

 The elevated portal venous 

pressure will cause the formation of portal-systemic vasculature collaterals which shunt blood away 

from the liver into the systemic circulation. Figure 1.3 illustrates the mechanism of cirrhosis leading 

to portal hypertension and further progression to splanchnic vasodilatation and hyperdynamic 

circulation, resulting in worsening portal hypertension and the development of cirrhosis 

complications. Such degree of severe portal hypertension with clinical manifestations of 

complications is termed clinically significant portal hypertension (CSPH). Clinically significant 

portal hypertension is defined by a hepatic venous pressure gradient (HVPG) ≥10 mmHg,
22

 where 
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HVPG is the best surrogate of portal pressure in cirrhosis. The HVPG is defined as the difference 

between wedged hepatic venous pressure and the free hepatic venous pressure; where the pressures 

are measured via a balloon-tipped catheter.
23

 The complications of cirrhosis results from CSPH will 

be discussed in the following section. 

 

1.1.2 The Aetiology and Complications of Cirrhosis 

Differences in the aetiology of chronic liver disease within Asia-Pacific region  

The Asia-Pacific region has about 4.2 billion people; therefore it is important to examine the 

aetiology of chronic liver disease and the burden of cirrhosis within this region.  

 

Over the last ten years, nonalcoholic liver disease (NAFLD) or nonalcoholic steatohepatitis 

(NASH) has become an important cause of cirrhosis, because of changes in lifestyle habits and the 

obesity epidemic.
24

 Recent reports suggest that the prevalence of NASH in Asia is rising, and is 

now as common as in the Western population.
25-27

  Comparatively, chronic liver disease due to 

chronic hepatitis B (HBV) infection is not common in the USA. Chronic HBV infection however, 

has always represented a major cause of liver morbidity and mortality in East and Southeast Asia, 

where it is acquired perinatally or in childhood.
28-30

 A total of 350 million people live with chronic 

HBV infection, of whom almost 25% will die from a liver related complication – liver failure or 

liver cancer. Almost 1 million people develop HBV-related HCC each year, making this the second 

most important carcinogen behind tobacco. HBV-related HCC is the leading cause of cancer-related 

mortality in Asian men.
30, 31

 In East Asia, the prevalence of HCV infection is rare.
32, 33
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New Zealand (NZ) is a country of 4.5 million people made up of different ethnic groups; about 67% 

European, 15% Maori, 9% Asian, 7% Pacific peoples and other minorities (2%).
34

 In this multi-

ethnic community located in the South Pacific region, the prevalence of causes of cirrhosis may be 

extrapolated in previous studies on seroprevalence rate of viral hepatitis. Robinson and colleagues 

showed in a large-scale national screening program that positive hepatitis B surface antigen 

(HBsAg) was found in 5.7% of the tested population in a large community based screening program 

in NZ.
35

 In this study, 5.6% of Maori, 7.3% of Pacific people, and 6.2% of Asians were positive for 

HBsAg. On the other hand, the seroprevalence rate for HBV infection was only 1% among the NZ 

Europeans. Two decades ago, Weir et al. showed using NZ hospital records and coroner‟s reports, 

that HBV by positive serology was a major contributor to liver-related deaths with significant ethnic 

disparity; highest in Pacific people and Maori at 68% and 54%, respectively.
36

 However, such 

registry linking data may have overestimated the disease burden or prevalence of chronic liver 

disease and cirrhosis. “Reporting bias” was likely where those found to have positive viral hepatitis 

serology had their liver-related mortality attributed to the viral hepatitis. Therefore, the 

epidemiology of cirrhosis due to HBV remains unknown. 

 

The true seroprevalence of chronic HCV infection in NZ is currently unknown. In a previous study 

performed in Australia, the seroprevalence of HCV infection has been estimated to be around 2-5% 

based on positive HCV antibody.
37

 Unfortunately, there is no data exists on the prevalence of 

NASH in the South Pacific. It could only be extrapolated from epidemiological data that the 

prevalence of NASH is rising in NZ, given that NZ ranked 3
rd

 in OECD countries with the highest 

prevalence of obesity just behind USA and Mexico.
38

 Furthermore, 20% of children (2-14 years) 

were overweight or obese in a recent national health survey.
39

  In addition, alcohol may be a 

common cause of cirrhosis in NZ given alcohol intake is associated with cirrhosis mortality and 

significant public health costs.
40, 41
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Although the existing data in NZ on the prevalence of chronic viral hepatitis infection (HBV and 

HCV) may indirectly reflect the aetiology of cirrhosis, there is currently no epidemiological data on 

the aetiology of cirrhosis in NZ. Furthermore, there is a knowledge gap in the prevalence of NASH-

related cirrhosis as well as alcohol-related cirrhosis. 

 

Portal hypertensive complications of cirrhosis and prognosis 

When CSPH occurs, the hepatic venous pressure gradient (HVPG) will exceed the threshold of 10-

12 mmHg.
42

 The portal-systemic collaterals mentioned above usually manifest clinically as gastro-

oesophageal varices, and portal hypertensive gastropathy. As the portal pressure increases from 

the ongoing splanchnic vasodilation, the degree of blood shunt through the collaterals worsens to an 

extent that these varices may rupture and bleed. The risk of such life-threatening event is about 5% 

to 25% per year, depending on the severity of cirrhosis and underlying portal hypertension.
43, 44

 

Oesophageal varices usually develop at a rate of 8% per annum.
44, 45

 When oesophageal variceal 

haemorrhage occurs, there is a high risk for early rebleeding and death, with the risk of death about 

20% at 6 weeks.
46, 47

 Nonselective beta-blockers are used as primary prophylaxis to reduce the risk 

of oesophageal haemorrhage. One meta-analysis showed that the use of beta-blockers is associated 

with 16% absolute risk reduction in first variceal bleeding compared to placebo.
48

 Alternate 

prophylaxis to beta-blockers is endoscopic variceal ligation (EVL), which is done via gastroscopy 

with variceal banders. EVL has been shown in two randomized controlled trials to be as effective as 

beta-blockers.
49, 50

 

 

Splanchnic vasodilation in the early phase of cirrhosis (Figure 1.3) will reduce the effective 

systemic blood volume leading to the activation of renin-aldosterone system causing fluid retention 
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via renal tubular reabsorption of sodium. This fluid retention response leads to fluid retention in the 

intraperitoneal space called ascites, and the ascites accumulation further reduce the effective 

systemic blood volume.
51-53

 Ascites development is associated with impaired quality of life and 

increased mortality rate with mortality about 40% at 12months and 50% at two years.
54

 In the state 

of hyperaldosteronism, spironolactone, an aldosterone antagonist should be used as first-line to treat 

ascites.
55

 Addition of frusemide, a loop diuretic, may be considered if the patient has recurrent 

ascites despite the use of spironolactone.
56

 



  12 

Figure 1.3: Pathophysiology of portal hypertension leading to splanchnic vasodilatation 

 

 

Cirrhosis from functional alterations and architectural disturbances results in increased intrahepatic 

vascular resistance ® and subsequent portal hypertension. The vasodilatation in the splanchnic circulation 

in response to portal hypertension will increase splanchnic blood flow (F) which further exacerbates the 

underlying portal hypertension. Eventually complications from portal hypertension will occur. AII: 

angiotensin II; AEA: anandamide; AM: adrenomedullin; CGRP: calcitonine gene related peptide; CO: 

carbon monoxide; ET: endothelin; H2S: hydrogen sulfide; LT: leukotrienes; NE: norepinephrine; NO: nitric 

oxide; PGI2: prostacyclin; SP: substance P; TXA2: thromboxane A2.
3
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Spontaneous bacterial peritonitis (SBP) is bacterial infection of the ascitic fluid in patients with 

decompensated cirrhosis and ascites.
57

 It occurs largely due to the underlying increased intestinal 

permeability and bacterial translocation as discussed in the Chapter 1.1.1.
58, 59

 This condition carries 

significant morbidity and mortality; including risk of cirrhosis decompensation, hepatorenal 

syndrome, hepatic encephalopathy and death.
58, 60-62

  Two studies showed that the cumulative 

survival of patients with SBP was poor; about 30-32% at six months.
63, 64

 Fluoroquinolones such as 

ciprofloxacin, third generation cephalosporins or trimethoprim-sulfamethoxazole can be used for 

primary prophylaxis in patients with advanced liver cirrhosis or empiric treatment of SBP.
59, 65-67

  

 

Hepatorenal syndrome (HRS) is the development of significant renal impairment (serum 

creatinine >225 μmol/L) related to cirrhosis decompensation in the absence of nephrotoxic drugs, 

shock, proteinuria and urinary tract obstruction.
68

 The main pathophysiology of HRS is 

vasoconstriction of renal arterioles, however the pathogenesis is not well understood.
68, 69

 It is 

believed that reduced cardiac output, secondary to splanchnic vasodilatation and decreased systemic 

vascular resistance, also contributes to the poor renal perfusion.
70

 Sepsis from SBP, for example, 

also contributes to reduced cardiac output leading to activation of the renin-angiotension-

aldosterone system and sympathetic nervous stimulation (in late stage of cirrhosis) leading to renal 

vasoconstriction (Figure 1.4).
3, 71

 There are two types of HRS; type I characterized by rapid 

progressive renal failure occurring within two weeks with a doubling of serum creatinine. It is often 

precipitated by variceal bleeding, SBP. The survival of type I HRS is generally poor, about two to 

four weeks if untreated.
72, 73

 Type II HRS manifests as gradual and steady decline in renal function, 

often associated with ascites or no obvious precipitating factors. Patients with type II HRS have a 

median survival of six months.
52

 On the whole, the median survival of patients with HRS is only 

three months in general.
53
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Figure 1.4: Pathogenesis of hepatorenal syndrome 

 

 

AVP, arginine vasopressin; LVP, large-volume paracentesis; RAAS, renin–angiotensin–aldosterone system; 

SBP, spontaneous bacterial peritonitis; SNS, sympathetic nervous system.
71
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Hepatic encephalopathy (HE) is a syndrome manifested by neurological disturbance in liver 

failure, resulted from ammonia toxicity to the astrocytes and brain.
74

 In decompensated liver 

cirrhosis, there is a failure to metabolize ammonia effectively and the presence of portosystemic 

shunting which causes increased levels of ammonia in the brain resulting in cerebral oedema and 

astrocyte toxicity. Hepatic encephalopathy can be precipitated by infection (most common), 

gastrointestinal bleeding, constipation, dehydration, sedatives, narcotic analgesics and abnormal 

electrolytes.
75

 Urease-producing bacteria have been associated with increased ammonia and LPS 

production – increasing the risk of HE.
76, 77

 Therefore, the treatment of HE is centred largely on the 

modulation of intestinal ammonia or the gut flora. Lactulose is a nonabsorbable disaccharide which 

is commonly used as first-line to treat HE by lowering the pH of the stool to convert ammonia to 

ammonium,
78

 and reducing the urease-producing bacteria in the gut.
79

 Lactulose has also been 

shown to minimize but does not completely prevent the recurrence of HE.
80, 81

 Alternatively, 

nonabsorbable antibiotics such as Rifaximin, are effective by altering the gut flora.
82

 Several studies 

have shown Rifaximin was effective in treating or preventing HE recurrence when added to 

lactulose therapy.
83-85

 

 

Hepatic encephalopathy is a continuum of neuropsychiatric manifestation - from grade 0 of minimal 

HE to grade 4 of hepatic coma (Table 1. 1).
86

 The survival of patients with HE is generally poor, at 

42% and 23% at 1- and 3-year, respectively in one study.
87

 One study showed that the grade of HE 

at time of index cirrhosis decompensation also influences the survival; in patients with grade 1 HE, 

the survival was less than 80% at one year, and for patients with grade 2/3 HE, the survival was 

about 30-40% at one year.
88
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 Table 1.1: Grades and clinical features of hepatic encephalopathy 

Grade 0 

Minimal hepatic encephalopathy. Minimal change in memory, 

concentration, intellectual function, and coordination. Asterixis is 

absent. 

Grade 1 

Mild lack of awareness, mild confusion and shortened attention span. 

Slow to perform mental tasks. Hypersomnia, insomnia or inversion of 

sleep pattern. Asterixis can be detected. 

Grade 2 

Lethargy or apathy. Disorientation. Inappropriate behaviour. Slurred 

speech. Drowsiness, lethargy, gross deficits in ability to perform 

mental tasks, obvious personality changes, and inappropriate 

behaviour. Frank asterixis. 

Grade 3 
Somnolence. Inability to perform mental tasks. Disorientated to time 

and place. Marked confusion. Frank asterixis. 

Grade 4 Coma with or without response to painful stimuli. Absent asterixis 
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Hepatocellular Carcinoma 

Hepatocellular carcinoma (HCC), primary liver cancer, is a major complication of chronic liver 

disease with HBV being the most important aetiology for HCC worldwide.
31, 89, 90

 In the Asia-

Pacific region, where 60% of the world population resides, HBV infection is the predominant cause 

of HCC and cirrhosis.
28, 90, 91

 Secondly, HCC can occur among HBV carriers with non-cirrhotic 

livers; even inactive HBV carriers have slightly increased risk of HCC compared to the controls.
92

  

Chronic HBV infection is a direct carcinogen. The HBV infection causes an insertional activation 

of cellular cancer-related genes by the HBV viral integration into human genome or by protein X 

derived from the X region of HBV genome.
93

 This explains the development of HCC in chronic 

HBV carriers even without cirrhosis. Therefore, HBV patients have much higher risk of HCC 

compared to other aetiologies of chronic liver disease.
28, 91

  

 

HCC is the fifth most common cancer worldwide and the third most common cause of cancer 

death.
94-96

 In general, 80-90% of HCCs occur in patients with cirrhosis except for those with 

chronic HBV infection, as discussed above.
97

 The annual risk of HCC among patients with liver 

cirrhosis is around 2-5%, depending on the age, gender, severity and aetiology of cirrhosis, 

concurrent risk factors.
98, 99

 Several risk factors have been found to be associated with HCC (Table 

1. 2). Furthermore, sometimes additive effect occurs when more than one risk factors of HCC are 

present in an individual.
100-103

 For example, comparing to a person with no risk factor for HCC, two 

risk factors of chronic HBV and type 2 diabetes mellitus (DM) and three risk factors of chronic 

HCV, cirrhosis and DM would increase the risk of HCC by ~4.5-fold and ~72-fold, respectively.
104

 

 

There are several reasons why HCC has high mortality rate. First, HCC is usually hard to diagnose 

and when diagnosed, in late stages. Patients are often asymptomatic until the advanced stage of 

HCC. Advanced HCC has poor survival; the 5-year survival rate is about 5-10%.
105, 106

 Its early 
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diagnosis therefore requires early detection by surveillance.  It is recommended to perform six 

monthly surveillance scans and AFP, which ensure the „early‟ detection of HCC tumours.
107

 The 

AASLD guideline recommended surveillance for those with HCC risk of > 0.2% per annum; the 

HBV carriers who are Asian male age >40 years or Asian female age > 50 years, with family 

history of HCC or African ethnicity, and anyone with cirrhosis of any aetiology.
108

 

Unfortunately, HCC surveillance rates remain low in the at-risk population due to several reasons as 

one study had demonstrated; failure of clinicians to recognize the state of cirrhosis, failure of 

clinicians to order six-monthly surveillance US scans and/or AFP, and failure of patient to complete 

surveillance scans.
109

 As a consequence of the letdowns in surveillance, some HCC cases can 

present in advanced stage with limited treatment options. One cohort study in the USA showed that 

only about a third of cirrhosis patients received routine 6-monthly surveillance, and only about 50% 

of these patients received both AFP and US surveillance.
110

 In addition, HCC surveillance rates 

were also lowest in rural areas and lower income patients in this study. 

 

Serum tumour marker like AFP is poor at detecting HCC, with sensitivity of 39-65% and specificity 

of 76-94%, and therefore not recommended to be used alone.
111

 In the USA where the aetiologies of 

cirrhosis are often mixed in the population, surveillance using only US scans without AFP every six 

months has been recommended, due to a lower incidence of HCC. A combined six-monthly AFP 

testing and US abdomen was not found to be cost-effective.
111, 112

 However in Asia, where chronic 

HBV infection is the predominant cause of HCC and cirrhosis, biannual US and AFP have been 

found to be cost-effective
107

 and significantly reduces mortality.
113

  

 

The survival of patients with HCC depends on the size of the tumour and the suitability of the 

patients to receive treatment (dependent on the patient‟s age, comorbidity, functional status and 
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severity of liver disease). In general, a HCC staging system was developed by the Barcelona 

Clinic
114

 and now endorsed by the American Association for the Study of Liver Diseases (AASLD) 

and European Association for the Study of the Liver (EASL), to determine prognosis and the HCC 

treatment. The Barcelona Clinic Liver Cancer (BCLC) staging system (Figure 1.5) has been now 

widely accepted and used in trials to stage HCC.
108

 BCLC staging system includes assessment of 

cirrhosis severity, size of HCC, and the performance status of the patient. The assessment of 

severity of cirrhosis will be discussed in the next section. In general, patients with BCLC stage 0 

and A HCC will expect to receive treatment of curative intent with 5-year survival of 40-70%,
115-117

 

and BCLC stage B and C patients have overall survival of 20 and 11 months, respectively.
118-120

 

Finally, stage D patients have median survival of 3-10 months.
120, 121

  

 



  20 

Table 1.2: Risk factors for hepatocellular carcinoma 

Risk factors Reference 

Chronic HBV infection 
89, 122

 

Chronic HCV infection 
123, 124

 

Cirrhosis 
98, 102

 

Type 2 diabetes mellitus (DM)  
102, 125-127

 

Smoking 
101, 128

 

Family history of HCC 
129-131

 

Aflatoxin B1 exposure 
132, 133
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Figure 1.5: The Barcelona Clinic Liver Cancer staging system for HCC 

 

 

In the Barcelona Clinic Liver Cancer (BCLC) staging system, HCC patients are classified according to their 

performance status (PS), Child-Pugh (CP) status and size of the HCC. RFA – radiofrequency ablation; 

TACE – transarterial chemoembolization.
134
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1.1.3 Prognostic Predictors in Cirrhosis 

In the previous section, the causes and complications of cirrhosis were discussed. The development 

of these cirrhosis complications increases one‟s risk of death, compared to those without the 

complications. There are two major clinical prognostic scores used in clinical practice currently to 

determine the outcomes or prognosis in cirrhosis patients; Child-Turchotte-Pugh (CTP) score and 

Model for End-stage Liver Disease (MELD) score. 

 

Child- Turchotte-Pugh Score 

The CTP score or class (briefly mentioned under the HCC section) is often used to determine the 

severity of cirrhosis. It was originally developed as a prognostic tool to determine outcomes post-

portocaval shunt surgery for portal hypertension, and later modified to assess prognosis in cirrhosis 

patients using three biochemical and two clinical parameters (Table 1. 3).
135

 The score is divided 

into three classes which is often used clinically to predict severity and prognosis of cirrhosis 

patients from good (class A), moderate (class B), to poor (class C) survival.  
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Table 1.3: The Child-Pugh score 

 

 

 

Parameter 1 2 3 

Ascites None Minimal Moderate to Severe 

Hepatic 

Encephalopathy 
None 

Mild or treated 

(grade I or II) 

Refractory 

(grade III or IV) 

Total bilirubin 

(μmol/L) 
<34 34-51 >51 

Albumin (g/L) >35 28-35 <28 

INR <1.7 1.7-2.2 >2.2 

Child-Pugh class A: score 5-6 

Child-Pugh class B: score 7-9 

Child-Pugh class C: score 10-15 
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The CTP score has been shown to predict prognosis in cirrhosis patients with alcoholic cirrhosis,
136

 

ascites,
137

 HCV cirrhosis,
138

 HCV patients who failed treatment,
139

 decompensated cirrhosis.
140

 

However, the most important deficiency of the CTP score is that it includes two subjective 

parameters – clinical assessment of ascites and HE, thereby permitting significant interobserver 

variability. In addition, the remaining three parameters are categorical rather than continuous data, 

thereby reducing predictive power is reduced at the lower end and higher end of the CTP scores.
141

 

The CTP score parameters do not differentiate those with total bilirubin of 16 and 33 μmol/L nor 

serum albumin of 41 and 36 g/L, at the mild severity of cirrhosis („floor‟ effect). Furthermore, in 

those with severely decompensated cirrhosis, the CTP score parameters do not separate those with 

albumin of 20 and 27, nor prolonged prothrombin time of 7 and 12 seconds („ceiling‟ effect). Some 

have suggested a modified version of CTP score improves prognostic prediction in cirrhosis 

patients by removing the two forementioned effects,
141

 others have identified renal function as 

being a more important parameter particularly in decompensated liver cirrhosis which should be 

included in a prognosis prediction model.
142

 

 

The Model for End-stage Liver Disease 

The Model for End-stage Liver Disease (MELD) score was first developed to predict 90-day 

mortality in those who had transjugular intrahepatic portosystemic shunt (TIPS).
143

 It is now 

primarily used in prioritizing patients for liver transplantation, widely adopted since 2002 by organ 

procurement organisations for deceased donor liver allocation.
144

 In addition, it has been validated 

in studies to predict survival in patients with in cirrhosis of various aetiology,
145, 146

 and has been 

shown to be superior to CTP score and other prognostic scores in predicting survival in patients 

with variceal bleeding,
147

 fulminant hepatic failure,
148

 renal impairment,
149

 and acute alcoholic 

hepatitis.
150, 151

 Furthermore, MELD score has been used to estimate perioperative survival for 

patients with cirrhosis of any aetiology, who are undergoing major surgical procedures.
152

 Another 

advantage of MELD score is that this is a mathematically derived predictive model based on three 
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biochemical parameters measured as continuous variables, abolishing the subjectiveness in 

assessing the presence of ascites and HE in the CTP score.
153

  

 

The MELD score however is a complex formula involving three laboratory variables;  

MELD = 10 * ((0.957 * ln(Creatinine)) + (0.378 * ln(Bilirubin)) + (1.12 * ln(INR))) + 6.43.
144

  

 

Both CTP and MELD scores have their respective advantages and limitations; CTP score is simple 

to use but is hindered by the subjective assessment of HE and ascites, and the „ceiling‟ effect. The 

MELD score on the other hand is derived through mathematical modeling and has been validated in 

many conditions except that this score is difficult to obtain without an online calculator or at the 

bedside. These cirrhosis prognostic scores have their use in predicting patients‟ outcomes. They are 

not only complimentary but provide important information on patients‟ prognosis and survival.
154

  

 

1.1.4 The Disease Burden of Chronic Liver Disease in Asia Pacific Region 

A Brief View from Asia’s Perspective 

Of the world‟s 350 million people infected with HBV infection, more than three quarters of this 

population reside in the Asia-Pacific region,
28, 155, 156

 In the Global Burden of Disease (GBD) Study 

from 2010,
157, 158

 chronic liver disease and viral hepatitis, especially HBV infection emerged as 

important public health issues which bring about significant mortality and disability-adjusted life 

years (DALYs) lost.
159, 160

 As mentioned in the Chapters 1.1.2, HBV infection is the most common 

cause of HCC worldwide,
89, 90

 and is associated with 45% of liver cancers and 30% of cirrhosis 

globally. Alcohol and HCV infection individually causes 25% of the liver-related deaths.
160

  

 

In Asia, HBV infection is endemic; particularly in East Asia where the HBsAg prevalence rate is 

about 8.6% and just slightly lower in Southeast Asia.
161

  It has been estimated that China alone 
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represented half of the global burden of HCC-related mortality, with the majority caused by chronic 

HBV infection.
160

 

 

The New Zealand Perspective 

The GBD Study in 2010 has provided us with important insights into the world‟s changing disease 

burden epidemiology into the 21
st
 century.

157, 158
 However, the knowledge about the burden of 

chronic liver disease in Australasia or NZ is limited. In Chapter 1.1.2, the seroprevalence of HBV 

and HCV in NZ were discussed. Unfortunately, the present knowledge on the impact of chronic 

liver disease in NZ could only be illustrated based on liver mortality data from more than ten years 

ago, extracted from coroner‟s reports and hospital records.
36

  

 

In NZ, most cases of the adult liver transplant assessments and operations are performed on patients 

with chronic liver disease secondary to either chronic HBV or HCV infection.
162

 The only recent 

data on liver disease burden was from the Australia New Zealand Liver Transplant Registry report 

in 2011, which illustrated that chronic hepatitis C represented the primary diagnosis for 27% of all 

adult liver transplant recipients in 2010-2011 in the Australasian region.
163

 However, the actual 

incidence and impact of viral hepatitis-related outcomes and mortality outside the liver transplant 

setting are not known. In addition, the data on the use or the “misuse” of alcohol has attributed to 

about 3.9% of deaths in NZ with significant impact on Maori was from a decade ago.
164

 The actual 

impact of alcohol as a cause of liver morbidity and mortality was not clear from this study. As 

NAFLD is commonly related to obesity and diabetes,
165

 it is becoming an emerging cause of 

cirrhosis and HCC.
127, 166, 167

 In NZ the epidemic of obesity and diabetes is rising. The proportion of 

overweight and obese people have further increased to 65 % of all adults, of which 29 % are 

clinically obese in NZ.
38

 Recent study suggested the prevalence of diabetes in NZ was 7.0% but the 

prevalence of undiagnosed diabetes ranged 1.5-6.4% among different ethnic groups.
168

 Therefore, 
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by deductive reasoning, one can assume that the prevalence of NASH cirrhosis in NZ should be 

rising and common as well. As previously mentioned in Chapter 1.1.2, there is currently no data in 

NZ regarding the impact of NASH cirrhosis.  

 

Since the last two decades, there has been an influx of migrants from Asia, Pacific islands and 

Europe. Such changes to NZ‟s demographics is likely to also alter the prevalence of the aetiologies 

of chronic liver disease. For example, Chinese have higher prevalence of HBV infection and Pacific 

people, due to their genetic susceptibility and social pressure for high calorie food and low levels of 

exercise, are prone to be at risk of obesity and diabetes.
169

 Given the data on the burden of chronic 

liver disease and its impact in NZ is scanty and not comprehensive, it is important to examine the 

impact of cirrhosis burden in NZ and provide statistics to inform public health policy makers and 

allow prioritization of funding to improve the overall liver-related outcomes in NZ.  

 

1.2 The Interactions between Chronic Hepatitis B Infection, Metabolic 

Factors and Non-antiviral Drugs 

As alluded to earlier, the impact of chronic HBV infection to the liver disease burden in Asia-

Pacific region is huge among all the causes of liver cirrhosis.
36, 159, 160

 As the leading cause of HCC 

and cirrhosis in Asia Pacific, it is vital therefore to scrutinize whether there are important 

predictors shaping the virological or clinical outcomes in HBV patients. Since the number of obese 

people in the population is increasing,
38, 170

 and HBV infection continues to be a major cause of 

liver mortality in Asia (see Chapter 1.1.2), the following sections will summarise how the HBV 

infection may interact with the changes on host metabolic factors such as the presence of fat in the 

liver (hepatic steatosis). In addition, the impact of DM on patients with chronic HBV infection in 

terms of clinical outcomes, liver transplant and mortality will also be discussed. Finally, the 

chemoprevention strategies targeting HBV-related HCC will be discussed. 
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1.2.1 Hepatic Steatosis, Metabolic Syndrome and Chronic Hepatitis B  

The Interplay between Hepatic Steatosis, Metabolic Syndrome and Chronic Hepatitis B  

Among the general population, NAFLD is prevalent around 27-31% as assessed by MR 

spectroscopy of the liver.
171, 172

 This finding related to the growing obesity epidemic is also thought 

to be common in patients with chronic HBV. However, data suggests that HBV infection is 

associated with lower prevalence of fatty liver, hypertriglyceridemia and metabolic syndrome 

(MetS), and the difference was mainly attributed to lower triglyceride levels found in HBV 

patients.
173-175

  

 

Metabolic syndrome is a constellation of clinical features related to underlying insulin resistance; 

features include obesity, insulin resistance, dyslipidaemia and hypertension in an individual with 

obesity, resulting in a pro-inflammatory state.
176, 177

 Table 1.4 details the diagnostic criteria for 

MetS from a joint statement from the International Diabetes Federation, the American Heart 

Association/National Heart, Lung, and Blood Institute.
178

 If a person has three out of the five 

criteria, then MetS is diagnosed. 
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Table 1.4: Clinical diagnostic criteria for metabolic syndrome 

 

Diagnosis requires THREE out of FIVE risk factors
178

 

 Elevated waist circumference* 

 Hypertension: systolic BP ≥130 or diastolic BP ≥85 mm Hg, or on anti-

hypertensive treatment 

 Raised fasting plasma glucose: >5.6 mmol/L, or previously diagnosed type 2 

DM 

 Raised triglycerides: ≥1.7 mmol/L, or specific lipid-lowering treatment  

 Reduced HDL < 1.0 mmol/L in males, < 1.3 mmol/L in females, or on 

specific treatment for this abnormality 

BP- blood pressure; DM- type 2 diabetes mellitus; HDL-high density lipoprotein;  

*waist circumference is ethnic-specific: European - ≥94 cm for men and ≥80 cm 

for women; Asian - ≥90 cm for men and ≥80 cm for women 
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What is the relationship between fatty liver and HBV infection then? A recent meta-analysis 

concluded that hepatic steatosis or fatty liver in HBV seems to be as frequent as in the general 

population without HBV, and is related to metabolic risk factors but not associated with the hepatic 

histological severity of chronic HBV infection.
174

 It was suggested that the puzzling negative 

association between hepatitis B viral load and hepatic steatosis, may even suggest HBV‟s protective 

effect on the development of hepatic steatosis.
174

 The phenomenon of lower prevalence of MetS and 

hepatic steatosis in patients with chronic hepatitis B patients, is generally thought to be secondary to 

a higher serum adiponectin level and a lower triglyceride level (one of the diagnostic criteria for 

MetS).
173, 179, 180

  Other authors have even shown a positive correlation between HBV DNA and 

serum adiponectin level although correlations were weak (correlation coefficient, r=0.17 ~ 0.18 in 

these studies).
181-183

  Currently, there is no direct evidence supporting the inverse relationship 

between MetS and HBV viral load, but indirectly, adiponectin is inversely associated with insulin 

resistance. At the cellular level, it has been suggested that adiponectin, a downstream target gene of 

peroxisome proliferator-activated receptor (PPAR) gamma, enhances HBV DNA replication 

without changes in pregenomic ribonucleic acid (RNA) encapsidation and core particle formation 

and enhanced endogenous DNA polymerase activity resulting from adiponectin can occur even in 

the complete absence of transcriptional activation of the target genes.
184

  

 

There is currently no plausible explanation for the lower triglyceride level seen in HBV patients, 

however it has been hypothesized that myristic acid (derived from triglyceride) is used for the 

“myristoylation” of N-terminal preS1-domain of the HBV envelope protein which binds to 

hepatocyte for entry.
185

 Therefore, it is postulated that a higher HBV viral load and active viral 

replication will presumably increase the serum triglyceride turnover into myristic acid formation for 

the myristoylation process.  
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In summary, the high adiponectin level in the host enhancing HBV viral replication would cause a 

lower serum triglyceride level from the myristoylation process,
186

 and possibly lower risk of hepatic 

steatosis and lower incidence of MetS would be expected.
187

 A population study from Taiwan 

supporting this theory showed that hypertension and high triglyceride level were inversely 

associated with HBsAg positivity. The likelihood of MetS was lower in HBsAg positive than 

HBsAg negative patients in this study (adjusted odds ratio (OR) 0.84, 95% confidence interval (CI) 

[0.76-0.93]).
175

 Another study showed conflicting results; in a cross-sectional study of 8,226 

University students – those with no previous exposure to HBV infection had 34% higher risk for 

MetS (OR 1.34, 95% CI [1.05-1.70]) and those cases previously exposed to HBV (HBV carriers) 

had even higher risk for MetS (58% higher risk; OR 1.58, [1.04-2.47]), compared to those who 

were vaccinated against HBV.
188

  

 

These data illustrated conflicting results which suggest an unclear mechanism on the interplay 

between metabolic risk factors, adiponectin level and HBV replication still remain. 

 

Influence of Hepatic Steatosis, Metabolic Syndrome on Hepatitis B Virological Response  

If the interplay between hepatic steatosis, metabolic risk factors and chronic HBV remains unclear, 

then does hepatic steatosis or MetS actually influence the virological or clinical outcomes in HBV 

patients who are obese or have MetS?  

 

Hepatitis B surface antigen (HBsAg) seroclearance is an important landmark in the clearance of 

chronic HBV infection; marking the successful immune response in clearing the HBV with a 

subsequent lower risk of cirrhosis progression and HCC.
189, 190

 Other than low serum HBsAg and 

HBV viral load being the strongest predictor of spontaneous HBsAg seroclearance,
191

 Chu and 

colleagues have shown that HBsAg carriers with increased body mass index (BMI), and hepatic 

steatosis is associated with HBsAg seroclearance by five years earlier than those have normal BMI 
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or no hepatic steatosis.
192

 Although HBV patients with hepatic steatosis and increased BMI seem to 

have earlier HBsAg seroclearance in general,
192

 the harmful effects of hepatic steatosis cannot be 

ignored. For example, hepatic steatosis is a very common feature in MetS.
193, 194

 and one study has 

shown that patients with HBV and concurrent MetS, the risk of liver cirrhosis was four-fold higher 

(OR 4.1, [2.4-7.1]) after adjustment for anthropometric parameters, biochemical and viral factors, 

compared to HBV patients without MetS.
195

 In addition, the presence of metabolic factors for both 

obesity and DM, which are accompanied by hepatic steatosis, are associated with more than 100-

fold risk of HCC.
103

 Others have found that hepatic steatosis more than 10%,
196

 and elevated 

BMI
197

 were the metabolic factors for advanced liver fibrosis in HBV patients. Contradictory 

findings as presented above, demonstrated that not all data support the benefits of hepatic steatosis 

in HBV patients: the risks of significant HBV morbidities associated with obesity and MetS seems 

to outweigh the benefits of an earlier HBsAg seroclearance. 

 

Common HBV virological response such as the development of e-antigen seroconversion or 

seroclearance is considered important landmark with regards to the risk of HCC and cirrhosis with a 

drop in viral load and more inactive disease state.
198

 HBeAg seroconversion means the development 

of anti-HBeAg antibody and the turned negative HBeAg status, whereas seroclearance states the 

loss of positive HBeAg to become negative. One large community study of HBV patients showed 

that those with hepatitis B e-antigen (HBeAg) positivity have higher risk of HCC compared to those 

who are negative for both HBeAg and HBsAg negative (relative risk 60.2, [35.5-102.1]).
199

 

Furthermore, longitudinal studies showed that in those who developed HBeAg seroconversion, 

there would be a lower risk of progression of fibrosis,
200, 201

 and a stronger predictor of survival 

especially if the HBeAg seroconversion was sustained.
202

 This is also true for treatment-induced 

HBeAg seroconversion or seroclearance.
201, 203

  

 



  33 

Does hepatic steatosis influence HBV treatment-related response? One study suggested that the 

presence of hepatic steatosis in patients with HBV did not affect pegylated interferon treatment 

outcomes.
204

 On the other hand, Jin and colleagues showed patients with HBeAg positive infection 

and hepatic steatosis had a lower HBeAg seroconversion rate than those without hepatic steatosis. 

This was a nested case-control study of HBV patients receiving entecavir, and those with hepatic 

steatosis had significantly higher BMI, waist circumference, fasting glucose, triglyceride level, uric 

acid levels and percentage of obesity compared to the control group. However, the rate of DM was 

not significantly different (6.2% vs 5.4%, p=0.26) between the cases and the controls. The presence 

of hepatic steatosis was shown to be an independent factor of entecavir treatment failure by 

multivariate logistic regression at 24
th

, 48
th 

and 96
th 

week. The HBV viral suppression and HBeAg 

seroconversion were both lower throughout the follow-up in those with hepatic steatosis. The 

authors concluded that hepatic steatosis was significantly associated with entecavir treatment failure 

and metabolic factors are independent factors of hepatic steatosis in HBV patients. However, one 

important limitation was that the hepatic steatosis was defined by ultrasound, an operator dependent 

procedure.
205

 Furthermore, the rate of DM was small between the two groups. This small study was 

the only data suggesting lower rate of HBeAg seroconversion in HBV patients with hepatic 

steatosis treated with entecavir.  

 

Presently, there are conflicting results on whether hepatic steatosis influences HBV virological 

response from treatment and whether such changes translate to better outcomes. It remains 

unknown if the presence of MetS would actually influence the HBV virological response, and 

subsequently giving rise to the apparent increased risk of cirrhosis and HCC.  
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1.2.2 Type 2 Diabetes Mellitus and Outcomes in Chronic Hepatitis B  

The Disease Burden of Type 2 Diabetes on Hepatocellular Carcinoma, Cirrhosis and 

Mortality in Hepatitis B  

From the previous sections, it is recognized that DM is an important manifestation of insulin 

resistance and metabolic syndrome, while chronic HBV infection causes more than half of the 

cirrhosis and HCC globally.
159

 Hepatocellular carcinoma remained one of the leading causes of 

cancer mortality globally with the age-standardized mortality rate of 11.5 per 100,000, second only 

to lung cancers at 23.4 per 100,000, and this rate has risen by 62.4% since 1990.
157

 Contributing 

further to the impact of HBV disease burden, is the parallel increase in the obesity epidemic and the 

significant burden of DM posed on the healthcare system,
206

 including DALYs and age-

standardized mortality rate of 680 and 19.5 per 100,000, respectively.
157, 158

 The data on the 

mechanism of the additive risk of HCC in patients with concurrent HBV and DM is gathering 

momentum, but it is not clear whether the mechanism of increased risk is entirely through 

hyperinsulinemia,
207

 or through NASH pathway.
167

 Hyperinsulinemia can increase insulin-like 

growth factor 1 activity, resulting in abnormal stimulation of multiple cellular signaling cascades in 

such way to promote growth factor-dependent cell proliferation.
208

 Hyperinsulinemia or insulin 

resistance, resulted from obesity has strong association with carcinogenesis through this pathway.
209

 

 

Currently there are ample studies to support the deleterious effect of DM in patients with HBV 

infection. A small cohort study of 500 chronic HBV carriers followed up for mean duration of 5.8 

years found that almost one in five (21.1%) patients who developed cirrhosis had DM. In this study 

DM and elevated alanine aminotransferase (ALT) were independent factors associated with 

cirrhosis.
210

 A recent population study from Taiwan showed that among the chronic HBV patients, 

newly diagnosed DM during follow-up was an independent predictor of cirrhosis (hazard ratio (HR) 

2.02, [1.39-2.92], P<0.001) and cirrhosis decompensation (HR 1.79, [1.19-2.69], P=0.005) after 

adjusted for age, sex, antiviral treatment, HCC and comorbidities.
211

 An European cohort of 15,886 
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NHANES III participants with 2,061 subjects having chronic liver disease of different aetiologies; 

66 had HBV infection. This study showed that components of metabolic syndrome including DM 

were independent predictors of mortality in individuals with chronic HBV, NAFLD and ALD 

(P<0.05).
212

 Although the number of HBV patients in this study was small, it suggests that DM is 

an important predictor of mortality in patients with chronic liver disease. One study by Chao and 

colleagues showed in an HBV-infected cohort, there was an incremental HCC risk with increasing 

serum insulin levels (HR 2.36, [1.43-3.90]), for the highest quartile of insulin level and (HR 1.57, 

[0.96-2.58]) for the lowest insulin level, after adjusted for demographic and viral factors. This dose-

response relationship between insulin level and HCC risk persisted after adjusting for other 

metabolic factors in stratified analysis.
207

 This study supports the idea that elevated insulin levels 

may increase the risk of HCC. 

 

Earlier mentioned studies suggest DM increases the risk of cirrhosis and HCC, however currently 

there is lack of evidence on whether the presence of DM at the time of cirrhosis diagnosis, would 

increase cirrhosis-related morbidity and mortality and to what degree. In addition, it is not clear if 

good glycaemic control at the time of cirrhosis diagnosis will improve survival of cirrhosis patients. 

So far, the only study showed a cohort of 346 HBV cirrhosis patients showed with good glycaemic 

control did not have better overall survival.
213

 Therefore further studies are needed to clarify these 

issues in the area of HBV cirrhosis with DM. 

 

The Impact of Diabetes on Liver Transplantation for Hepatitis B in New Zealand 

The impact of DM in HBV patients in NZ is unknown. However one could only estimate the 

disease burden of DM in HBV patients by referring to some existing data. Liver transplantation is 

the most effective treatment for patients with decompensated cirrhosis, and provides the best 

prognosis compared to other management.
214

 In the NZ Liver Unit, where liver transplant is 

performed, there were 41 patients with decompensated liver disease undergone liver transplant 
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assessment between 1997-2007. Of these, fifteen patients (36.5%) had HBV cirrhosis was the cause 

for referral and most of these HBV patients (11/15 patients, 73.3%) have concurrent DM or obesity 

(defined as BMI>30kg/m
2
).

215
  

 

On the other hand, HCC and NASH cirrhosis are becoming most common indications for liver 

transplantation in NZ, with a doubling in the number of assessment cases, in recent times.  This is 

most likely to be related to the obesity epidemic. In the recent years, 29 HBV patients underwent 

liver transplant assessment for HCC between year 2007-2013, of these thirteen patients (44.8%) had 

DM or obesity.
215

 The data suggest significant proportion of patients referred for liver transplant 

assessments have DM or obesity. 

 

Most HBV patients with DM or obesity, however will not end up receiving liver transplantation due 

to significant comorbidities from longstanding DM. Pre-existing DM increases the risk of 

cardiovascular, infective, respiratory complications and a lower five-year survival post liver 

transplant.
216

 Therefore, the morbidity and mortality in this group of patients with HBV and DM are 

considerably high whether or not they develop cirrhosis decompensation.  

 

1.2.3 The Impact of Non-antiviral Drugs on Clinical Outcomes in Hepatitis B 

Patients with Type 2 Diabetes Mellitus 

The clinical outcomes in patients with HBV and DM is generally poor compared to those without 

DM; HBV patients with DM have higher risk of HCC, progression to cirrhosis, cirrhosis 

decompensation and possibly death compared to those without DM. So are there any treatments, 

which could alter the natural history of HCC and cirrhosis progression and ultimately death, in this 

group with seemingly poorer outcomes and survival? 
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Antiviral therapy like nucleotide analogue (NA) such as Entecavir and Tenofovir are now 

established as the standard treatment for HBV patients with high risk of developing cirrhosis, HCC 

and liver failure.
217, 218

 Studies have shown that NA and pegylated interferon (in selected group of 

HBV patients) may be the only treatment to reduce the risk of cirrhosis complications, death, and 

regression of fibrosis.
201, 203, 219-221

 Interestingly, in the recent five-year follow-up study on the 

efficacy of Tenofovir, a potent NA showed that DM patients were less likely to have fibrosis 

regression compared to the non-DM patients.
221

 This result suggests that despite the potent viral 

suppression in HBV patients with DM, the underlying liver fibrosis could progress and not regress. 

This finding invariably suggests that the underlying insulin resistance is driving the liver fibrosis,
222

 

and the poor clinical outcomes due to the lack of fibrosis regression may bring about. Thus one 

needs to look elsewhere for better prevention of complications such as HCC among DM patients. 

 

The Anti-tumour Effect of Anti-diabetic Medications in Hepatitis B 

In the last ten years, there has been a large body of evidence published on the anti-tumour property 

of metformin to reduce HCC risk. Metformin, a biguanide, is a commonly used as first-line therapy 

in DM. Its main action is to decrease hepatic gluconeogenesis and increases insulin sensitivity.
223

 

Metformin has also been shown to activate adenosine monophosphate-activated protein kinase 

(AMPK), which inhibits the mammalian target of rapamycin (mTOR) pathway, an important 

pathway for HCC development.
6, 224

 Activation of the AMPK pathway can suppress cell growth 

through cell cycle arrest in vitro and in vivo.
225, 226

 In addition, metformin‟s anti-tumour effect 

through the activation of AMPK pathway, can block cMyc activation, induces DICER expression 

(codes for enzyme that cleaves RNA) and possibly suppresses angiogenesis factor, hypoxia-

inducible factor-1α (HIF-1α).
227

 Such biologically plausible effects of metformin in HCC 

prevention was suggested in a meta-analyses of eight studies from Asian and Western populations; 

after adjusted for other anti-diabetic medications, metformin had 22% risk reduction for HCC 

(adjusted OR 0.78, [0.75-0.82]).
228

 As most DM patients would be on more than one anti-DM 
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medications, this meta-analyses attempted to adjust for such confounders; it was found that 

sulphonylurea use was associated with higher risk of HCC, (OR 1.62, [1.16-2.24]), although the 

results were not consistent and high heterogeneity between studies. The use of insulin was 

associated with a 2.6-fold risk of HCC, (adjusted OR 2.61, [1.46-5.65]) and when accounted for 

concomitant effect of other anti-DM medications, the risk of HCC with insulin use persisted.
228

 

 

Previous studies have shown the possible increased risk of HCC in those who used insulin and other 

oral hypoglycemics.
104, 228-230

 However, bias exists in some of these studies due to the concurrent 

uses of these medications among the DM patients. The use of these medications are actually 

associated with the severity and duration of DM which are often not adjusted or accounted for in the 

data analysis.
228

 For example, a metformin non-user could mean a person is on insulin treatment 

with longstanding DM with significant insulin resistance and much more hyperinsulinaemia than 

those metformin users or insulin non-users. Therefore the true risk-reduction effects of these drugs 

are not adequately observed. All the ten studies in this meta-analysis, which included case-

controlled studies, randomised controlled trials and population cohort studies, did not always adjust 

for anti-DM medications or at least one important HCC risk factor such as cirrhosis, antiviral 

therapy, or alcoholic liver disease. 

 

This meta-analysis provided some important observations regarding the pro-oncogenic effect and 

anti-tumour effect of the anti-DM medications while adjusted to some important confounders. 

However, most of these studies did not adjust for statin use which is an important medication in 

DM patients with some early studies suggesting anti-tumour property of statins.
231, 232

 The 

following section will further discuss the chemopreventive effect of statin in HCC development. 

Thus at the moment, the chemopreventive effect of each anti-DM medication should be interpreted 

with caution and further prospective controlled trials are required to examine this.  
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The Anti-tumour Effect of Statin in Hepatitis B 

The use of antiviral agents such as NA have been established to reduce complications in chronic 

HBV patients, however it does not completely abolish the risk of HCC even in those on very potent 

NA or with suppressed viral load.
219, 233

 Several chemopreventive agents are also associated with 

lower HCC risk such as metformin,
225, 228

 aspirin.
234

 Statins, a 3-hydroxy-3-methylglutaryl CoA 

(HMG-CoA) reductase inhibitor, has long been used for the treatment and prevention of 

dyslipidemia and cardiovascular diseases. It is well tolerated and exhibits low risk of 

hepatotoxicity,
235, 236

 even among subjects with chronic liver disease.
237, 238

 In a meta-analysis of ten 

studies, statin use was associated with a lower risk of HCC compared to non-users (adjusted OR 

0.63, [0.52-0.76]).
239

 Such observation may be related to the anti-inflammatory, anti-proliferative, 

anti-angiogenic, immunomodulatory effects of statin,
240

 as well as its anti-tumor potential in MYC 

regulation.
241

  

 

Two recent population cohort studies examined the effect of statin on HCC risk in patients with 

chronic HBV and HCV infection, respectively.
242, 243

 Focusing on the HBV population, statin use 

was associated with reduced HCC risk, in a dose-dependent manner, by 34-67% compared to the 

untreated patients. Interestingly, a profound 34% reduction in HCC risk was seen even among statin 

users with only 28-90 daily-defined doses (DDD) of treatment (HR  0.66, [0.44-0.99]) in the HBV-

infected cohort.
242

  What this result suggests is that even a short course of statin treatment (less than 

90 DDDs) would reduce the risk of HCC by a third. This seems to be more potent and more 

effective than NA in HCC risk reduction among HBV patients.
219

 In detail, only a small proportion 

of this cohort (2.4%) used anti-HBV treatment, despite 10.7% of the cohort having liver cirrhosis.  

This cohort of HBV-infected patients invariably represented a group with lower HCC risk (HCC 

incidence of only 0.3% per year of follow-up). Furthermore, in this study important confounders of 

HCC risk were not simultaneously adjusted in this study such as the use of aspirin, antiviral 

therapy, metformin, sulphonylurea and insulin use.
242
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Several authors have also pointed the potential presence of “indication” bias in this study where 

HBV patients with cirrhosis or advanced fibrosis and inherently high risk of HCC may not be 

prescribed statin due to fear of hepatotoxicity and thus a biased protective effect of statin.
240

 

Another potential bias suggested was the “immortal time bias” or guarantee-time bias
244

 in this 

study where subjects were followed up for two years while on statin to ensure “adequate exposure” 

of the drug and would not develop events (subjects were “immortal” during this period); except 

that, incident cases of HCC in the untreated appeared within the first year of the study.
245

 So in the 

case where the statin user developed HCC during the first two years of the study, this person would 

be classified as a non-user or excluded from the study despite having developed HCC while using 

statin. This may invariably underestimates the risk of HCC among the statin users, as the untreated 

patients were not “immortal” during this period. Furthermore, the statin users with event (HCC) 

within two years were not included in the statin user group. Nonetheless, previous meta-analyses of 

other studies
239

 supported the benefits of statin on HCC development shown in in vitro and animal 

studies.
240

 

 

In large pharmacoepidemiological studies, “immortal time” occurs when a person is diagnosed with 

a condition (HBV) and the treatment of interest (statins) is administered some time after the initial 

diagnosis. The period between the HBV diagnosis date and the first treatment date is said to be 

“immortal” because the person who is or would be in the treated group eventually have to survive 

(be alive and event free) until the treatment is administered. If a person develops the event of 

interest or died before the treatment was administered, then such person would be misclassified as 

untreated. Alternatively, if the follow-up time began from the first drug prescription date for the 

treated group (with a period of immortal time excluded) and from the first diagnosis for the 

untreated group, selection bias would occur as the immortal time has been excluded from the 
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analysis of the treated group. In such settings where biases were introduced, the results would now 

favor the treatment or positively confer a survival advantage of the treated.  

 

With the mentioned potential limitations in mind, the current evidence for statins use as 

chemopreventive agent for HCC is still questionable, particularly for the HBV-infected cohort with 

the highest risk for HCC. Furthermore, it is still unclear if NA-treated HBV patients would benefit 

from synergistic use of statin, given NA treatment is standard of therapy and is generally indicated 

for those at high risk of hepatocarcinogenesis and cirrhosis progression.  
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1.3 Hypotheses and Aims 

 

Hypothesis 1: The epidemiology and causes of liver cirrhosis are not well defined in NZ. 

Furthermore, the impact of liver cirrhosis on healthcare system in NZ is unknown. NZ has steady 

influx of immigrants from Asia in recent years and has a large proportion of obese population. It is 

likely that the incidence of liver cirrhosis and liver-related complications in NZ is rising due to the 

aging cohort effect from the NAFLD and HCV epidemics. However, the leading cause of liver-

related morbidity and mortality remains chronic HBV infection. In adult New Zealanders with 

chronic HBV infection, mortality from both liver-related and extrahepatic complications has risen 

over the past decade because of the impact of obesity in Maori and Pacific Island populations. 

 

Aim 1: To describe the epidemiology, disease burden and outcomes of four commonest causes of 

liver cirrhosis in South Auckland region (which has different ethnic groups well-represented of NZ) 

over a 12-year period 

 

Hypothesis 2: Metabolic syndrome is closely associated with obesity and insulin resistance. It is 

presently unknown if the apparent increased risk of cirrhosis and HCC among HBV patients with 

MetS, is through delayed HBeAg seroclearance by mechanisms related to insulin resistance, obesity 

or NASH. It is hypothesized that MetS delays HBeAg seroclearance in HBV patients and that DM 

affects the immune response associated with HBeAg seroclearance 

 

Aim 2a: To examine if MetS would delay HBeAg seroclearance among Chinese HBV patients 

Aim 2b: To determine which metabolic risk factors in MetS delay the HBeAg seroclearance, 

resulting in the increased risk of cirrhosis and HCC 
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Hypothesis 3: Type 2 DM increases the risk of liver cirrhosis. However, there is no data to suggest 

whether pre-existing DM prior to the onset of cirrhosis diagnosis will increase the risk of liver, 

cardiovascular, or infective outcomes. It is hypothesized that the presence of DM at the time of 

cirrhosis diagnosis will increase the risk of liver complications, HCC, and mortality, compared to 

the non-DM patients. Secondly, poor DM control is associated with increased risk of liver 

compliations and mortality. 

 

Aim 3a: To examine the effect of pre-existing DM at the time of cirrhosis diagnosis on liver-related 

mortality and liver outcomes 

Aim 3b: To characterize which baseline DM features would influence mortality and liver outcomes 

 

Hypothesis 4: There have been a few pharmacoepidemiological studies suggesting the possible 

chemopreventive effect of statin on HCC risk; however none have been performed without 

critically eliminating biases and confounders. To date there is insufficient data to support the anti-

tumour effect of statin in the HBV population with a high risk of developing HCC. In addition, 

whether statin can reduce the risk of death in HBV patients is unknown. Therefore, statin can 

reduce the risk of HCC and death in HBV patients, after correcting for some common and potential 

statistical biases and confounders. 

 

Aim 4: To investigate the effect of statin in the primary prevention of HCC and death in a hospital-

based population of HBV patients, with the correction of biases and confounders 
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Chapter 2 Epidemiology and Disease Burden of Cirrhosis  

 

 

 

 

 

 

 

 

Epidemiology, Disease Burden and Outcomes of Cirrhosis 

in a Large Secondary Care Hospital in 

South Auckland, New Zealand 
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This study was published as “Hsiang JC, Bai WW, Raos Z, Stableforth W, Upton A, Selvaratnam S, 

et al. Epidemiology, disease burden and outcomes of cirrhosis in a large secondary care hospital in 

South Auckland, New Zealand. Internal Medicine Journal 2015;45:160-9.” 

 

2.1 Introduction 

 

Liver cirrhosis is a major cause of morbidity and mortality among individuals with viral hepatitis,
246

 

NAFLD
167

 and hazardous alcohol use as discussed in Chapter 1.1.2.
98, 247

 In NZ, the understanding 

of the impact of cirrhosis is still limited. 

 

South Auckland is served by Counties Manukau District Health Board (CMDHB), with a 

population of 512,130 (2013 population projection). It consists of a more multi-ethnic mix of 

patients. Compared to the rest of NZ, South Auckland consist of less Europeans (40.5% vs 67.6%), 

more Maori and Pacific people (40% vs 20.6 %) and more Asians  (21% vs 9.2%).
34

 Among the 

CMDHB population the prevalence of risk factors for chronic liver disease including chronic 

HBV,
35

 hazardous alcohol consumption, and obesity and type 2 diabetes (both risk factors for 

NAFLD) is high.
38

 In addition, the diagnosis of NAFLD and its cirrhosis are often delayed and 

under-recognized.
248

 Currently, chronic HCV infection is estimated to affect about 1% of New 

Zealanders and CMDHB rates are believed to be similar to the population as a whole with much 

remaining undiagnosed as previously discussed.
249

    

 

While cirrhosis and its complications may be preventable,
250-253

 the incidence and the impact of 

cirrhosis are not known in NZ or the South Pacific region. Therefore, the aim was to describe the 

epidemiology and disease burden of the four most common known causes of cirrhosis in the 

CMDHB area (ALD, NAFLD, HCV and HBV infection) over a 12-year period. 
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2.2 Materials and Methods 

2.2.1 Patients 

Counties Manukau District Health Board (CMDHB) located in the South Auckland, NZ provides 

health service to residents within the defined geographic area of districts within South Auckland. 

Middlemore Hospital, the sole secondary care hospital provides liver-related healthcare to the 

residents in the region. There are three other public hospitals in the rest of Auckland region with 

linkage of the hospital computer database containing comprehensive information on demographics, 

hospital admissions, and important clinical data. All residents will attend liver-related health 

services at Middlemore Hospital and cannot engage with nearby public hospital services unless 

referred by specialists. Any patients with HCC or liver failure require assessment for OLT will be 

referred to the NZ Liver Transplant Unit, located 20 kilometres to the north. Following 

interventions for HCC or OLT, patients would return to the CMDHB clinic for follow-up. Given the 

comprehensiveness of the clinical data available in a defined region of health service coverage, a 

retrospective review of the incidence and outcomes of cirrhosis patients under the hospital follow-

up was carried out. 

 

2.2.2 Data collection 

All patients diagnosed with cirrhosis over the 12-year period from January 2000 to 31
st
 December 

2011 were included in this study.  Data were collected from patient‟s electronic hospital record 

system for all patients identified on the cirrhosis database. The diagnosis of cirrhosis was made on 

clinical, biochemical, histological, transient elastographic or radiological evidence (nodular liver 

surface, dilated portal vein (>12mm) and enlarged spleen (>12cm)) accompanied by clinical signs 

of cirrhosis such as oesophageal varices, ascites, hepatic encephalopathy and thrombocytopenia. 

Where transient elastography (Fibroscan) was used to assess degree of fibrosis, liver stiffness 

measurement (LSM) cut-off for cirrhosis was 11 kPa, 14.5 kPa for HBV,
254

 and HCV,
255

 and 
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19.5kPa and 10.3kPa for ALD,
256

 and NAFLD
257

 primary aetiologies, respectively. Ethnicity was 

defined by ethnicity codes used by the NZ Ministry of Health:
258

 European, Other, Maori, Pacific 

People, Indian, and Asian. 

 

Clinical features and complications of cirrhosis (oesophageal or gastric variceal bleeding, SBP, 

ascites, HE and HCC) were defined and recorded according to international guidelines as described 

in Chapter 1.1.2.
44, 54, 108

 Symptomatic presentation was defined as an acute presentation with 

complications of cirrhosis at the time of cirrhosis diagnosis. The primary endpoints are cirrhosis 

complications and death/OLT or up to 31
st
 January 2011.  

 

2.2.3 Aetiology of cirrhosis 

The diagnosis of viral hepatitis was based on positive hepatitis serology (positive HBsAg for more 

than six months or positive HCV RNA). Alcoholic liver disease was diagnosed based on history of 

significant alcohol intake (more than 21 units of alcohol per week for males, and 14 units per week 

for females) in the absence of other significant risk factors for chronic liver disease as the main 

aetiology. The aetiology of NAFLD was diagnosed by liver histology,
259

 transient elastography
260

 

or radiological suspicion of fatty liver (without significant history of alcohol intake, methotrexate, 

corticosteroid use, viral hepatitis or positive autoimmune antibodies), in the presence of MetS 

features such as obesity, and type 2 diabetes.  

 

Secondary causes or co-factors for cirrhosis were determined as an important but minor aetiology in 

the cause of patient‟s progression to cirrhosis. In addition to viral serology, routine investigations 

included liver autoimmune serology, iron studies, ceruloplasmin, and alpha-one antitrypsin levels.  
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2.2.4 Statistical Method 

The data were analysed using SPSS
®
 (IBM, version 21).  Comparison between categorical variables 

was carried out using Chi-square test or Fisher‟s exact test and between continuous variables using 

student t-test or Mann-Whitney test where appropriate. Log-rank test was used to compare time-

dependent variables. The crude age- and ethnic-adjusted incidence rates for age stratified groups 

(15-29, 30-44, 45-59, 60-79, >80 years) and ethnic groups were calculated by dividing age-specific 

and ethnicity-specific liver events by age- and ethnic-specific (weighted) CMDHB population sizes 

data from the NZ Health Statistics (Ministry of Health). Projected cirrhosis incidence per year was 

calculated by dividing the year-specific number of total cirrhosis patients under active follow-up by 

the year-specific CMDHB population data from NZ Health Information Services and using results 

form year 2000-2011 to extrapolate the cumulative cirrhosis patients under active follow-up until 

2023. Cox regression survival analysis was used to determine the predictors associated with 

mortality. Logistic regression analysis was used to examine the predictors of symptomatic HCC at 

cirrhosis diagnosis. Poisson loglinear regression model was used to examine the incidence rate ratio 

(IRR) looking for trends in liver event incidence and mortality and significance between time-

dependent variables (where appropriate). Incidence rate ratios estimated from the model larger than 

1.0 indicates that the event has a higher incidence than the preceding year. A two-sided p value 

<0.05 was considered significant. 

 

2.3 Results 

2.3.1 Demographics and Aetiology 

Over the 12-year study period between year 2000 to 2011, 832 patients were identified. Seven 

hundred and forty-six patients had either HBV, HCV, ALD or NAFLD as the primary aetiology of 

the cirrhosis with a follow-up of 2792.5 patient-years and were analysed further. Eighty-six patients 

(10.3%) had cirrhosis from autoimmune hepatitis (32 patients), primary biliary cirrhosis (9 
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patients), primary sclerosing cholangitis (8 patients), and other causes (12 patients). This group was 

not analysed further. Patient demographics and characteristics at baseline are shown in Table 2.1.  

The majority of patients were male (68%) and the mean age at baseline was 56 13 years. Maori 

patients were younger at baseline (52 11 years) compared with non-Maori (57 13 years, p<0.05).  

 

Chronic HBV accounted for 37.2% of the cohort, followed by ALD (24.1%), HCV (22.3%) and 

NAFLD (16.4%). The patients were predominantly male except for the NAFLD cohort where the 

gender ratio was 1:1. The aetiology of cirrhosis varied strongly according to patient ethnicity.  

Asian cirrhotics were much more likely to have viral (HBV/HCV) cirrhosis than ALD / NAFLD 

(91.7% vs 8.3%, p<0.001) compared to non-Asians. Chronic HBV was also the leading cause of 

cirrhosis in Maori compared to other causes (49 of 92 patients, 53.3% vs 46.7%, p=0.001) and also 

in Pacific people, compared to other causes (123 of 161 patients, 76.4% vs 23.6%, p<0.001).  

 

Cirrhosis due to HBV infection however was an uncommon aetiology among Europeans (16/298 

patients, 5.4%) and Indians (5/62 patients, 8.1%) as ALD was the most aetiology identified in 

42.6% of Europeans and 35.5% of Indians. Among the Pacific people, HCV cirrhosis was a rare 

cause of cirrhosis compared to other aetiologies (2.4%, p<0.05 in all group comparisons). 

Hazardous (significant) alcohol consumption was the most common secondary cause of cirrhosis in 

56 of 746 (7.5%) patients and 18.7% (31/166) of all HCV patients had significant alcohol use as the 

secondary cause of their cirrhosis (p<0.001, compared to other aetiologies). Patients with ALD 

were more likely to present with cirrhosis complications at diagnosis compared to other groups 

(p<0.05) and presented with a higher MELD score and more Child-Pugh C cirrhosis at diagnosis 

compared to other groups (all p<0.05) – see table 2.1. 
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Table 2.1: Baseline characteristics of 746 cirrhosis patients in South Auckland, New Zealand 

 

 ALD 

(Group 1) 

N=180 

NAFLD 

(Group 2) 

N=122 

HBV 

(Group 3) 

N=278 

HCV 

(Group 4) 

N=166 

p value 

Age at diagnosis 

(years s.d.) 

59 12 63 12 52 12 54 11 *, #, $ 

Follow-up duration 

(years s.d.) 

3.7 3.5 3.9 3.4 4.1 3.4 4.4 3.7 N.S. 

Male gender (%) 143 (79.4%) 62 (50.8%) 191 (68.7%) 114 (68.7%) *, +, ^ 

Ethnicity      

Asian 6 (3.3%) 5 (4.1%) 85 (30.6%) 37 (22.3%) #, $, +, ^ 

European/Other 127 (70.6%) 70 (57.4%) 16 (5.8%) 85 (51.2%) #, $, +, § 

Maori 14 (7.8%) 6 (4.9%) 49 (17.6%) 23 (13.9%) #, + 

Indian 22 (12.2%) 18 (14.8%) 5 (1.8%) 17 (10.2%) #, +, § 

Pacific people 11 (6.1%) 23 (18.9%) 123 (44.2%) 4 (2.4%) #, +, §, *, ^ 

Secondary cause      

Alcohol  10 (8.2%) 15 (5.4%) 31 (18.7%) +, ^ 

NAFLD 13 (7.2%)  7 (2.5%) 5 (3%) N.S. 

HBV 9 (5%) 2 (1.6%)  4 (2.4%) N.S. 

HCV 6 (3.3%) 0 1 (0.4%)  N.S. 

HDV 0 0 9 (3.2%) 0 N.S. 

Other 3 (1.7%) 3 (2.5%) 0 1 (0.6%) N.S. 

Method of diagnosis     p for trend –  

*, #, $, +, ^, § 

Biopsy 9 (5.0%) 35 (28.7%) 94 (33.8%) 20 (12.0%)  

Transient elastography 22 (12.2%) 6 (4.9%) 41 (14.7%) 86 (51.8%)  

Radiological 45 (25%) 6 (4.9%) 78 (28.1%) 36 (21.7%)  

Cirrhosis 

complications 

104 (57.8%) 75 (61.5%) 65 (23.4%) 24 (14.5%)  

MELD score at diagnosis 13 6 10 4 10 6 8 3 *, #, $ 

^, § 

Child-Turchotte-Pugh 

Class 

     

Class A 76 (42.2%) 79 (64.8%) 198 (71.2%) 144 (86.7%) *, #, $, ^, § 

Class B 65 (36.1%) 35 (28.7%) 61 (21.9%) 16 (9.6%) #, $, ^, § 
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Class C 39 (21.7%) 8 (6.6%) 19 (6.8%) 6 (3.6%) *, #, $ 

Platelet count, x10
3
/mm

3
 

(%) 

     

>150 73  (41%) 56 (45.9%) 146 (52.7%) 79 (47.6%) N.S. 

100-150 63 (35.4%) 43 (35.2%) 61 (21.9%) 49 (29.5%) N.S. 

<100 42 (35.4%) 23 (18.9%) 19 (6.8%) 38 (22.9%) N.S. 

Albumin, g/L (%)      

>35 70 (38.9%) 63 (51.6%) 175 (62.9%) 123 (74.1%) #, $, ^ 

28-35 67 (37.2) 42 (34.4%) 58 (20.9%) 33 (19.9%) #, $, +, ^ 

<28 43 (23.9%) 17 (13.9%) 45 (16.2%) 10 (6%) $, § 

ALD – Alcoholic Liver Disease, NAFLD – Non-alcoholic Fatty Liver Disease, CHB – Chronic Hepatitis B, CHC – 

Chronic Hepatitis C, HDV – Hepatitis Delta Virus, MELD – Model for End-stage Liver Disease, NA – Not 

available, N.S. – not significant 

χ
2 
test, p value <0.05: *= Group 1 vs 2, #= Group 1 vs 3, $=Group 1 vs 4, + = Group 2 vs 3, ^= Group 2 vs 4, §= 

Group 3 vs 4, N.S.=not significant 
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2.3.2 Treatment Status for Viral Hepatitis 

The majority (68.0%) of the HBV cirrhotic patients were HBeAg negative at diagnosis. Anti-viral 

therapy was initiated in 67.6% (188 of 278 patients) at diagnosis and the remainder had low or 

undetectable HBV DNA level. Among the patients with HCV cirrhosis, 63.9% (106 of 166 patients) 

received interferon or pegylated interferon/ribavirin treatment. Of these, 29.2% (31/106) were cured 

while 18.9% were responder/relapsers and 50.9% were null responders. 

 

2.3.3 Incidence and Outcomes of Cirrhosis 

The crude age- and ethnicity-adjusted incidence rate of different cirrhosis aetiologies was calculated 

for the four groups (Figure 2.1) over the study period. Given the incidence ratio of cirrhosis of 

different aetiology varies with time, Poisson regression analysis of the crude incidence rate ratio 

(IRR) was performed to determine the trend of the incidence rate changes over the 12 years (Table 

2.2).  For NAFLD cirrhosis, there is a small but significant increase in incidence over time, 4.9% 

increase compared to the previous year (IRR=1.049, 95% CI: 1.039-1.060, p<0.001). Both the 

crude IRR for ALD cirrhosis (IRR=0.976, 95% CI: 0.969-0.983, p<0.001) and HBV cirrhosis 

(IRR=0.929, 95% CI: 0.923-0.936, p<0.001) indicated 2.4% and 7.1% reduction (respectively) in 

the incidence rate per annum compared to the previous year. The crude IRR for cirrhosis outcomes 

showed significant increase in the rate of symptomatic HCC at cirrhosis diagnosis, HCC incidence, 

and liver-related and HCC-related mortality over the study period as shown in Table 2.2.  
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Figure 2.1: Crude age- and ethnicity-adjusted incidence rate of cirrhosis (per 100,000 people) 

in South Auckland, New Zealand by etiology for year 2000 to 2011. 

 

 

ALD – Alcoholic liver disease, NAFLD – Non-alcoholic fatty liver disease, CHB – Chronic hepatitis B, 

CHC-Chronic hepatitis C 
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Table 2.2: Crude age- and ethnicity-adjusted incidence rate ratio of cirrhosis aetiologies and 

cirrhosis outcomes, for the CMDHB population (Year 2000-2011) 

 

Aetiology of Cirrhosis Incidence Rate 

Ratio (IRR) 

Lower 

range 

Upper 

range 

p value 

ALD 0.976 0.969 0.983 <0.001 

NAFLD 1.049 1.039 1.060 <0.001 

HBV 0.929 0.923 0.936 <0.001 

HCV 1.004 0.996 1.012 0.355 

Outcomes  Incidence Rate 

Ratio (IRR) 

Lower 

range 

Upper 

range 

p value 

HCC incidence during follow-up 1.087 1.076 1.098 <0.001 

Incidence of symptomatic HCC 

at baseline diagnosis 

1.01 0.995  1.03 0.17 

Liver-related mortality 1.098 1.087 1.108 <0.001 

HCC-related mortality 1.114 1.099  1.13 <0.001 

Crude incidence rate ratio by Poisson loglinear regression analysis;  
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The total number of patients with documented liver cirrhosis under active follow-up was increased 

by more than five-fold over the last decade from 33 patients per 100,000 in 2001 to 169 per 100,000 

in 2011. This trend projection would indicate the cumulative number of active cases of cirrhosis 

patients would reach an estimated 300 per 100,000 by year 2023, all things being equal (Figure 2.2) 

 

Patients with ALD cirrhosis had the highest annual risk of developing cirrhosis complications over 

time (43.1 per 100 patient-year) compared with HBV cirrhosis (17.4 per 100 patient-year) and HCV 

cirrhosis (15.5 per 100 patient year, all p <0.05 in group comparisons), see table 2.3. The rates of 

cirrhosis complications were also higher in NAFLD cirrhosis compared to the viral hepatitis groups 

(31.1 per 100 patient-years, p<0.05). ALD cirrhosis patients were also more likely to develop 

variceal bleeding and hepatic encephalopathy compared to the other three groups (all p <0.05). 

With regards to HCC, HBV cirrhosis patients had significantly higher rate of HCC during follow-up 

compared with ALD and HCV groups (6.1 vs 3.3 vs 3.0 per 100 patient-year, respectively; all 

p<0.05) but similar rate to those with NAFLD cirrhosis (6.1 vs 4.5, p=0.10).  

 

Both NAFLD and HBV patients had a high rate of HCC presentation at baseline (2.7 and 2.9 per 

100 patient-years) compared to ALD and HCV groups, respectively (1.0 and 0.7, respectively, all 

p<0.05). Patients with ALD had the highest all-cause mortality and non-HCC related liver mortality 

compared to the viral hepatitis groups (see Table 2.3). This is likely to be related to higher rates of 

death from non-liver cancer (lung, oesophagus) and accidental/non-accidental injuries related to 

alcohol. Despite having a lower HCC incidence rate per 100 patient-years, the HCC related 

mortality in ALD patients was comparable to those of NAFLD and HBV patients (2.2, 3.0, and 3.1 

per 100 patient-year, respectively; all p>0.05).  
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Figure 2.2: Cumulative prevalence of cirrhosis under active follow-up in South Auckland, 

New Zealand by year between 2001-2023 (per 100,000 people) 
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Dashed line denotes projected cases over time. 
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 Table 2.3: Risk of cirrhosis complications and death in the CMDHB cirrhosis cohort 

 

ALD 

Group 1 

N=180 

NAFLD 

Group 2 

N=122 

HBV 

Group 3 

N=278 

HCV 

Group 4 

N=166 

P value 

Follow-up duration (patient-

year) 
579.9 334.2 1187.3 691.1  

All liver-related 

complications (per 100 

patient-year) 

43.1 31.1 17.4 15.5 #, $, +, ^ 

Variceal bleeding 7.9 6.9 1.7 2.5 *, #, $ 

SBP 3.6 2.1 1.3 1.6 #, $ 

HE 10.9 5.1 2.6 3.2 *, #, $ 

Ascites 17.4 12.6 5.7 5.2 #, $, + 

HCC 3.3 4.5 6.1 3.0 #, § 

 

Cirrhosis complication at 

first diagnosis (per 100 

patient-year) 

16.6 14.4 5.4 2.9 #, $, +, ^, § 

HCC at cirrhosis diagnosis 

(per 100 patient-year) 
1.0 2.7 2.9 0.7 #, ^, § 

Liver Transplantation (per 

100 patient-year) 
0.7 1.5 1.8 1.3 N.S. 

 

All-cause Mortality (per 100 

patient-year) 
15.0 12.9 6.4 4.6 #, $, ^ 

Non-HCC related 4.8 3.0 1.4 1.6 #, $ 

HCC related 2.2 3.0 3.1 1.4 § 

Cardiovascular 1.6 1.8 0.3 0.1 
#, $, +, ^ 

 

Non-HCC Malignancy 1.1 1.5 0.3 0.1 #, +, ^ 

Non-SBP Sepsis 1.9 0.3 0.7 0.1 #, $, ^ 

Other/unknown 3.4 3.3 0.6 1.3 #, $, +, ^ 

Comparison by Poisson loglinear or Cox regression analysis where appropriate, p value <0.05: *= 

Group 1 vs 2, #= Group 1 vs 3, $=Group 1 vs 4, + = Group 2 vs 3, ^= Group 2 vs 4, §= Group 3 vs 4, 

N.S. = not significant 
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Table 2.4: Multivariate analysis of predictors of cirrhosis complications and mortality in the CMDHB cirrhosis cohort 

 

 
Symptomatic hepatocellular 

carcinoma at baseline 

Liver-related mortality or liver 

transplant 

HCC-related mortality or liver 

transplant 

Variables aOR* (95% CI) p value aHR# (95% CI) p value aHR# (95% CI) p value 

Male gender 5.22 (2.15-12.68) <0.001 1.72 (1.12-2.63) 0.01 3.01 (1.56-5.80) 0.001 

Older age at baseline (per year) 1.07 (1.04-1.10) <0.001 1.04 (1.02-1.06) <0.001 1.06 (1.03-1.09) <0.001 

Significant alcohol use 1.48 (0.47-4.68) 0.50 0.83 (0.56-1.24) 0.37 0.78 (0.29-2.09) 0.62 

Cirrhosis aetiology       

ALD  1 reference 1 reference 1 reference 

NAFLD  4.78 (1.05-21.79) 0.04 1.56 (0.74-3.31) 0.24 1.65 (0.55-4.90) 0.37 

HBV  6.58 (1.42-30.39) 0.02 1.58 (0.76-3.31) 0.22 2.14 (0.74-6.19) 0.16 

HCV  4.97 (0.96-25.78) 0.06 1.99 (0.95-4.15) 0.07 2.43 (0.81-7.27) 0.11 

Ethnic group       

European 1 reference 1 reference 1 reference 

Asian 2.60 (0.80-8.46) 0.11 1.06 (0.59-1.87) 0.85 2.41 (1.04-5.54) 0.04 

Maori 3.47 (1.11-10.83) 0.03 1.66 (0.99-2.77) 0.06 4.13 (1.85-9.25) 0.001 

Indian 0.01 (0.00-0.01) 1.0 0.61 (0.32-1.16) 0.13 0.41 (0.09-1.82) 0.24 

Pacific People 6.09 (2.14-17.37) 0.001 1.64 (0.99-2.71) 0.05 3.02 (1.35-6.75) 0.01 

MELD score at baseline (per 

unit) 
1.07 (1.01-1.14) 0.02 1.09 (1.06-1.13) <0.001 1.08 (1.03-1.13) 0.001 

Baseline Albumin, g/L       

> 35 1 reference 1 reference 1 reference 

28 – 35 2.78 (1.25-6.15) 0.01 3.08 (1.98-4.79) <0.001 3.27 (1.80-5.93) <0.001 

< 28 2.84 (1.13-7.11) 0.03 3.75 (2.26-6.22) <0.001 2.69 (1.32-5.502) 0.01 
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Platelet count, x10
3
/mm

3
 (%)       

>150   1 reference 1 reference 

100-150   1.27 (0.87-1.87) 0.22 0.91 (0.55-1.49) 0.71 

<100   1.77 (1.19-2.64) 0.01 1.12 (0.65-1.92) 0.69 

* - Logistic regression analysis adjusted for gender, baseline age, cirrhosis etiology, ethnic groups, MELD score, baseline albumin, and significant alcohol use;  # - 

Cox regression analysis adjusted for gender, baseline age, cirrhosis etiology, ethnic groups, MELD score, baseline albumin, significant alcohol use and platelet 

count; aHR - adjusted hazard ratio; aOR - adjusted odds ratio  
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2.3.4 Predictors of Complications and Mortality  

Given the significant incidence of HCC at cirrhosis diagnosis, logistic regression analysis was 

performed to examine the risk factors for this; HBV and NAFLD cirrhosis when compared to 

ALD cirrhosis (OR 6.58, [1.42-30.39]; OR 4.78, [1.05-21.29], respectively), Maori and Pacific 

ethnicity (compared to European) were risk factors of HCC presentation at cirrhosis diagnosis 

(OR 3.47, [1.11-10.83] and OR 6.09, [2.14-17.37], respectively) after adjusting for host factors 

and severity of cirrhosis at baseline. On Cox regression analysis, Asian, Maori and Pacific 

people were ethnic predictors of HCC-related mortality or liver transplant (HR 2.41, [1.04-5.54]; 

HR 4.13, [1.85-9.25]; and HR 3.02, [1.35-6.75], respectively) when compared to European after 

adjusting for gender, age, significant alcohol use, cirrhosis aetiology, MELD score, albumin and 

platelet count at baseline (Table 2.4). Maori, Asian and Pacific people were associated with 

earlier HCC development after cirrhosis diagnosis compared to European ethnicity (HR 2.46, 

[1.30-4.67] for Maori; HR 1.88, [1.001-3.64] for Asian, and HR 2.89, [1.60-5.25] for Pacific 

people) after adjusting for gender, baseline age, MELD score, albumin levels, cirrhosis 

aetiology, and significant alcohol use (data not shown).  

 

2.4 Discussion 

This study underpins the impact of chronic liver disease in NZ. The epidemiology, liver 

complications and mortality of a South Auckland cohort of cirrhosis patients with four most 

common causes were described. This is the first cohort study from the South Pacific on the 

incidence, and outcomes of cirrhosis of different aetiology and this study highlights several 

important and changing epidemiological aspects of cirrhosis disease burden in the region. 

 

The diagnosis of HBV cirrhosis has decreased over last decade as shown by the IRR and is likely 

to be the result of several important interventions; first, the introduction of universal hepatitis B 

vaccination in 1990s into NZ.
261

 Second, the introduction of lamivudine in year 2000 which 
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reduced cirrhosis progression and complications.
221, 250, 262

 Finally, there was a large cohort of 

hepatitis B carriers detected through the national hepatitis B screening programme in early 

2000,
35

 which identified a large number of hepatitis B carriers. This decrease in HBV cirrhosis 

diagnosis was however not associated with a decrease in the complication rate or mortality rate 

in these patients. HBV cirrhosis was found to be a predictor of symptomatic HCC at cirrhosis 

diagnosis (along with NAFLD cirrhosis) compared to ALD cirrhosis. This suggested many cases 

of HBV cirrhosis in the NZ population are still undiagnosed; in particular there has been 

considerable immigration from HBV endemic regions (Pacific and Asia) in the last two decades.  

Of concern, the incidence rate of HCC (a major complication of HBV patients) among cirrhotic 

patients at diagnosis has not changed over 12 years. These findings highlight the ongoing 

importance of hepatitis B screening for at-risk ethnic groups facilitating appropriate follow up 

and referral. 

 

Consistent with the rising trend of obesity epidemic, there is an increase in the diagnosis of 

NAFLD cirrhosis. Obesity disproportionately affects Maori (~45%) and Pacific people (~62%); 

however, relatively low rate of NAFLD cirrhosis in these groups was seen, suggesting NAFLD 

cirrhosis may be under-diagnosed. The impact of NAFLD cirrhosis is significant among the 

study cohort, with the second highest rate of cirrhosis complications as well as high rates of all-

cause, cardiovascular-, and malignancy-related mortality. The high rate of NAFLD cirrhosis 

diagnosis by cirrhosis complication also supported the notion that NAFLD cirrhosis is often 

under-recognized and diagnosis delayed, especially in the primary care setting.
248, 263

 In other 

parts of the world, NAFLD is the third commonest indication for OLT in 2009 and will become 

the most common indication for OLT in the future.
264

 In a US cohort study of veterans, the 

prevalence of NAFLD has more than doubled from 2003 through 2011 and there was a rising 

incidence in those aged 45 years and younger.
265

 The disease burden of NAFLD is like to 

continue to impact the NZ community significantly and NAFLD cirrhosis patients in NZ are 
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likely to be younger over the next three to four decades with the increasing prevalence of 

childhood obesity.
38

  

 

High rates of hazardous alcohol consumption and the increasing rates of obesity with the 

associated metabolic complications are likely to contribute to an ongoing rise in the numbers of 

those with non-viral cirrhosis over the next two decades.
266

 Abstinence is the most important 

intervention that improves survival in ALD patients but is seldom achieved long term.
267

 In the 

present study, ALD patients were the mostly likely to present with symptomatic complications at 

cirrhosis diagnosis (baseline), and have the highest mortality from non-HCC liver complications, 

cardiovascular causes. These may be resulted from poor adherence to medications, clinic follow-

up, surveillance scans, therefore ALD patients often present with symptoms of advanced 

cirrhosis and complications. At the primary care level, clinicians should be vigilant in taking a 

thorough alcohol history by screening with CAGE question
268

 as well as checking for clinical 

and biochemical signs of cirrhosis which would predict the cirrhosis outcomes and mortality 

(Table 2.4). At the population level, health promotion and public health policies is required to 

reduce the harm of alcohol.  

 

The current study showed similar incidence of HCC and liver complications in HCV cirrhosis 

patients to the study by Sangiovanni and colleagues, of 17-year follow-up.
269

 A recently more 

updated data from the Global Burden of Disease Study showed that there was an increased 

cirrhosis and HCC due to HCV but also rising disease burden from ALD and HBV.
160, 270

 In NZ, 

the referred HCC cases to the National Hepatoma Service has increased by more than 10% each 

year; the major contributor for this was HCV-related HCC.
271

 Many HCV cirrhotic patients are 

not suitable for interferon based therapy and cure rates are poor,
272

 however with the advent of 

non-interferon oral-base direct antiviral agents (DAA) for HCV infection on the horizon it is 

likely that many HCV cirrhotic patients will be successfully treated in the near future. Studies 
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have already established the effectiveness of DAAs in HCV patients with cirrhosis, with or 

without previous exposure to interferon therapy.
273

 It is likely that the cohort with the earliest 

access to DAA therapy will be those with advanced liver cirrhosis. Although this should reduce 

the incidence of decompensation, it will paradoxically increase the number of cirrhotic patients 

and could lead to continued increase in HCC cases and liver mortality over the next two decades 

as a recent analysis suggested.
274

 With time, there will be a reduction in the liver complications, 

liver-related mortality and OLT in the future however the high cost barrier of DAA treatment 

may be the deterrent of its availability in many countries. 

 

The incidence of symptomatic HCC presentation at baseline has not changed significantly over 

the 12-year period.  Furthermore, the mortality rates associated with cirrhosis patients increased 

over the study period. The rising incidence of HCC is a concern in the South Auckland region. In 

terms of ethnicity, Maori and Pacific people were the predictors of symptomatic HCC, compared 

with Europeans. These two ethnic groups (Maori and Pacific people) were also significant 

predictors of HCC-related mortality even after adjusting for age, gender, aetiology, and severity 

of cirrhosis. There are several possible explanations for these findings: among the Maori and 

Pacific people, obesity and metabolic syndrome are much more prevalent, which is also a 

predictor of cirrhosis morbidity and mortality.
166

 Furthermore, poorer health and healthcare 

access are likely to contribute the disparity in the liver disease outcomes.
275

 In addition, the 

increasing incidence of symptomatic HCC at cirrhosis diagnosis suggests screening for advanced 

liver disease and surveillance for HCC are important in specific high-risk groups such that the 

effect of immigration has seen large number of positive HBsAg cases requiring monitoring and 

treatment. It will be many years before the benefit of neonatal HBV vaccination is observed in 

the prevalence of HBV and HBV-related HCC. This effect in the increase in HBV carrier 

population is supported also by a recent study showing the increase in chronic HBV in Western 
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Australia related to Asian and African immigrants, with an estimated cost increase of 400% over 

the next ten years.
276

 

 

There are several limitations to this study. Some patients with stable cirrhosis may have their 

follow up under private specialists therefore not included in the CMDHB database. 

Notwithstanding this, all cirrhosis patients with complications would be referred or admitted to 

hospitals in the wider Auckland region for further care, which would be captured on the 

computer database from which the study data was extracted. Given the retrospective nature of 

the study, the complete data for anthropometry or metabolic syndrome for the whole cohort or 

specifically for the NAFLD group is lacking. Furthermore, the HCC tumour stage and therapy 

were not assessed, which are all important clinical factors in survival of HCC patients.  

 

2.5 Conclusion 

The burden of advanced liver disease is steadily rising in South Auckland, NZ and is associated 

with rising morbidity and mortality. Chronic HBV, ALD, HCV and NAFLD are the common 

aetiologies of cirrhosis in NZ. Public health strategies focusing on risk factors such as excessive 

alcohol use and obesity are required to reduce the impact of non-viral liver disease. Targeted 

screening the at-risk groups such as those with obesity and DM for NAFLD cirrhosis and Asian 

and Pacific immigrants for occult HBV infection. Such manner of surveillance may facilitate 

early detection of liver disease allowing early and effective intervention and may have an impact 

on the development of cirrhosis and its complications. 
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Chapter 3 Metabolic Syndrome and HBeAg Seroclearance 
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This study was published as “Hsiang JC, Wong GL, Chan HL, et al. Metabolic syndrome delays 

HBeAg seroclearance in Chinese patients with hepatitis B. Alimentary Pharmacology 

Therapeutics 2014;40:716-26” 

 

3.1 Introduction 

In Asia where chronic HBV is endemic, HBV infection is an important etiology of cirrhosis and 

HCC.
89

 Metabolic syndrome and related factors such as type II diabetes and obesity have 

received much attention as important risk factors for cirrhosis
195, 211

 and HCC,
103

 despite the 

inverse association between MetS and hepatitis B virus as discussed in Chapter 1.2.1.
175

 It 

remains unclear what mechanism is driving the increased risk of cirrhosis and HCC among HBV 

patients with MetS; whether it is related to viral factor or through hyperinsulinaemia
207, 277

 and 

NASH-associated pathways.
167

 

 

Most Asian patients acquire HBV perinatally, and usually have long periods of immune 

tolerance,
278

 followed by the immune clearance phase with subsequent loss of HBeAg; 

development of antibodies to HBeAg (anti-HBe) may occur. This important milestone of HBeAg 

seroconversion is associated with sustained decrease in HBV DNA levels
279

 and reduced risk of 

cirrhosis in most patients.
202

 Delayed HBeAg seroconversion (after the age of 40 years) 

however, has previously been shown to be a predictor of reactivation of hepatitis and carry an 

increased risk of progression to cirrhosis and HCC as discussed in Chapter 1.2.1.
280

  

 

As discussed in Chapter 1.2.1, thus far there is little evidence to support the influence of hepatic 

steatosis on virological response. On the other hand, the effect of steatosis, obesity and MetS on 

the virological changes of untreated and patients receiving NA is unclear. Therefore the aim of 

this study is to examine whether MetS would influence on HBeAg seroclearance in Chinese 

HBV patients and secondly determine which metabolic risk factors predict delayed HBeAg 

seroclearance. This may shed light on the mechanism linking MetS and HCC in HBV patients. 
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3.2 Materials and Methods 

3.2.1 Study population 

Consecutive chronic HBV patients with positive HBeAg who underwent liver biopsy or transient 

elastography between 2005-2012 were prospectively collected and followed up. All patients 

were ethnic Chinese and were positive for HBsAg for over 6 months. Patients were excluded if 

they had: 1) HCV or HIV co-infection, 2) other causes of hepatitis, including autoimmune liver 

disease, Wilson‟s disease, and haemochromatosis, 3) more than 20g of alcohol consumption per 

day, 4) previous exposure to interferon therapy (as this works as an immunomodulator and may 

induce HBeAg seroconversion even after cessation of therapy), 5) follow-up period less than 12 

months. This study was approved by the Clinical Research Ethics Committee of the Chinese 

University of Hong Kong.  

 

3.2.2 Liver fibrosis assessment 

All patients underwent liver fibrosis assessment using liver biopsy and/or LSM by transient 

elastography (Fibroscan, Echosens, Paris France) and comprehensive laboratory and radiological 

assessment, including abdominal ultrasonography. A patient was considered to have advanced 

fibrosis if he/she had high LSM according to the ALT-based algorithm; with cut-off of 9.0kPa if 

ALT was within normal range and 12.0kPa if ALT was one to five times the ULN.
281

  

 

Alternatively, percutaneous liver biopsy was performed using a 16G Temno needle. Liver 

histology was assessed by two experienced pathologists specialized in liver diseases. A liver 

biopsy core sample was considered adequate if it was longer than 15mm and contained six or 

more portal tracts. Ishak (modified Knodell score) was used for assessment of fibrosis and 

necroinflammation. Fibrosis score of four or more (fibrous expansion of portal areas with 



 

 

68 

marked bridging) was considered to be advanced fibrosis. The presence of NASH and hepatic 

steatosis was graded according to the Brunt criteria.
282

 

 

3.2.3 Anthropometric evaluation 

All patients had anthropometric measurements including BMI, and waist and hip circumference. 

Body mass index was classified into categories according to the World Health Organization 

(WHO) recommendations for Asians; normal weight was BMI <23kg/m
2
, overweight was 

defined as BMI ≥23 kg/m
2
, and obesity BMI ≥25 kg/m

2
, and moderate obesity as BMI 

≥27.5kg/m
2
.
283

 MetS was defined according to 2009 International Diabetes Federation (IDF)
178

 

as per Table 1.5, with three or more of the following: central obesity (defined by waist 

circumference for Asian men (>90cm) and Asian women (>80cm)), elevated triglycerides: 

≥1.7mmol/L or on specific lipid-lowering treatment; reduced high HDL cholesterol 

<1.03mmol/L in men and <1.29 in women, or on specific lipid-lowering treatment; fasting blood 

glucose ≥5.6 mmol/L or diagnosis of type II DM; elevated blood pressure (≥130/85 mmHg) or 

the use of antihypertensive treatment. The patients were classified into three groups given MetS 

has a spectrum of severity; normal (group 1), without any MetS components such as central 

obesity, dyslipidaemia, hypertension, or impaired fasting glycaemia; pre-MetS (group 2), defined 

as those with the presence of one to two MetS components; and MetS (group 3) as defined 

above. The homeostatic model assessment of insulin resistance (HOMA-IR) was also assessed in 

these patients. 

 

3.2.4 Clinical evaluation 

Patients were prospectively followed up every 3 to 6 months with monitoring of liver 

biochemistry, HBeAg and anti-HBe status.  The initiation of antiviral treatment was a joint 

decision between the patient and the physician according to the guidelines of the Asian Pacific 

Association for the Study of the Liver.
284

  HBeAg seroclearance was defined as HBeAg loss with 
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or without the presence of anti-HBe upon serial testing. Two negative HBeAg results at six 

months apart were considered true HBeAg loss. HBV DNA was measured every six to twelve 

months by Taqman realtime polymerase chain reaction assay validated against the EUROHEP 

standard with a linear range of detection from 20 to 2x10
8
 IU/mL. HBV genotyping was 

performed with the initial serum sample at the time of patient enrollment. All patients were 

followed up to the census date of 1
st
 November 2013. In 80 patients, insulin and adiponectin 

levels were performed using enzyme-linked immunosorbent assay and Bio-Plex Pro Human 

Diabetes Panel, respectively. 

 

3.2.5 Statistical Method 

Statistical analysis was performed by SPSS version 21.0 (IBM, Armonk, New York, USA). 

Continuous variables were expressed in mean  S.D. or median (range) as appropriate. 

Comparisons between groups were analyzed using chi-square (
2
) test or Fisher‟s exact test for 

categorical variables, and student t-test or Mann-Whitney test for continuous variables as 

appropriate. Factors predicting delayed age at HBeAg seroclearance were analyzed by Cox 

proportional hazard analysis.  Any factors with p<0.1 were entered into multivariate analysis to 

determine the significant factors of delayed HBeAg seroclearance. Given age at HBeAg 

seroclearance is an important determinant of patient‟s prognosis to cirrhosis and HCC, and the 

risk of metabolic syndrome increases with age, the age at HBeAg seroclearance (or age at the 

census date) was used as the time dependent variable. Kaplan Meier analysis and log-rank test 

were used to analyze the differences in age at HBeAg seroclearance between groups and other 

time-dependent analysis. A p-value <0.05 (two-sided) was considered significant.  
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3.3 Results 

There were a total of 413 patients; 162 treatment-free patients and 251 treated patients (Figure 

3.1). Patients with MetS and pre-MetS were older (49 10 and 42 12 years, respectively) than 

those in the normal group (35 10 years) (all p<0.001) (Table 4.1). Patients were followed more 

than 57.4 months in all three groups (Table 3.1). Approximately half of the MetS group (46.9%) 

had history of type II diabetes at baseline. Patients with MetS had higher BMI than those with 

pre-MetS and normal metabolic profile (27.1 5.3 kg/m
2
 vs 23.5 3.5 kg/m

2
 vs 20.7 2.4 kg/m

2
, 

all group comparisons p<0.001), respectively.  Patients with MetS and pre-MetS also had more 

central obesity (Waist-hip ratio (WHR) – women ≥0.85, men ≥0.9) than the normal group in 

women (WHR 0.98 0.04 vs 0.86 0.10 vs 0.79 0.04, all group comparisons p<0.001 except for 

pre-MetS vs MetS, p=0.25), and men (WHR 0.93 0.05 vs 0.90 0.07 vs 0.85 0.05, all group 

comparisons p<0.05), respectively. 124 patients had liver biopsy overall; 49, 49 and 26 patients 

in normal, pre-metabolic syndrome and metabolic syndrome patients, respectively.  Paired liver 

biopsy and LSM data were available in 105 patients; the agreement rate was 83.3% in these 

patients according to the ALT-based algorithm. 
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Figure 3.1: Study patient flow 
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3.3.1 Virological response 

While the patients with MetS and pre-MetS were older at baseline than the normal group, the 

HBV viral load at baseline, at 12-month and year 2 however were comparable between groups. 

Similar time-response relationship were also seen in the median time to HBeAg seroclearance 

among the three groups, except the pre-MetS group had shorter time to HBeAg seroclearance 

compared to the normal group, 5.84±0.56 and 5.06±0.84 years, respectively (log rank, p=0.03). 

The rates of antiviral therapy-induced HBeAg seroclearance at 12-months were similar between 

the normal, pre-MetS, and MetS groups (11.6% vs 12.5% vs 20.1%, p>0.05 for group 

comparisons by log-rank), respectively. The rates of spontaneous HBeAg seroclearance at 12-

month were also similar between the normal, pre-MetS and MetS groups (11.3% vs 12.4% vs 

11.1%, respectively, all p>0.05). The overall HBeAg seroclearance rate during the total follow-

up of 19351 patient-months was 44.8% (185/413) with an average HBeAg seroclearance rate per 

year of 11.4%. 76.8% of those who had HBeAg seroclearance had HBeAg seroconversion. 

Despite no differences in the rate of HBeAg seroclearance among groups as shown in Table 3.2, 

the patients with pre-MetS and MetS developed HBeAg seroclearance at an older age (44 12 

years and 53 7 years, respectively) than the normal patients (37 9 years, all p <0.01) (Figure 

3.2).  

 

Most of the patients receiving antiviral therapy were treated with entecavir (69.7%), and 

tenofovir (12.4%) at the time of HBeAg seroclearance. There was no difference in the duration 

of NA therapy between the normal, pre-MetS and MetS patients before HBeAg seroclearance 

(37.3 20.4 months, 40.9 21.8 months, and 36.3 22.5 months respectively, all p>0.05). 
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Figure 3.2: Proportion of e-antigen positive chronic hepatitis B patients achieving HBeAg 

seroclearance at different ages by metabolic characteristics 
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Table 3.1: Baseline clinical, biochemical and histological characteristics in normal (group 1), pre-metabolic syndrome (group 2) and metabolic 

syndrome (group 3) patients with e-antigen positive treatment naïve chronic hepatitis B infection 

 

Group 1 

Normal 

N=158 

Group 2 

Pre-metabolic Syndrome* 

N=194 

Group 3 

Metabolic Syndrome** 

N=61 

P value 

1 vs. 2 1 vs. 3 2 vs. 3 

Mean follow-up (month) 57.4±18.8 57.7±18.7 60.4±13.6 0.89 0.20 0.22 

Baseline Age (year) 35±10 42±12 49±10 <0.001 <0.001 <0.001 

Male gender (%) 89 (56.3%) 117 (60.3%) 48 (75%) 0.45 0.01 0.03 

Clinical & Biochemical   

History of type II diabetes 0 12 (6.2%) 30 (46.9%) 0.001 <0.001 <0.001 

Body Mass Index (kg/m
2
)   

<23 127 (80.4%) 93 (47.9%) 4 (6.3%) 

<0.001 <0.001 <0.001 
23-25 24 (15.2%) 47 (24.2%) 15 (23.4%) 

25.1-27.5 7 (4.4%) 31 (16.0%) 25 (39.1%) 

>27.5 0 (0%) 23 (11.9%) 20 (31.3%) 

Waist-hip ratio   

Female 0.79±0.04 0.86±0.10 0.89±0.04 <0.001 <0.001 0.25 

Male 0.85 0.05 0.90±0.07 0.93±0.05 <0.001 <0.001 0.003 

Systolic BP (mmHg) 113±9 127±19 140±17 <0.001 <0.001 <0.001 

Diastolic BP (mmHg) 68±8 76±12 82±15 <0.001 <0.001 0.001 

ϒ-glutamyltransferase (GGT) 43±31 64±54 65 51 0.04 0.04 0.93 

Alanine aminotransferase (ALT) 84±117 88±159 85±52 0.81 0.96 0.84 

Albumin (g/L) 44±4 43±3 42±4 0.23 0.03 0.09 
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Total Bilirubin 15±8 14±7 17±24 0.12 0.49 0.25 

Triglyceride (mmol/L) 0.87±0.30 1.12±0.54 1.70±0.79 <0.001 <0.001 <0.001 

HDL Cholesterol (mmol/L) 1.83±0.42 1.60±0.44 1.32±0.44 <0.001 <0.001 <0.001 

Fasting glucose (mmol/L) 4.6±0.4 4.8±0.7 6.2±1.6 0.001 <0.001 <0.001 

Histological & Viral Characteristics   

Advance Fibrosis# 29/158 (18.4%) 64/194 (33%) 34/64 (53.1%) 0.002 <0.001 0.01 

Hepatic Steatosis ≥34%^ 1/49 (2%) 4/49 (8.2%) 10/26 (38.5%) 0.36 <0.001 0.003 

Histological NASH^ 1/49 (2%) 9/49 (18.4%) 10/26 (38.5%) 0.02 <0.001 0.05 

Genotype C (%) 82/137 (59.9%) 115/168 (68.5) 37/59 (62.7%) 0.12 0.71 0.42 

Baseline HBV DNA (IU per ml)   

<2x10
3
 3 (1.9%) 3 (1.5%) 0 (0%) 

0.38 0.70 0.32 
2x10

3
 – <2x10

4
 5 (3.2%) 10 (5.2%) 1 (1.6%) 

2x10
4
 – <2x10

5
 15 (9.5%) 22 (11.3%) 7 (11.5%) 

≥2x10
5
 135 (85.4%) 159 (82%) 53 (86.9%) 

BP – blood pressure; * - Pre-metabolic syndrome is defined as having one to two components of the metabolic syndrome; ** - Metabolic syndrome is defined by 

International Diabetes Federation 2006 consensus.; # - Advance fibrosis is defined by Ishak fibrosis ≥4 or LSM ≥9.0kPa (normal ALT) or ≥12.0kPa (ALT >1-5 

times ULN); ^ - Steatosis/NASH result only available in 124 patients with liver histology assessment 
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Table 3.2: Characteristics of virological outcomes and adipokine levels in normal (group 1), pre-metabolic syndrome (group 2) and metabolic 

syndrome (group 3) Chinese patients with e-antigen positive chronic hepatitis B infection 

 
Group 1 

Normal 

N=158 

Group 2 

Pre-metabolic 

Syndrome* 

N=194 

Group 3 

Metabolic 

Syndrome** 

N=61 

p value 

1 vs. 2 1 vs. 3 2 vs. 3 

12-month HBeAg Seroclearance rate   

Spontaneous HBeAg seroclearance 

at 12-month 
11.3% 12.4% 11.1% 0.45 0.08 0.051 

Spontaneous HBeAg seroclearance / 

Total (%) 
34/80 (42.5%) 33/73 (45.2%) 1/9 (11.1%)  

Antiviral therapy-induced HBeAg 

seroclearance 

at 12-month 

11.6% 12.5% 20.1% 0.09 0.06 0.56 

Treatment-induced HBeAg Seroclearance/ 

Total (%) 
31/78 (39.7%) 60/121 (49.6%) 26/52 (50%)  

Median HBV DNA level  

(range) - log IU/ml 
  

Baseline  
7.32 

(1.82-8.90) 

6.63 

(1.24-8.84) 

6.61 

(3.65-8.33) 
0.19 0.05 0.95 

At 12-month 
2.34 

(0-7.98) 

1.65 

(0-6.01) 

2.27 

(0-7.26) 
0.24 0.81 0.47 

Viral load drop at 12-month  
-5.22 

-(0.02-8.25) 

-5.59 

-(1.14-8.34) 

-5.44 

-(1.35-8.04) 
0.67 0.83 0.57 

At year 2 
0 

(0-6.41) 

0 

(0-7.24) 

0 

(0-6.61) 
0.50 0.79 0.74 

At year 3  
0 

(0-6.18) 

0 

(0-6.42) 

0 

(0-8.41) 
0.05 0.69 0.13 
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At year 4 
0 

(0-7.43) 

0 

(0-8.06) 

0 

(0-4.36) 
0.73 0.56 0.36 

Median time to HBeAg seroclearance (years) 5.84±0.56 5.06±0.84 4.75±1.47 0.03 0.15 0.97 

Baseline HOMA-IR (range)
#
 

1.99 

(0.16-33.4) 

2.22 

(0.26-39.08) 

10.62 

(1.46-71.89) 
1.0 <0.001 0.004 

Baseline Log10 Adiponectin (range)
#
 

7.37 

(6.83-7.29) 

7.23 

(7.00-7.71) 

7.08 

(6.73-7.67) 
0.21 0.02 0.29 

* - Pre-metabolic syndrome is defined as having one to two components of the metabolic syndrome; ** - Metabolic syndrome (MetS) is defined by 

International Diabetes Federation 2006 consensus; 
#
 - HOMA-IR and adiponectin levels available in 29, 30 and 21 patients in the normal, pre-MetS, 

and MetS groups, respectively 
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3.3.2 Predictors of delayed HBeAg seroclearance 

In order to examine the effect of MetS on HBeAg seroclearance, Kaplan Meier analysis was 

performed on the three groups (Figure 3.3). By the age of 50 years, 59.3% of the patients in the 

normal group, 41.2% of patients with pre-MetS and only 18.7% of the patients with MetS have 

developed HBeAg seroclearance (overall log-rank p<0.001).  

 

By univariate analysis, MetS, high HBV DNA, ALT and NA treatment were associated with 

delayed HBeAg seroclearance as shown in Table 3.3. Genotype C status and histological NASH 

(in 20 of 124 liver biopsies) were not associated with delayed HBeAg seroclearance, (HR 0.91, 

[0.65-1.28], and HR 0.75, [0.38-1.47], respectively). By multivariate analysis, MetS (HR 0.497, 

[0.31-0.79], p=0.003) and to a lesser degree pre-MetS, (HR 0.67, [0.48-0.94], p=0.02) remained 

as independent factors associated with delayed HBeAg seroclearance. When the components of 

MetS were separately analysed in multivariate fashion (model 2, Table 3.4), individual MetS 

components were not predictors of delayed HBeAg seroclearance. However the presence of DM 

at baseline was a predictor (HR 0.55, [0.32-0.97], p=0.04) after replacing impaired 

hyperglycemia as a variable, adjusted for other components of MetS. 
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Figure 3.3: Kaplan-Meier analysis of age at HBeAg seroclearance of e-antigen positive 

chronic hepatitis B Chinese patients by metabolic characteristics 
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Table 3.3: Cox Regression univariate analysis of factors associated with delayed hepatitis B 

e antigen seroclearance in Chinese chronic hepatitis B patients 

Factors Hazard ratio (95% CI) p value 

Male gender 0.91 (0.68-1.22) 0.53 

Genotype C (vs B) 0.91 (0.65-1.28) 0.58 

BMI >27.5kg/m
2
 0.93 (0.58-1.49) 0.76 

Degree of metabolic syndrome   

Normal 1 reference 

Pre-metabolic syndrome* 0.64 (0.47-0.89) 0.01 

Metabolic Syndrome*** 0.43 (0.27-0.69) <0.001 

HOMA-IR^ 1.004 (0.99-1.02) 0.67 

Adiponectin^ 1.42 (0.41-4.91) 0.58 

Baseline HBV DNA (IU per ml)   

<2x10
3
 1 reference 

2x10
3
 – <2x10

4
 0.24 (0.08-0.73) 0.06 

2x10
4
 – <2x10

5
 0.18 (0.07-0.48) 0.001 

≥2x10
5
 0.23 (0.09-0.56) 0.001 

ALT (per unit increase) 1.001 (1.000-1.002) 0.008 

Hepatic Steatosis 34% 0.69 (0.32-1.53) 0.36 

Advanced fibrosis
#
 0.78 (0.84-1.05) 0.10 

Non-alcoholic steatohepatitis
§
 0.75 (0.38-1.47) 0.39 

Antiviral Therapy*** 0.69 (0.52-0.94) 0.02 

Time dependent variable: Age at HBeAg seroclearance; # - Advance fibrosis is defined by Ishak 

fibrosis ≥4 or LSM ≥9.0kPa (normal ALT) or ≥12.0kPa (ALT >1-5 times ULN).  

* - Pre-metabolic syndrome is defined as those with one to two components of the metabolic 

syndrome 

** - Metabolic syndrome as defined by International Diabetes Federation criteria 

*** - Patients received any nucleos(t)ide analogue therapy and interferon-free 

^ - HOMA-IR and adiponectin levels available in 80 patients; 
§
 - Non-alcoholic steatohepatitis is 

defined by Brunt criteria
282

 and result available in 129 liver biopsies. 
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Table 3.4: Multivariate analysis by Cox Regression of factors associated with delayed 

hepatitis B e antigen seroclearance in Chinese chronic hepatitis B patients 

 Model 1  Model 2  Model 3  

 
Hazard ratio 

(95% CI) 

P 

value 

Hazard ratio 

(95% CI) 

P 

value 

Hazard ratio 

(95% CI) 

P 

value 

Alanine 

Aminotransferase  

(per unit increase) 

1.001 

(1.001-1.002) 
<0.001 

1.001 

(1.001-1.002) 
<0.001 

1.001 

(1.001-1.002) 
<0.001 

Baseline HBV DNA 

(IU per ml) 
      

<2x10
3
 1  1  1  

2x10
3
 – <2x10

4
 

0.23 

(0.08-0.72) 
0.01 

0.29 

(0.09-0.89) 
0.03 

0.26 

(0.08-0.81) 
0.02 

2x10
4
 – <2x10

5
 

0.19 

(0.07-0.52) 
0.001 

0.19 

(0.07-0.52) 
0.001 

0.21 

(0.08-0.56) 
0.002 

≥2x10
5
 

0.27 

(0.11-0.68) 
0.005 

0.27 

(0.11-0.68) 
0.005 

0.28 

(0.11-0.68) 
0.006 

Antiviral therapy* 
0.696 

(0.50-0.96) 
0.03 

0.73 

(0.53-1.02) 
0.06 

0.74 

(0.54-1.02) 
0.07 

Metabolic syndrome** 
0.65 

(0.43-0.98) 
0.04     

Central obesity   
0.81 

(0.59-1.12) 
0.20 

0.81 

(0.59-1.11) 
0.19 

Elevated triglyceride 

at baseline 
  

0.83 

(0.51-1.34) 
0.44 

0.85 

(0.52-1.37) 
0.49 

Low HDL at baseline   
1.13 

(0.66-1.95) 
0.65 

1.23 

(0.72-2.12) 
0.45 

Hypertension at 

baseline 
  

0.64 

(0.37-1.08) 
0.09 

0.67 

(0.40-1.13) 
0.13 

Elevated fasting 

glucose at baseline 

(>5.6mmol/L) 

  
0.80 

(0.52-1.25) 
0.33   

Type II DM at 

baseline 
    

0.55 

(0.32-0.97) 
0.04 

Time dependent variable: Age at HBeAg seroclearance; * - patients received any nucleos(t)ide analogue 

therapy and interferon-free; ** - metabolic syndrome as defined by International Diabetes Federation 

criteria 
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3.4 Discussion 

MetS is increasingly prevalent worldwide,
285, 286

 and the evidence of its detrimental effect in 

hepatitis B patients is only just accumulating.
125, 195, 211, 287

 The current study findings suggest 

delayed HBeAg seroclearance through the presence of MetS may be a plausible mechanism 

linking MetS to adverse events in CHB patients.  

 

In this study, patients with MetS and also those with one to two clinical components of MetS, yet 

to have fully established MetS, had HBeAg seroclearance at a later age than those with normal 

metabolic characteristics. It is known that the abdominal distribution of body fat is a risk factor 

for development of DM and cardiovascular disease.
288

 The study results showed the patients with 

pre-MetS have higher WHR, blood pressure, triglyceride level, and fasting glucose level 

compared to the normal group. The patients in the pre-MetS group were considered to have 

metabolic features in the spectrum of insulin resistance but not to the degree of the MetS group 

and this was seen through the effect of delayed HBeAg seroclearance in Figure 3.3.  Those with 

MetS were older than those in the pre-MetS or the normal group. All the patients in this study 

were treatment-naïve at the time of study enrollment, which suggests the persistence of HBeAg 

positivity or failure to clear the virus during immune clearance phase in those with early features 

of insulin resistance and established MetS. Furthermore the predictors of early HBeAg 

seroconversion: the baseline viral load, genotype and ALT levels and the degree of viral load 

changes at 48 weeks, time to HBeAg seroclearance were comparable between the three groups. 

The higher proportion of advanced liver fibrosis in HBeAg positive pre-MetS and MetS patients 

also reflect that hyperinsulinemia may play a possible role in hepatic necroinflammation through 

viral hepatitis flares and rise in ALT levels without the early clearance of HBeAg in the immune 

clearance phase or the development of HBeAg seroreversion thereafter.  

 



 

 84 

There was no association between severe hepatic steatosis, NASH, elevated BMI and delayed 

HBeAg seroclearance, suggesting the presence of these intrahepatic parenchymal and obesity-

related factors may not influence the underlying virological response per se. Furthermore, the 

study does not support the study findings by Chu and colleagues, that the presence severe hepatic 

steatosis on abdominal ultrasonography and increased BMI (both may be non-specific markers 

of insulin resistance) can accelerate hepatitis B surface antigen seroclearance by five years,
192

 

given it has been shown in this study that the significantly delayed age at HBeAg seroclearance 

even in HBV patients with just one to two components of MetS.  

 

The current study could not shed light on the mechanism for delayed HBeAg seroclearance in 

patients with MetS. Several cross-sectional studies that support the positive association between 

HBV viral load and adiponectin levels
181, 289

 so one may infer that the state of hyperinsulinemia 

would suppress the viral replication. As cirrhosis is more common in patients with MetS and the 

metabolism and excretion of adiponectin is reduced in cirrhosis, adiponectin level will be 

elevated among cirrhotics.
290

 Furthermore, leptin level is higher in HBV patients with more 

advanced liver fibrosis.
291

 Therefore the interplay between adiponectin and other insulin 

resistance-associated adipokines during the progression of liver cirrhosis is likely to be dynamic 

and complex. In addition, adiponectin and leptin (also resistin) have been shown to have 

complex and opposite effect on cytokine production as well as modulation of T-cell 

responses.
292, 293

 Whether or not these adipokines and their opposing forces would impede viral-

particle specific CD4+ and CD8+ T-cell responses to aid viral clearance is an area requires 

further research. There has only been one study examining adiponectin levels in HBV patients 

with or without cirrhosis which showed adiponectin did not contribute to the development of 

HBeAg seroconversion in 25 patients, however whether elevated insulin or leptin correlated with 

HBeAg seroconversion was not elucidated in this study.
290

 Manolakopoulos and colleagues 

examined the relationship between virologic response and leptin levels demonstrated that in 
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HBV patients, those who experienced virologic response (defined by undetectable HBV DNA 

and normalization of ALT) on antiviral treatment (19 of 25, 76%) had a lower leptin level than 

the non-responders (5334 vs 13111 pg/ml; p=0.003).
291

  In terms of immune response among 

type II DM patients, a meta-analyses demonstrated DM is an independent predictor of impaired 

immune response and failed seroprotection to HBV vaccine in the adult dialysis population, 

(pooled odds ratio=0.52, 95% CI [0.38-0.71]).
294

 In mice model, obese mice when exposed to 

hepatitis B vaccine, showed reduced cell-mediated immunity, humoral immunity as well as 

tumour necrosis factor α production through innate immunity.
295

 

 

Further studies are needed to validate these study findings and also focus on the effect of MetS 

or DM in immune response of patients with HBV infection. Ideally, performing a study 

examining HBeAg seroconversion with a larger cohort of younger patients and a longer follow-

up would be of merit to determine the natural history of chronic HBV infection in patients with 

central obesity before the development of MetS. This approach could not be achieved through 

the hospital-cohort patients with the truncation of younger aged patients. As seen in the study 

cohort, older age and metabolic syndrome are often coupled together. Therefore in the Kaplan-

Meier and Cox regression analysis, instead of using the time from baseline to HBeAg 

seroclearance as the endpoint, the age at HBeAg seroclearance was used as the time dependent 

variable. The similar baseline viral load despite the age differences between the three groups, is 

unexplained and is probably driven by the adiponectin level.
181, 289

 It has been suggested that a 

high HBV viral load is important to keep chronic HBV patients in immunotolerant phase.
296

 The 

other limitation of this study is that one could not determine if metabolic risks modification 

through lifestyle changes, during the follow-up period would influence the immune virological 

response and eventually clinical outcomes. Regardless, one recent study showed that those with 

coincidental MetS have increased risk of liver fibrosis progression and those with resolved MetS 

during follow-up of 44 months, however did not have significant liver fibrosis regression on 
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multivariate analysis.
287

 It would be vital to see if by improving insulin sensitivity through 

lifestyle modification or medications would affect the virological and hepatic outcomes in 

patients with HBV. The study results showed that antiviral therapy was a predictor of delayed 

HBeAg seroclearance in multivariate analysis, this is likely to be a false-negative as patients 

with high viral load and elevated ALT who did not develop spontaneous HBeAg seroclearance 

are likely to be treated with NA to induce HBeAg loss and viral suppression.  

 

3.5 Conclusion 

The current study supports the increased risk of cirrhosis and HCC among HBV patients with 

MetS may be through delayed HBeAg seroclearance, among treatment-free and treated Chinese 

HBV patients. 
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Chapter 4 Hepatitis B Cirrhosis and Type 2 Diabetes 
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This study was published as “Hsiang JC, Gane EJ, Bai WW, et al. Type 2 diabetes: A risk factor 

for liver mortality and complications in hepatitis B cirrhosis patients. Journal of 

Gastroenterology Hepatology 2015;30:591-9.” 

 

4.1 Introduction 

The HBV causes chronic hepatitis, cirrhosis and HCC, making it one of the major causes of 

death worldwide.
30

 The presence of cirrhosis is a major risk factor of morbidity and mortality in 

HBV patients as alluded to in Chapter 1.
246, 297

 Several host factors have been shown to 

contribute to fibrosis progression including age, gender and alcohol consumption.
298

 As 

discussed in Chapter 1.2.2, several studies have demonstrated that DM,
210

 MetS,
195

 and elevated 

BMI
197

 can increase the risk of advanced liver fibrosis in HBV patients. Recent studies showed 

that HBV patients who later developed DM or metabolic syndrome during follow-up have an 

increased risk of liver cirrhosis,
287

 and decompensation over time.
211

  

 

Type 2 DM is not only a risk factor for liver cirrhosis progression and HCC in HBV patients but 

also a known risk factor for cardiovascular disease
299

 and malignancy
300

 in general. Among HBV 

patients with cirrhosis, the influence of pre-existing DM at the time of cirrhosis diagnosis on 

liver-related, cardiovascular mortality and specific cirrhosis complications remains unknown.  

Furthermore, it is unclear what clinical DM characteristics would greatly influence hepatic 

events and mortality in cirrhosis patients. The aim for this study is to examine the effect of pre-

existing DM at the time of cirrhosis diagnosis on liver-related mortality and complications. 

Secondly, to clarify which DM characteristics would influence hepatic outcomes and mortality. 
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4.2 Materials and Methods 

4.2.1 Study Design and Patients 

As per Chapter 2, a retrospective review of all HBV cirrhosis patients under CMDHB 

Middlemore Hospital follow-up was carried out. This study was approved by the Hospital 

Research and Ethics Committee. 

 

All HBV patients with either histological, transient elastographic (LSM >11.0 kPa),
254

 or 

radiological (nodularity of the liver surface, dilated portal vein (>13mm), recanalization of the 

umbilical vein, enlarged spleen) features of established cirrhosis, and who sought care at the said 

hospital between year 2000 to January 2012 were included in the analysis.  All patients were 

known to have positive HBsAg for more than six months. The following patients were excluded: 

those with co-infection with hepatotrophic viruses or HIV, those already developed cirrhosis 

complication in the year prior to diagnosis, and those with type 1 diabetes were excluded from 

the study. 

 

Pre-existing type 2 DM was defined as subjects fulfilling two criteria: (1) diagnosis of DM: 

either by an abnormal fasting glucose level ≥ 7.0mmol/L, an abnormal random glucose level ≥ 

11.1 mmol/L with symptoms of diabetes (polyuria, polydipsia, unexplained weight loss) or 

positive oral glucose tolerance test (blood glucose level measured at 2 hours post-load 75g 

glucose ≥11.1 mmol/l) and/or glycosylated hemoglobin (HbA1c) ≥ 6.5% (or 48mmol/mol) 

according to the updated WHO Diagnostic Criteria prior to the diagnosis of liver cirrhosis and 

(2) active DM follow-up: under primary care with diabetes disease management program 

(information on hospital computer) or under hospital Diabetes service follow-up prior to the 

diagnosis of liver cirrhosis.  

 



 

 90 

4.2.2 Follow-up Assessments  

Patients were followed up from baseline (upon cirrhosis diagnosis) every three to six monthly 

with appropriate blood tests including liver function, HBV DNA, HBeAg status in those on 

antiviral therapy and all were required to undergo six-monthly alpha fetoprotein and six month to 

annual liver imaging for HCC surveillance. Antiviral therapy such as NA is initiated via a joint 

decision between the patient and the physician according to the guidelines of the AASLD.
217

 

Significant alcohol history was defined as more than 20 grams per day of alcohol use prior to 

cirrhosis diagnosis. Glycosylated hemoglobin within three months of cirrhosis diagnosis and the 

duration of diabetes at study baseline were recorded. Poor DM control was defined as HbA1c ≥ 

7.0% (53 mmol/mol) as recommended by American Diabetes Association.
301

 Sustained viral 

suppression was defined as HBV DNA < 3 log IU/mL on at least two occassions six months 

apart. Endoscopic examination for underlying esophageal varices was routinely performed in 

patients with established cirrhosis at the outset if evidence of portal hypertension was present 

(portal vein >13mm, enlarged spleen, platelets <100 x10
3
/mm

3
).  

 

Any cirrhosis complication occurred, as defined by the AASLD Guidelines diagnostic criteria,
44, 

54, 108
 (variceal bleeding, SBP, ascites, HE, liver failure and HCC) would be captured in the 

study, as it would require admission and long term management in the region. Hepatic 

decompensation was defined as the composite of ascites, variceal bleeding, SBP, HE, liver 

failure or HRS. As normal local practice, patients with decompensated cirrhosis were followed 

up closely in clinic within two to six weeks of hospital discharge until clinically stabilized.  

 

All patients with liver failure or HCC requiring liver transplantation assessment would be 

referred to the NZ Liver Transplant Unit located 20km north of the region, which works closely 

with Middlemore Hospital and is also linked into the hospital computer database in Auckland 

region.  The OLT and death were recorded. Any cause of death related to the progression of the 



 

 91 

liver disease was defined as liver-related mortality. Mortality from malignancy and sepsis causes 

were defined as death directly related to non-HCC malignancy and overwhelming sepsis not 

related to SBP, respectively. The endpoint of the study was a composite of death, liver 

transplantation, or the last follow-up date. The primary outcome of the study was the composite 

of liver-related and overall related mortality or OLT. The secondary outcomes were the 

cumulative incidence of liver complications (hepatic decompensation and HCC) and the effect of 

baseline DM characteristics (duration of DM, diabetic control and medications) on the risk of 

liver complications and mortality.  

 

4.2.3 Statistical Method 

The data were analysed using SPSS
®
 version 21 (IBM, New York, USA).  Continuous variables 

were expressed as mean± standard deviation (SD).  Comparison between categorical variable 

was carried out using Chi-squared test or Fisher‟s exact test, where appropriate. Student t-test or 

Mann-Whitney test, were used to compare between continuous variables as appropriate. Kaplan-

Meier analysis and Log-rank test were used to examine the differences in time-related events 

between groups.  Factors predicting time-related events were analyzed by Cox proportional 

hazard analysis.  Along with age and gender, any factors with p<0.1 were also entered into Cox 

proportional multivariate analysis using backward stepwise method to determine the predictors 

of outcome. A two-tailed test with p value <0.05 was considered significant.  

 

4.3 Results 

4.3.1 Baseline Characteristics 

988 HBV patients were screened, 723 subjects without evidence of cirrhosis were excluded.  

Among the 265 HBV patients with cirrhosis, six patients with HDV, HCV or HIV co-infection 

were excluded. Twenty-nine patients were excluded because they presented with liver-related 
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complications in the 12 months prior to diagnosis of diabetes mellitus. Seven patients were lost 

in follow-up or moved overseas within six months of diagnosis. A total of 223 patients were 

entered into the study analysis; 173 patients without DM at baseline and fifty patients with pre-

existing DM at baseline. 149 of 223 (66.8%) patients overall were male with a mean follow-up 

of 5.0±3.5 years as illustrated in Table 4.1.  

  

4.3.2 Type 2 Diabetes Characteristics 

Of the fifty DM patients, thirteen (26%) had diet-controlled DM, eight (16%) were on insulin 

only, nineteen (38%) on sulphonylurea with or without metformin, nine (18%) patients on 

metformin only, and a single patient (2%) on metformin, sulphonylurea and insulin. The 

proportion of patients with DM duration <2 years, 2.1-5 years, 5.1-10 years or >10 years, was 

18%, 10%, 60%, and 12% respectively. The mean HbA1c was 6.8±2.6%, 8.0±3.4%, 8.2±3.5%, 

and 8.6±3.8% for DM duration less than 2 years, 2.1 to 5 years, 5.1 to 10 years and more than 10 

years, respectively. There was a strong correlation between the duration of DM before cirrhosis 

diagnosis and the level of HbA1c (Spearman‟s R=0.495, p<0.001). 
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Table 4.1: Baseline characteristics of hepatitis B patients with or without pre-existing type 

2 diabetes mellitus, diagnosed with cirrhosis between year 2000-2012 

 Total 

N=223 

Non-DM at baseline 

N=173 

DM at baseline 

N=50 

P value 

Total follow-up, years 5.0±3.5 5.2±3.6 4.3±3.1 0.10 

Male sex (%) 149 (66.8%) 119 (68.8%) 30 (60.0%) 0.25 

Baseline Age (years) 51±12 49±12 55±11 0.002 

Significant alcohol (%) 16 (7.2%) 15 (8.7%) 1 (2.0%) 0.13 

Cirrhosis Factors     

Mode of diagnosis     

Histology 93 (41.7%) 77 (44.5%) 16 (32.0%) 0.11 

Transient elastography 24 (10.8%) 19 (11.0%) 5 (10.0%) 0.84 

Abdominal imaging 68 (30.5%) 53 (30.6%) 15 (30.0%) 0.93 

Cirrhosis complications 38 (17.0%) 24 (13.9%) 14 (28.0%) 0.02 

MELD score at baseline 9±4 8±3 10±5 0.02 

Child-Turchotte-Pugh class     

Class A 192 (86.5%) 152 (87.9%) 41 (82.0%) 0.29 

Class B 29 (13.0%) 20 (11.6%) 9 (18.0%) 0.23 

Class C 1 (0.4%) 1 (0.6%) 0 (0%) 1.0 

Albumin (g/L) 38±6 38±6 37±8 0.66 

Platelet count (x10
3
/mm

3
) 173±71 174±67 165±81 0.19 

Presence of varices at 

baseline 

12 (5.4%) 10 (5.8%) 2 (4.0%) 0.62 

Viral Factors     

HBeAg positivity (%) 73 (34.0%) 59 (35.1%) 14 (29.8%) 0.49 

Baseline HBV DNA (IU/ml)     

<2000 26 (11.7%) 19 (11.0%) 7 (14.0%) 0.56 

2000 – 20,000 19 (8.5%) 15 (8.7%) 4 (8.0%) 0.86 

2x10
4
 – 2x10

5
 25 (11.2%) 19 (11.0%) 6 (12.0%) 0.84 

>2x10
5
 142 (63.7%) 110 (63.6%) 32 (64.0%) 0.96 

Unknown 11 (4.9%) 10 (5.8%) 1 (2.0%) 0.50 

Antiviral treatment initiated 

(%) 

173 (77.6%) 150 (86.7%) 41 (82.0%) 0.40 

DM factors     

Duration of DM     

0-2 years   9 (18.0%)  

2.1-5 years   5 (10.0%)  
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5.1-10 years   30 (60.0%)  

>10 years   6 (12.0%)  

HbA1c (%)   8.0±4.2  

DM treatment     

Metformin users   22 (44.0%)  

Sulphonylurea users   20 (40.0%)  

Insulin users   9 (18.0%)  

Diet alone   13 (26.0%)  
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4.3.3 Viral Control During Follow-up 

Antiviral therapy was either initiated or continued in 86.7% (150/173) of the non-DM patients 

and 82.0% (41/50) of the DM patients (p=0.40) at cirrhosis diagnosis. Lamivudine was the most 

common NA used at baseline diagnosis in 50.3% [42.9-57.7] and 58% [44.2-70.6], and entecavir 

in 14% [13.9-25.6] and 14% [7.0-26.2] of non-DM and DM patients, respectively. The number 

of patients on telbivudine and tenofovir at cirrhosis diagnosis were small, eight (3.6%) and six 

(2.7%) patients respectively.  During the follow-up period, ten (8.6%, eight in non-DM and two 

in DM group) of 116 patients on lamivudine developed lamivudine resistance required 

combination NA therapy. Comparing patients taking more potent NA such as tenofovir, 

entecavir and telbivudine to those on lamivudine and/or adefovir therapy, there was no 

difference in cirrhosis complications (HR 0.45, [0.16-1.27], p=0.13) or liver-related 

mortality/OLT (HR 0.04, [0-15.65], p=0.29), respectively. Sustained viral suppression was 

achieved in 130 patients (75.1%) without DM and 40 patients (80%) with DM, (p=0.47) during 

the 1119.8 patient-years of follow-up.  The 5-year cumulative incidence of HCC in those who 

achieved sustained viral suppression was significantly lower than those not during follow-up 

(13.3% vs 20.5%, log rank p=0.03), respectively. There was no difference in 5-year cumulative 

incidence of hepatic decompensation (19.0% vs 26.6%, p=0.29) and liver-related mortality 

(11.7% vs 14.9%, p=0.09) in those with sustained viral suppression and those with higher viral 

load, respectively.  

 

4.3.4 Mortality and Outcomes 

Mortality from HCC was significantly higher in the DM group at 27.9 (per 1,000 patient-years) 

compared to 8.8 in the non-DM group (log rank, p=0.02) while the median diameter of the HCCs 

at diagnosis between non-DM and DM patients were similar (40mm, (10-200) and 48mm, (24-

140) respectively, p=0.13). Similarly, hepatic decompensation-related mortality was also higher 

in the DM group at 18.6 (per 1,000 patient-years) compared to 4.4 in the non-DM group 
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(p=0.04) as described in Table 4.2. There was no difference in the rate of OLT between DM and 

non-DM patients during follow-up; 9.3 and 8.8 per 1,000 patient-year, respectively (p=0.96). 

Mortality rate from cardiovascular cause was significantly higher in the DM patients at 9.3 

compared to 1.1 in the non-DM patients (p=0.04), but the total number of cardiovascular deaths 

was small (three overall). Of the death from other causes, there were two deaths from sepsis 

cause and one from non-HCC malignancy cause in the DM group; these were not significantly 

different from the six deaths from sepsis, two deaths from malignancy in the non-DM group (all 

p>0.05). There were two deaths of unknown cause in the non-DM group.  

 

The cumulative incidence rate of HCC per 1,000 patient-years in the non-DM and DM patients 

were 25.4 and 60.5, respectively (log rank, p=0.006) and the cumulative incidence of cirrhosis 

complications was 81.8 per 1,000 patient-year and 149.0 per 1,000 patient-years, in the non-DM 

and DM patients, respectively (p=0.01).  Overall, the 5-year and 10-year liver-related mortality 

or OLT rate were 23.4% and 56.8% for DM patients, and 9.4% and 18.3% for non-DM patients, 

respectively (p=0.009) (Figure 4.1). The 5- and 10-year all-cause mortality or OLT rate were 

30.9% and 60.9% for DM patients, and 9.8% and 25.1% for non-DM patients, respectively 

(p=0.001), data not shown. 

 

4.3.5 Diabetes-related characteristics and outcomes 

Given DM patients had higher incidence of HCC, cirrhosis complications, liver-related and all-

cause mortality, therefore DM was adjusted into the multivariate analysis as shown in Table 4.3. 

When adjusted for older age, gender, antiviral therapy, sustained viral suppression and MELD 

score, DM was an independent predictor of HCC development (HR 2.36, [1.14-4.85], p=0.03). 

In addition, DM was an independent predictor for cirrhosis complications (HR 2.04, [1.16-3.59], 

p=0.02), liver-related mortality or OLT (HR 2.26, [1.05-4.86], p=0.04) and all-cause mortality or 
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OLT (HR 2.25, [1.96-4.22], p=0.01) after adjusted for older age, gender, antiviral therapy, 

sustained viral suppression and MELD score. 

 

The clinical characteristics of DM were further explored to examine the DM features associated 

with mortality and cirrhosis complications; it was found that insulin and/or sulphonylurea use at 

cirrhosis diagnosis was a predictor of liver-related mortality or OLT (HR 3.28, [1.40-7.67], 

p=0.01) as shown in Table 4.4. Insulin and/or sulphonylurea use (HR 2.76, [1.32-5.77], p=0.01) 

and poor diabetic control (HR 2.41, [1.19-4.84], p=0.01) were independent predictors of overall 

mortality or OLT in multivariate analysis, data not shown.  

 

The long duration of DM (>5 years) before cirrhosis diagnosis (HR 2.296, [1.23-4.28], p=0.01), 

insulin and/or sulphonylurea use (HR 2.61, [1.33-5.12], p=0.01) and poor DM control (HbA1c 

≥7.0%) (HR 2.83, [1.48-5.38], p=0.002) were DM features that predicted cirrhosis complication 

development in multivariate analysis (see Table 4.5). Similarly, long DM duration (>5 years), 

insulin and/or sulphonylurea use, and poor diabetic control at cirrhosis diagnosis were predictors 

of HCC development, (HR 2.57, [1.20-5.54], p=0.02; HR 3.28, [1.42-7.60], p=0.01; HR 3.61, 

[1.64-7.95], p=0.001, respectively) after adjusting for older age, male gender, antiviral therapy, 

sustained viral suppression and MELD score, data not shown.  

 

When a lower HbA1c threshold of 6.5% was chosen instead of ≥7.0% as poor diabetic control; 

this new HbA1c threshold remained an independent predictor of HCC development (HR 3.33, 

[1.62-6.87], p=0.001), cirrhosis complications (HR 2.65, [1.45-4.84], p=0.001), and overall 

mortality or OLT (HR2.299, [1.17-4.51], p=0.02); however only a trend towards significance for 

liver mortality or OLT (HR 2.24, [1.00-5.03], p=0.05) in multivariate analysis, data not shown. 
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Table 4.2: Cirrhosis outcomes and mortality among hepatitis B cirrhosis patients by type 2 

diabetes mellitus status 

 Group 
No of 

patients 

Total 

No of 

events 

Patient-

years of 

follow-up 

Incidence rate 

(per 1,000 

patient-years) 

p 

Hepatocellular 

carcinoma (HCC) 

Non-DM 173 23 905.1 25.4 

0.006 

DM 50 13 214.7 60.5 

Hepatic 

decompensation 

Non-DM 173 51 905.1 56.3 

0.23 

DM 50 19 214.7 88.5 

Total cirrhosis 

complications 

Non-DM 173 74 905.1 81.8 

0.01 

DM 50 32 214.7 149.0 

Orthotopic liver 

transplant (OLT) 

Non-DM 173 8 905.1 8.8 

0.96 

DM 50 2 214.7 9.3 

HCC-related mortality 

Non-DM 173 8 905.1 8.8 

0.02 

DM 50 6 214.7 27.9 

Decompensation-

related mortality 

Non-DM 173 4 905.1 4.4 

0.04 

DM 50 4 214.7 18.6 

Liver-related mortality 

or OLT 

Non-DM 173 20 905.1 22.1 

0.01 

DM 50 12 214.7 55.9 

Cardiovascular 

mortality 

Non-DM 173 1 905.1 1.1 

0.04 

DM 50 2 214.7 9.3 

Other cause mortality 

Non-DM 173 10 905.1 11.0 

0.69 

DM 50 5 214.7 23.3 

Hepatic decompensation - composite event of variceal bleeding, ascites, SBP, HRS, decompensated liver 

failure, and HE 

Note: Other cause mortality incudes non-SBP sepsis-related (six in the non-DM and two in the DM 

group), non-HCC malignancy-related (two in the non-DM and one in the DM group) and unknown cause 

(two in the non-DM group). 

Comparisons using log-rank test on time to first event in each categories. 
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Table 4.3: Cox regression analysis of predictors of hepatocellular carcinoma, cirrhosis complications and mortality in patients with hepatitis B 

cirrhosis   

 

 
HCC All Cirrhosis Complications 

Univariate Multivariate Univariate Multivariate 

 HR (95% CI) 
P 

value 
aHR (95% CI) 

P 

value 
HR (95% CI) 

P 

value 
aHR (95% CI) 

P 

value 

Age ≥65 years 3.69 (1.72-7.91) 0.001 2.77 (1.23-6.23) 0.01 2.14 (1.11-4.12) 0.02 1.86 (0.92-3.76) 0.08 

Male sex 1.57 (0.74-3.34) 0.24 1.87 (0.86-4.05) 0.11 0.96 (0.57-1.62) 0.87 0.92 (0.53-1.59) 0.76 

Significant alcohol use 1.19 (0.37-3.89) 0.77   1.98 (0.94-4.17) 0.07 2.81 (1.22-6.45) 0.02 

Type 2 DM at baseline 2.56 (1.28 -5.098) 0.01 2.36 (1.14 -4.85) 0.02 2.07 (1.21-3.53) 0.01 2.04 (1.16-3.59) 0.01 

Positive HBeAg at baseline 0.66 (0.32 -1.38) 0.27   0.90 (0.52-1.56) 0.72   

Antiviral therapy 0.51 (0.25-1.05) 0.07 0.80 (0.39 -1.65) 0.51 0.58 (0.34-0.999) 0.05 0.94 (0.53-1.68) 0.75 

Baseline HBV DNA >4 log 

(IU/ml) 
1.44 (0.55 -3.74) 0.45   1.45 (0.71-2.96) 0.30   

Sustained viral suppression 

during follow-up 
0.47 (0.23 -0.96) 0.04 0.55 (0.27-1.11) 0.09 0.62 (0.36-1.08) 0.09 0.599 (0.34-1.07) 0.08 

MELD score ≥ 11 3.17 (1.61-6.21) 0.001 2.71 (1.35-5.45) 0.01 4.62 (2.79-7.65) <0.001 3.62 (2.08 -6.28) <0.001 

Esophageal varices at baseline 1.03 (0.25-4.28) 0.97   5.22 (2.44-11.17) <0.001 3.99 (1.74-9.21) 0.001 

 
Liver-related mortality or OLT All cause mortality or OLT 

Univariate Multivariate Univariate Multivariate 

 HR (95% CI) 
P 

value 
aHR (95% CI) 

P 

value 
HR (95% CI) 

P 

value 
aHR (95% CI) 

P 

value 
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Age ≥65 years 2.02 (0.77-5.29) 0.15 1.46 (0.50-4.26) 0.49 2.98 (1.47-6.03) 0.002 2.29 (1.08-4.84) 0.03 

Male sex 1.58 (0.71-3.52) 0.26 1.71 (0.75-3.91) 0.21 1.29 (0.69-2.42) 0.42 1.47 (0.77-2.78) 0.24 

Significant alcohol use 1.54 (0.46-5.08) 0.48   
1.37 

(0.49-3.84) 
0.55   

DM at baseline 2.61 (1.26-5.39) 0.01 2.26 (1.05 -4.86) 0.04 2.45 (1.34-4.48) 0.003 2.25 (1.96-4.22) 0.01 

Positive HBeAg at baseline 1.14 (0.55-2.37) 0.73   0.82 (0.44-1.52) 0.53   

Antiviral treatment 0.61 (0.23-1.59) 0.31   0.37 (0.21-0.67) 0.001 0.88 (0.45-1.70) 0.70 

Baseline HBV DNA >4 log 

(IU/ml) 
1.44 (0.50-4.17) 0.49   0.83 (0.41-1.69) 0.61   

Sustained viral suppression 

during follow-up 
0.52 (0.24-1.11) 0.09 0.64 (0.29-1.39) 0.26 0.58 (0.32-1.03) 0.06 0.701 (0.37-1.33) 0.28 

MELD score ≥ 11 4.78 (2.38-9.61) <0.001 4.18 (2.01-8.67) <0.001 4.57 (2.58-8.08) <0.001 3.92 (2.16-7.09) <0.001 

Esophageal varices at baseline 2.69 (0.804-8.97) 0.11   2.48 (0.88-7.03) 0.09 1.71 (0.58-5.07) 0.33 

Sustained viral suppression – hepatitis B viral load < 3 log IU/mL on at least two occassions six months apart, during follow-up;  
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Table 4.4: The effect of type 2 diabetes characteristics on the risk of liver-related mortality or liver transplantation, by Cox regression 

analysis, adjusted to age, gender and other covariates with p<0.1 in univariate analysis 

 

 Model 1 Model 2 Model 3 Model 4 

 aHR (95% CI) P value aHR (95% CI) P value aHR (95% CI) P value aHR (95% CI) P value 

Sustained viral 

suppression  
0.64 (0.29-1.39) 0.26 0.66 (0.30-1.41) 0.28 0.53 (0.24-1.16) 0.11 0.58 (0.27-1.26) 0.17 

MELD score ≥ 11 4.18 (2.01-8.67) <0.001 4.45 (2.16-9.15) <0.001 4.57 (2.19-9.52) <0.001 4.45 (2.16-9.15) <0.001 

Type 2 DM at 

baseline 
2.26 (1.05 -4.86) 0.04       

DM status / Duration 

No / Null 
  1 reference     

Yes / ≤ 5 years   3.18 (0.92-11.01) 0.07     

Yes / > 5 years   2.02 (0.86-4.75) 0.11     

DM status / DM 

therapy  

No / Null 

    1 
referenc

e 
  

Yes / Diet control 

only 
    1.75 (0.40-7.64) 0.46   

Yes / Metformin 

only 
    0.76 (0.99-5.78) 0.79   

Yes / Insulin ± 

sulphonylurea 
    3.28 (1.40-7.67) 0.01   



 

  

1
0

2
 

DM status / Hba1c ≥ 

7.0% 

No / Null 

      1 reference 

Yes / No       1.63 (0.48-5.62) 0.44 

Yes / Yes       2.23 (0.96-5.18) 0.06 

Sustained viral suppression – hepatitis B viral load < 3 log IU/mL on at least two occassions six months apart during follow-up; 

Note: Age, gender and other factors with p<0.1 entered into the Cox regression multivariate analysis models as in Table 3.4 
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Figure 4.1: Kaplan Meier analysis of cumulative incidence of (A) cirrhosis complications, (B) 

hepatocellular carcinoma, (C) hepatic decompensation (not related to HCC), and (D) liver-

related mortality or liver transplant between type 2 diabetes mellitus and non-diabetes 

cirrhosis patients over 12-year follow-up. 

 

DM- type 2 diabetes mellitus; HCC- hepatocellular carcinoma; hepatic decompensation -  

composite of all non-HCC cirrhosis complications 
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4.4 Discussion 

This is the first hospital-based cohort study to confirm pre-existing DM is a poor prognostic factor on 

cirrhosis complications and mortality in a cohort of HBV cirrhosis patients. The presence of DM was 

associated with a two-fold increased risk in the development of HCC, cirrhosis complications, liver-

related mortality or OLT and overall mortality or OLT. 

 

Current evidence suggest that DM and MetS may contribute both to the progression of liver disease and 

decompensation,
211, 287

 the development of HCC,
103, 125, 302

 and the overall mortality of patients with HBV 

infection.
303

 This study supported the above findings and further showed that the use of insulin or 

sulphonylurea at cirrhosis diagnosis was associated with HCC, cirrhosis complication development, liver-

related mortality and overall mortality or OLT among HBV cirrhosis patients. This observation of an 

association between insulin use and the risk of hepatocarcinogenesis echoed the previous study result by 

Chao, et al. of an independent effect of elevated insulin levels and HCC risk in HBV patients (HR 2.36, 

[1.43-3.90], p for trend=0.014) as discussed in Chapter 1.2.2.
207

 Several other studies also showed the 

deleterious effect of sulphonylurea on HCC risk in hospital cohorts,
230, 304

 and population study.
229

 The 

other important finding of this study was that patients with poor DM control at the time of cirrhosis 

diagnosis had a two-fold increased risk of liver-related complications, almost four-fold increased risk in 

HCC development and a two-fold increased risk of death or OLT, after adjusted for host factor, viral 

factor, antiviral therapy use and MELD score. The measure of cirrhosis severity, MELD≥11, was adjusted 

in multivariate analysis, as severe cirrhosis can cause hepatogenous diabetes. In this study, most of the 

DM patients (72%) had pre-existing DM duration of more than five years prior to the diagnosis of 

cirrhosis. Therefore, the DM in this study is unlikely to be a result of insulin resistance from advanced 

cirrhosis. Furthremore, good DM management and aggressive metabolic risk control (such as exercise 

and weight loss) may be important part of management of patients with HBV cirrhosis, and perhaps more 

importantly, before cirrhosis ensues.  
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Future prospective studies are required to determine if aggressive control of metabolic risk factors and 

diabetes such as obesity reduction, improving insulin resistance (through weight loss or insulin 

sensitizers) after cirrhosis diagnosis would reduce HCC risk and mortality in HBV cirrhosis patients with 

DM. It is difficult to hypothesize the underlying mechanism for the increased morbidity and mortality 

among HBV patients with pre-existing DM and cirrhosis. Whether oxidative stress from hyperglycemia 

and diabetes or non-alcoholic steatohepatitis is at play will need further research.
305-307

 

 

There are several limitations to the study. This was a single-center retrospective study, so the findings 

need to be validated by larger multicenter prospective studies given observational biases and record errors 

may occur in this design. However, this study had comprehensive computer database allowed uniform 

assessment and details of both the HBV status and the DM severity. This was a hospital-based cohort in a 

geographically defined region, which captured essentially all the significant clinical events and deaths. 

Furthermore, the study had the advantage of adjusting for host (age, gender, and significant alcohol use), 

viral (use of antiviral therapy, dynamic viral load during follow-up) and cirrhosis factors (baseline 

esophageal varices and MELD score) in a longitudinal manner to illustrate the influence of DM on liver 

complications and mortality.  

 

The protective effect of metformin on hepatocarcinogenesis
230, 304

 could not be addressed in the cohort 

given a small number of patients on metformin only (nine patients). A latter study by Zhang and 

colleagues demonstrated that among patients with cirrhosis, continuation of metformin use after cirrhosis 

diagnosis was an independent predictor of cirrhosis survival (HR 0.43; 0.24-0.78, p=0.005) after adjusted 

for albumin, age, gender, aetiology but not renal function.
308

 The authors commented that the mechanism 

of metformin‟s protective effect among cirrhotic patients is unknown. However it seems in subgroup 

analysis, there was only a survival benefit among those with NASH-only cirrhosis but not in the smaller 

group of patients with non-NASH cirrhosis. A prospective study examined the effect of metformin among 

HCV cirrhosis patients with DM showed that metformin use was associated with reduced HCC incidence 
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(HR 0.19, 0.04-0.79, p=0.023) and liver-related mortality or OLT (HR 0.22; 0.05-0.99, p=0.049).
309

 The 

higher cardiovascular mortality in the DM patients found in the study will also need further validation 

given the small size of the cohort. Anthropometric measurement was not consistently performed in all 

patients and the assessment for metabolic syndrome was not available given the lack of recognition of this 

syndrome in the early years of this retrospective study. Finally, there may be inaccuracy and poor 

acceptance of HbA1c use in patients with cirrhosis,
310

 however the current study has shown that even at a 

lower HbA1c cut-off of 6.5% (which defines DM by WHO criteria) was an independent predictor of 

HCC, cirrhosis complications and all-cause mortality or OLT. Further study is also warranted to validate 

whether baseline HbA1c level can predict cirrhosis complications among cirrhosis patients with DM.  

 

4.5 Conclusion 

In conclusion, pre-existing type 2 DM at the time of cirrhosis diagnosis in patients with chronic hepatitis 

B is a poor prognostic factor for future HCC and cirrhosis complication development, liver-related 

mortality, and overall mortality or OLT, particularly those on insulin and/or sulphonylurea and with poor 

DM control. Further studies are needed to examine if aggressive metabolic risk control and diabetes 

management may improve cirrhosis outcomes. 
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Chapter 5 Statin and HCC in Hepatitis B 

 

 

 

 

 

 

Statin and the Risk of Hepatocellular Carcinoma and Death  

In a Hospital-based Hepatitis B-infected Population:  
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This study was published as “Hsiang JC, Wong GL, Tse YK, et al. Statin and the risk of hepatocellular 

carcinoma and death in a hospital-based hepatitis B-infected population: A propensity score landmark 

analysis. Journal Hepatology 2015;63:1190-7.” 

 

5.1 Introduction 

In the last Chapter, the study of mortality and outcomes between DM and non-DM HBV cirrhosis 

patients suggested that those with DM, particularly with poor DM control and on insulin/sulphonylurea 

have two to three fold increased risk of liver mortality or OLT. While the uses of antiviral agents such as 

NA have been established to reduce complications in chronic HBV patients, it does not completely 

abolish the risk of HCC.
219, 233

 The previous study (Chapter 4) failed to show any anti-tumour effect of 

metformin use in HBV cirrhosis patients due to small number of metformin users. As discussed in chapter 

1.2.3, statin is a HMG-CoA reductase inhibitor, which has been used for treatment of dyslipidemia and 

cardiovascular diseases. Statin is well tolerated and exhibits low risk of hepatotoxicity,
235, 236

 even among 

subjects with chronic liver disease.
237, 238

 Its use was associated with 37% lower risk of HCC compared to 

non-users,
239

 and associated with reduced HCC risk, in a dose-dependent manner, by 34-67% compared 

to the untreated patients, in a population study from Taiwan.
242

 The effect of this was singinificant that a 

34% risk reduction in HCC was present even with only 28-90 daily-defined doses (DDD) of treatment 

(adjusted HR 0.66, [0.44-0.99]) in patients with low risk of HCC (most were untreated HBV carriers).  

 

In this setting as discussed previously, the “indication” bias cannot be ruled out which may cause a biased 

protective effect of statin to be observed.
234

  The presence of “immortal time bias” or guarantee-time 

bias
244

 has also been an issue for this study causing an overestimation of time duration and decreased the 

apparent risk from prolonged time with unexposed risk. Furthermore, in this HBV cohort there was no 

concurrent adjustment for several known chemopreventive medications such as antiviral therapy, 

metformin or aspirin use.
234, 239, 311

 Whether some of these biases would have overestimated the anti-

tumour effect of statin on HCC risk and to what extent remains uncertain.  
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Current evidence does not support the use of statin in chemoprevention of HCC among hospital-based 

cohort of HBV patients whom have average to high risk of HCC. Furthermore, it remains unclear if a 

proportion of HBV patients, whom NA treatment is indicated, would benefit from concomitant use of 

statin, given NA is generally indicated for those at highest risk of HCC and cirrhosis progression.  

Therefore, the aim of this current study is to examine the effect of statin in the primary prevention of 

HCC in a hospital-based population of HBV patients in Hong Kong, where HBV is an important cause of 

HCC and liver mortality. By correcting for any potential confounders and biases as discussed above and 

in Chapter 1.2.3, the effect of statin among this hospital cohort and other high-risk subgroups are 

examined to evaluate the potential clinical use and impact of statin.  

 

5.2 Materials and Methods 

5.2.1 Study Design 

A territory-wide retrospective cohort study was conducted using the data from the Hospital Authority 

(HA) registry database between January 1, 2000 and December 31, 2012. This database contained 

detailed health care data of patients attending 43 public hospitals and 120 clinics in the Hong Kong 

territory. HA is the governing body of all public hospitals and outpatient clinics in this region. All 

patients admitted under HA hospitals or seen in the HA clinics will have medications dispensed, clinical 

investigations ordered through a centralized computerized system and these data have been maintained on 

the HA database since 1
st
 December 1996. The hospital admissions and outpatient clinic principal 

diagnoses are coded according to the International Classification of Diseases, Ninth Revision (ICD-9) 

into this centralized computer system. This study was approved by the Chinese University of Hong Kong 

– New Territories East Cluster Clinical Research Ethics Committee. 
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The patients with HBV were identified using two methods concurrently: 1) known HBV identified using 

ICD-9 codes from year 2000-2012, and 2) positive HBsAg retrieved from laboratory parameters. In all 

identified subjects with HBV infection, relevant clinical information such as cirrhosis complications, 

HCC, cardiovascular events, DM and related outcomes, viral co-infections (HCV, HIV) and important 

laboratory results were retrieved. Relevant laboratory data available include liver function, renal function, 

platelet count and viral serology. Disease diagnosis and medication prescription details were also 

retrieved for the study (see Supplementary table 5.6.1 and 5.6.2). The study entry date (baseline) was 

based on the earliest date of HBV-related clinical events such as the first prescription date of NA, positive 

HBsAg serology, or liver-related complications (according to ICD-9 codes).  

 

As far as statin treatment is concerned, the first prescription of statin would not be associated with HBV 

diagnosis. In order to avoid “immortal time bias” and reverse causation,
312

 the landmark analysis method 

was utilised,
244, 313, 314

 whereby a priori “exposure period” of two years from baseline date was chosen. 

The group membership (statin user and non-user) is designated according to the first date of statin 

therapy; patients who started on statin therapy during the 2-year exposure period were assigned to the 

statin user group (Figure 5.1). If statin therapy started after the “landmark date”, then they would be 

assigned to the non-user group (along with those never exposed to statin during the study period) because 

such statin users already had a period at-risk of HCC whilst being “unexposed” to statin (late users).
315

 A 

two-year period was selected pragmatically to ensure adequate sample size to examine statin‟s effect. In 

order to ensure the effect of “sick non-user” bias was minimal, where statin may be least likely to be 

initiated in someone who is frail or “sick” and then developed HCC or death during the exposure period 

(thus excluded), the landmark analyses using variable exposure periods at 1-year and 3-year were 

performed. (see 5.6.3 and 5.6.4 - Supplementary Figure 1 and 2). The variable exposure periods in 

sensitivity analysis would also ensure the results were consistent. 
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Figure 5.1: Classification of statin user by Landmark analysis 
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Figure 5.2: Boxplot of propensity scores of statin user and non-user group (for a single multiple 

imputation dataset) 

 

 

 

Statin user 

Non-user 
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5.2.2 Study Population 

The following patients were excluded initially: those with HCV or HIV co-infections; missing statin 

prescription data; interferon exposed patients; HBsAg seroclearance within six months of the baseline; 

age under 18 years and active statin users before baseline. Then using the landmark analysis method, 

patients who developed HCC, death or ceased follow-up within the exposure period were excluded to 

reduce biases.
315

 The statin users and non-users were followed up from the landmark date, to a maximum 

follow-up of eight years, to evaluate the risk of primary and secondary outcomes in statin users and non-

users. The primary outcome was the incidence of HCC and the secondary outcome was death.  

 

5.2.3 Sensitivity analysis 

Sensitivity analyses were performed for the effect of statin in subgroups with high-risk features such as 

DM, older age, male gender and NA use at baseline. This is because, in Hong Kong, NA treatment is 

fully reimbursed for patients at high risk for HCC, cirrhosis complications, or death; with high ALT, 

cirrhosis or liver decompensation together with increased HBV DNA according to the treatment 

guidelines of the Asian Pacific Association for the Study of the Liver.
284

  

 

Defined daily dose (DDD) is the assumed average maintenance dose per day for a drug used for its main 

indication in adults and a measurement of drug utilisation, as recommended by the Anatomical 

Therapeutic Chemical (ATC) Index, WHO.
316

 The DDD is a unit of measurement to reflect the daily dose 

in a standardized fashion rather than actual days of drug usage. The cumulative DDD (cDDD) for statin is 

defined as the sum of DDD during the exposure period only. A single DDD of statin would be equivalent 

to simvastatin 30mg, atorvastatin 20mg,  statin 10mg or fluvastatin 60mg as per WHO ATC Index.
316
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5.2.4 Statistical Method 

Data were analyzed using SAS 9.3 (SAS Institute Inc., Cary, NC) and R 3.1.1 (R Foundation for 

Statistical Computing, Vienna, Austria). Continuous variables were expressed in mean ± standard 

deviation (SD) or median (interquartile range (IQR)) as appropriate. Categorical variables were presented 

as number (percentage). Comparisons between subgroups were analyzed by Chi-square or Fisher‟s exact 

tests for categorical parameters, and Student‟s t-test or Mann–Whitney test for continuous parameters, as 

appropriate.  

 

Differences in baseline comorbidities and the usage of medications associated with HCC were observed 

between the two groups as illustrated by the boxplot of propensity scores in Figure 5.2, there were 

potential confounding variables associated with HCC present.
219, 225, 228, 304

 Therefore, propensity score 

(PS) was developed, the conditional probability of receiving statin, to control for these confounders.
317

 

Twenty-five important baseline characteristics selected priori were incorporated into the PS model as 

shown in Table 5.1. These baseline variables were balanced in the PS model to minimize “indication 

bias” and any resultant confounding effects on the HCC risk and mortality. The balance in the baseline 

covariates was assessed between the two groups before and after PS weighting by using the absolute 

standardized differences, with values of below 0.2 indicating good balance.
318

 Before PS weighting, 

missing data imputation analysis was performed. Missing data were assumed missing at random and were 

replaced with substituted values via multiple imputation by chained equations to create five complete 

datasets after 10 iterations.
319, 320

 The variables included in the imputation models were all baseline 

covariates in PS model, treatment status, various outcome measures and their corresponding Nelson-

Aalen estimator of the cumulative hazard at the time of event or censoring.
321

  

 

The imputed variables were five important laboratory parameters in patients with chronic HBV: albumin, 

total bilirubin and ALT, platelet count, and creatinine. The frequency of missing values ranged from 

25.4% to 51.9%, were all associated with the laboratory parameters. Imputed values were constrained 
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within plausible ranges. Data imputations of five datasets, and PS weighting were performed for each 

landmark cohorts, and all the methods mentioned were repeated for each subgroup analysis. In order to 

capture nonlinear effects and interaction terms, generalized boosted models (GBM) was employed to 

estimate PS, applied average treatment effect in the treated group (ATT) weighting (i.e. by assigning a 

weight of 1 to all subjects in the statin users, and PS/(1–PS) to subjects in the non-users so that the 

baseline covariates of the non-user group that had distributions nearly identical to those of the statin user 

group) to estimate the ATT.
322

 To choose the optimal iteration of GBM, it was tuned to minimize the 

maximum values of the Kolmogorov-Smirnov statistic.
318

 GBM for propensity scores has been proven to 

have less prediction error and provide more stable weights than the logistic models.
318, 323, 324

 Further 

analysis was also performed on the 2-year landmark cohort by excluding the laboratory parameters from 

PS weighting (thus no data imputations, required for missing data) to compare the results with the full 

method.  

 

When weighted Cox proportional hazards regression analyses were performed, robust (empirical) 

variance estimates to calculate 95% CIs was used to compensate for effects of weights on variances.
325

  

The overall ATT-weighted treatment effect estimates and their standard errors were calculated by 

combining the estimates obtained on each individual multiple imputation dataset using Rubin‟s rules.
326

 

Weighted Cox regression analyses accounting for competing risk
327

 was used instead to estimate 

subdistribution hazard ratio (SHR) and HR of HCC and death, respectively. Death was a competing risk 

when estimating the risk of the HCC as statin is commonly indicated in those with higher cardiovascular 

risks and mortality.
328

 The Kaplan–Meier method was used to estimate the weighted cumulative incidence 

of HCC (again accounting for competing risk) and death. All statistical tests were two-sided and 

statistical significance was taken as P<0.05. 
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5.3 Results 

A total of 77,021 patients were identified in the HA database with HBV infection according to ICD-9 

codes and a positive HBsAg serology. After excluding 3,522 patients by the study exclusion criteria, 

73,499 patients were analyzed by a 2-year landmark analysis method (Figure 5.3). A total of 53,513 

patients were included in the final analysis; 1,176 patients were defined as statin users and 52,337 patients 

were defined as non-users, which included 1,262 patients whom commenced statin after the landmark 

date, according to the landmark method. Among the 1,176 statin users, 997 (84.8%) were lipophilic statin 

users (atorvastatin and simvastatin) and only 179 (15.2%) were hydrophilic statin users (rosuvastatin and 

fluvastatin). These two types of statin were analyzed together. 

 

5.3.1 Crude HCC incidence 

In the raw data after the exclusion of 3,522 patients, 73,499 patients had a median follow-up of 4.6 (IQR 

1.7-8.6) years and 6,883 cases of HCC developed in 393,154 patient-years. The crude HCC incidence was 

1.75 (95% CI 1.71-1.79) per 100 patient-years. After 2-year landmark analysis and before PS weighting, 

the unadjusted median follow-up (after the landmark date) of users and non-users were 1.6 (0.7-3.9) years 

and 4.9 (2.1-8.0) years, respectively (Table 5.2). The cumulative follow-up was 249,831.8 patient-years, 

and the unadjusted crude incidence of HCC was 0.52 (0.49-0.55) per 100 patient-years, for the entire 

cohort. The crude incidence of HCC was higher in the statin users, compared with the non-users; 1.24 

(0.88-1.69) and 0.51 (0.48-0.54) per 100 patient-years, respectively (p<0.001).  

 

5.3.2 Outcome analysis following propensity score weighting 

The baseline covariates of the two groups following PS weighting are listed in Table 5.1. The median 

follow-up of the users and non-users after PS weighting was 1.6 (0.7-3.9) and 2.6 (1.0-5.1) years, 

respectively. The weighted Cox proportional hazards regression analyses with death as competing risk 

revealed that statin users, with a median cDDD of 291.5, have 32% risk reduction in HCC (weighted SHR 
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0.68, [0.48-0.97], p=0.033), in the 2-year landmark cohort (Table 5.3). However, the overall risk of death 

was similar between the statin users and non-users (weighted HR 0.92, [0.76 -1.11], p=0.386). Figure 5.4 

showed the weighted cumulative incidence of HCC and death for the 2-year landmark cohort, for a single 

multiple imputation dataset and 5.6.5 Supplementary Figure 3 illustrated the „unweighted‟ version of the 

same. 

 

For the 1-year and the 3-year landmark cohorts, the effects of statin on HCC risk reduction were 

consistent (1-year landmark: weighted SHR 0.56, [0.39-0.80], p=0.002, and 3-year landmark: weighted 

SHR 0.66, [0.44-0.99], p=0.043, respectively).  
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Table 5.1: Baseline Characteristics of the study cohort before and after propensity weighting (2-

year landmark cohort; for a single multiple imputation dataset) 

 Before propensity weighting After propensity weighting 

 
Statin user 

N=1,176 

Non-user 

N=52,337 

Absolute 

standardized 

difference 

P 

value 

Non-user 

 

Absolute 

standardized 

difference 

Follow-up duration, 

Median [IQR] 

1.6 

[0.7-3.9] 

4.9 

[2.1-8.0] 
  

2.6 

[1.0-5.1] 
 

Age, years, mean (S.D.) 58.7 (12.4) 37.6 (14.1) 1.70 <0.001 58.9 (12.9) 0.01 

Male gender (%) 799 (67.9) 13,346 (25.5) 0.91 <0.001 (66.8) 0.06 

Comorbidities (%)       

Coronary artery disease 104 (8.8) 53 (0.1) 0.31 <0.001 (6.1) 0.02 

Heart failure 69 (5.9) 337 (0.6) 0.22 <0.001 (5.9) 0.003 

Stroke 184 (15.6) 380 (0.7) 0.41 <0.001 (16.3) 0.02 

Renal replacement 

therapy 
50 (4.3) 263 (0.5) 0.19 <0.001 (4.0) 0.01 

Cirrhosis complications
a
 32 (2.7) 854 (1.6) 0.07 0.004 (3.1) 0.03 

Diabetes duration 

≤ 2 years 

> 2 years  

 

273 (23.2) 

258 (21.9) 

 

2,866 (5.5) 

990 (1.9) 

 

0.42 

0.48 

 

<0.001 

<0.001 

 

(21.9) 

(23.5) 

 

0.03 

0.04 

Laboratory parameters, 

mean (SD)
b
 

      

ALT, IU/L 46 (58) 55 (171) 0.22 <0.001 49 (36) 0.05 

Creatinine, µmol/L 130 (163) 74 (61) 0.72 <0.001 123 (98) 0.07 

Bilirubin, µmol/L 13 (13) 13 (25) 0.24 <0.001 13 (5) 0.03 

Albumin, g/L 39 (6) 38 (6) 0.11 <0.001 39 (4) 0.02 

Platelet, x10
9
/L 216 (87) 213 (79) 0.001 0.977 214 (70) 0.04 

Medications (%)       

Warfarin 39 (3.3) 205 (0.4) 0.16 <0.001 (3.3) 0.004 

NSAID/antiplatelet 242 (20.6) 951 (1.8) 0.46 <0.001 (17.8) 0.07 

Fibrate 73 (6.2) 121 (0.2) 0.25 <0.001 (5.9) 0.01 

Loop Diuretic 445 (37.8) 2,600 (5.0) 0.68 <0.001 (35.2) 0.05 

Other Diuretic 40 (3.4) 947 (1.8) 0.09 <0.001 (0.04) 0.02 

ACE inhibitor/ARB 624 (53.1) 1,816 (3.5) 0.99 <0.001 (51.8) 0.03 

Nucleos(t)ide analogue 210 (17.9) 3,754 (7.2) 0.28 <0.001 (17.0) 0.02 

Beta blocker 391 (33.2) 2,004 (3.8) 0.62 <0.001 (30.7) 0.05 

Metformin 257 (21.9) 1,013 (1.9) 0.48 <0.001 (22.3) 0.01 

Sulphonylurea 284 (24.1) 1,320 (2.5) 0.51 <0.001 (23.8) 0.01 

Thiazolidinedione 7 (0.6) 7 (0.0) 0.08 <0.001 (0.3) 0.04 

 Insulin 148 (12.6) 476 (0.9) 0.35 <0.001 (11.8) 0.02 
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a – Includes all portal hypertensive cirrhosis complications (ascites, hepatic encephalopathy, hepatorenal syndrome, 

esophageal variceal bleeding and spontaneous bacterial peritonitis), except for hepatocellular carcinoma which was 

excluded; b – all biochemical parameters (continuous variables) were transformed by loge to a normal distribution.  

Absolute standardized difference values shown are the standardized difference by loge transformation 

ACE – angiotensin converting enzyme; ARB – angiotensin II receptor blocker; NSAID -  nonsteroidal anti-inflammatory 

drug 
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Figure 5.3: Flowchart of Hospital Authority database subject identification and enrollment for the 

study.  

 

*A patient may fulfill more than one exclusion criteria. 
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Table 5.2: Unadjusted outcome rates before propensity score weighting for the variable exposure period landmark cohorts 

 

  
Total 

patients 
HCC 

Overall 

Death 

Median follow-

up, year [IQR]* 

Crude HCC* 

/100 patient-year 

(95% CI) 

Crude death* 

/100 patient-year 

(95% CI) 

1-year Landmark 

cohort 

Statin user 1365 39 195 1.8 [0.9-3.5] 1.13 (0.82-1.54) 5.59 (4.84-6.40) 

Non-user 59,166 1,730 3,832 5.2 [2.2-8.0] 0.60 (0.57-0.63) 1.32 (1.27-1.36) 

2-year Landmark 

cohort 

Statin user 1,176 36 156 1.6 [0.7-3.9] 1.24 (0.88-1.69) 5.36 (4.57-6.25) 

Non-user 52,337 1,262 2,710 4.9 [2.1-8.0] 0.51 (0.48-0.54) 1.09 (1.06-1.14) 

3-year Landmark 

cohort 

Statin user 934 27 132 1.8 [0.7-4.2] 1.13 (0.76-1.61) 5.65 (4.77-6.66) 

Non-user 45,387 907 1,960 4.7 [2.1-7.4] 0.43 (0.41-0.46) 0.93 (0.89-0.97) 

* The cumulative follow-up duration (years) for landmark analysis cohort is the duration (years) after the landmark date; ** Statin user 

group is defined by the Landmark analysis method.   
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5.3.3 Sensitivity analysis 

In Table 5.4, each subgroup analysis was performed individually with the same statistical method as the 

whole cohort (PS weighting and data imputation). Among the NA users (in whom NA were initiated at 

baseline) who used statin concurrently (statin initiated during the exposure period), there was an 

additional 59% HCC risk reduction compared to NA users alone (weighted SHR 0.41, [0.19-0.89], 

p=0.023) as shown in Figure 5.4B. In other high-risk subgroups, age ≥50 years and male gender had 

lesser degree of HCC risk reduction benefit (weighted SHR 0.67, [0.46-0.98], p=0.039 and weighted SHR 

0.63, [0.43-0.94], p=0.022, respectively). There was a trend towards risk reduction of HCC among DM 

patients (weighted SHR 0.63, [0.38-1.04], p=0.071) and no risk benefit among those with cirrhosis 

features such as thrombocytopenia (weighted SHR 0.73, [0.42-1.29], p=0.279) and albumin ≤35g/L 

(weighted SHR 0.86, [0.48-1.55], p=0.618). 

 

There was no dose-response effect of statin by cDDD due to small sample size in each DDD subgroups 

where the average effective sample size of statin users for cDDD ≤365 and >365 were 677 and 499 

subjects, respectively. However, there was a consistent trend with statin use (cDDD ≤ 365: weighted SHR 

0.70, [0.46-1.08] and cDDD > 365: weighted SHR 0.61, [0.34-1.09]).  
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Table 5.3: Weighted Cox proportional hazards analysis by landmark periods 

 
Number of subjects 

cDDDs use of 

statin 

Hepatocellular 

carcinoma* 
Death 

 Statin users, 

N (=ESS) 

Non-users, 

N (ESS) 
Median [IQR] 

Weighted SHR 

(95% CI) 
P value 

Weighted HR 

(95% CI) 

P 

value 

2-year landmark         

Full method
$
 1176 52337 (1840) 292 [104-571] 0.68 (0.48-0.97) 0.033 0.92 (0.76-1.11) 0.386 

Partial method
#
  1176 52337 (2067) 292 [104-571] 0.56 (0.40-0.80) 0.001 0.86 (0.72-1.04) 0.131 

Differential exposure 

periods
$
  

       

1-year landmark  1365 59166 (1507) 210 [84-400] 0.56 (0.39-0.80) 0.002 0.90 (0.76-1.08) 0.260 

3-year landmark  934 45387 (1073) 481 [218-854] 0.66 (0.44-0.99) 0.043 1.02 (0.82-1.27) 0.882 

All analyses adjusted and weighted according to propensity score weighting of baseline covariates; N: original sample size; ESS: average 

effective sample size among the five multiple imputation datasets; DDD – daily defined dose, according to WHO definition is the 

assumed average maintenance dose per day for a drug and a measurement of drug utilisation in a standardized fashion rather than actual 

days of drug usage 

All weighted Cox proportional hazards analysis results were the average results of five multiple imputation datasets. 

* - Analysis performed with death as competing risk; 
$
 - Full method consists of landmark analysis and 25 baseline covariates (including 

laboratory parameters with missing values) with data imputation analysis, entered into PS model; 
#
 - Partial method: PS weighting model 

of baseline covariates without missing values was performed (the five laboratory covariates with missing values excluded). No data 

imputation analysis 
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Table 5.4: Multiple stratified weighted Cox proportional hazards analysis for hepatocellular carcinoma and death, by dose exposure and 

outcome risks 

 

 Number of subjects cDDDs of statin Hepatocellular carcinoma* Death 

 
Statin users, 

N (=ESS) 

Non-users, 

N (ESS) 
Median [IQR] 

Weighted SHR 

(95% CI) 

P 

value 

Weighted HR 

(95% CI) 

P 

value 

Statin use during 

exposure period 
       

cDDD ≤ 365 677 52337 (3060)  0.70 (0.46-1.08) 0.106 0.94 (0.74-1.18) 0.580 

cDDD > 365 499 52337 (816)  0.61 (0.34-1.09) 0.098 0.93 (0.71-1.12) 0.612 

Subgroups        

High-risk features        

NA user 210 3754 (503) 261 [107-514] 0.41 (0.19-0.89) 0.023 1.04 (0.67-1.62) 0.849 

Age ≥ 50 years 905 9844 (1398) 295 [112-569] 0.67 (0.46-0.98) 0.039 0.93 (0.75-1.15) 0.484 

Male 799 13368 (1204) 306 [130-594] 0.63 (0.43-0.94) 0.022 0.84 (0.66-1.08) 0.171 

Albumin ≤ 35 g/L 255 6606 (414) 328 [129-681] 0.86 (0.48-1.55) 0.618 0.90 (0.68-1.20) 0.491 

ALT > ULN 264 6673 (743) 255 [104-507] 0.71 (0.41-1.25) 0.236 1.26 (0.87-1.82) 0.227 

Thrombocytopenia 219 6662 (286) 303 [112-574] 0.73 (0.42-1.29) 0.279 1.10 (0.74-1.63) 0.633 

DM 531 3856 (936) 281 [104-541] 0.63 (0.38-1.04) 0.071 1.20 (0.94-1.52) 0.141 

Low-risk features        

NA non-user 966 48584 (1626) 298 [103-584] 0.78 (0.52-1.16) 0.213 0.94 (0.76-1.15) 0.537 

Age < 50 years 271 42493 (328) 285 [91-572] 0.83 (0.32-2.14) 0.698 1.11 (0.54-2.31) 0.765 
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Female 377 38969 (803) 262 [77-523] 0.84 (0.38-1.84) 0.664 1.10 (0.80-1.53) 0.556 

Albumin > 35 g/L 903 19708 (1310) 287 [101-558] 0.54 (0.33-0.86) 0.010 0.93 (0.71-1.21) 0.578 

ALT ≤ ULN 890 18985 (1251) 299 [105-595] 0.60 (0.38-0.96) 0.033 0.88 (0.71-1.10) 0.276 

No thrombocytopenia 842 32172 (1146) 264 [100-578] 0.80 (0.46-1.40) 0.436 0.97 (0.76-1.23) 0.788 

All stratified weighted Cox proportional hazards analysis results were the average results of five multiple imputation datasets in the 2-year 

landmark cohort after PS weighting  

* - Analysis performed with death as competing risk; N: original sample size based on that subgroup variable without missing value; ESS: 

average effective sample size among the five multiple imputation datasets; NA user - nucleos(t)ide analogue initiated at study baseline; all 

analyses adjusted and weighted according to propensity score weighting of baseline covariates; thrombocytopenia – platelet count < 

150x10
9
/L, as a proxy for portal hypertension 
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Figure 5.4: Weighted cumulative incidence of hepatocellular carcinoma (HCC) and death 

at 8 years: (A) whole cohort; (B) nucleos(t)ide analogue (NA) users; (C) NA non-users (2-

year landmark analysis, for a single multiple imputation dataset). 

 

(A) 

!

Weighted SHR 0.68; 95% CI 0.48-0.97, p=0.033 Weighted HR 0.92; 95% CI 0.76-1.11, p=0.386 

 
No. at risk                   

Nonuser 1893 1429 1095 834 667 489 361 251 175 1893 1453 1129 863 691 507 377 263 184 

Statin user 1176 772 496 363 280 206 130 81 43 1176 778 505 369 285 211 136 85 46 

 

(B) 

!

Weighted HR 1.04; 95% CI 0.67-1.62, p=0.849 Weighted SHR 0.41; 95% CI 0.19-0.89, p=0.023 

 
No. at risk                   

Nonuser 537 428 332 254 186 139 101 64 47   537 445 353 271 200 149 108 71 54 

Statin user 210 162 104 75 64 48 27 11 5   210 164 104 75 64 49 28 11 5 
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(C) 

!

Weighted SHR 0.78; 95% CI 0.52-1.16, p=0.213 Weighted HR 0.94; 95% CI 0.76-1.15, p=0.537 

 
No. at risk                   

Nonuser 1625 1204 908 693 563 426 314 221 153   1625 1219 927 712 580 439 326 233 159 

Statin user 966 610 392 288 216 158 103 70 38   966 614 401 294 221 162 108 74 41 
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5.4 Discussion 

This study examined the effect of statin in the primary prevention of HCC in a large population 

of HBV-infected patients while abrogated confounders and biases using concurrent methods of 

landmark analysis with PS weighting and multiple imputations for missing data. Among HBV 

patients who were alive, event-free for two years, statin therapy initiated during the exposure 

period can achieve 32% risk reduction in HCC during follow-up. Furthermore, there was a 

greater synergistic effect was seen among the high-risk NA users whom concurrent use of statin 

provided 59% risk reduction in HCC compared to NA users alone.  

 

This study cohort represented a typical hospital-based HBV population, with unadjusted HCC 

incidence of 1.75 per 100 patient-years of follow-up in the raw data, similar to previous hospital-

based HBV cohort described in the literature.
329, 330

 After the 2-year landmark analysis, the crude 

HCC incidence was 0.52 per 100 patient-years. This was still higher than the HCC incidence of 

0.31 per 100 patient-years described in the previous study, which the latter is likely to represent 

low risk HBV carriers.
242

 In addition, the statin users in this study cohort were at higher risk with 

a crude HCC incidence of 1.24 per 100 patient-years before adjustment. The HCC risk reduction 

with statin treatment in this study was similar to that reported in a recent meta-analysis (adjusted 

OR 0.63; 95% CI, 0.52-0.76, I
2
=59%).

239
 The dose-dependent effect of statin could not be 

demonstrated due to the loss of statistical power from exclusion of numerous early onset HCCs 

and deaths occurring within the exposure period as per the landmark method. Subsequently, the 

number of cases was small after further categorization into dose exposures. The method of 

eliminating immortal time bias required both groups (statin user and non-user) have two-year 

exposure period, where during the exposure period, the HCC are excluded in both groups 

simultaneously. The exposure of statin in the exposure period defines the treatment group – 

similar to a randomized controlled trial. But as the exposure period is longer, more early onset 
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HCCs and deaths would be excluded. Both statin user and non-user groups started follow-up at 

the end of the exposure period; such approach was intended to minimise any treatment bias 

favouring statin use if the untreated group had more early onset HCCs in the first two years. 

Therefore in the current study, analyses of variable exposure periods of 1-year and 3-year 

periods were performed to ensure consistent results and minimise any bias. This method is offset 

by less statin users in the 1-year exposure period and more statin users in the 3-year exposure 

period (Supplementary Figure 1 & 2). 

 

This study demonstrated the consistent protective effect of statin in preventing HCC 

development in different landmark cohorts as well as other high-risk subgroups. One could not 

show the benefit of statin use in NA untreated patients. This may reflect a larger number of cases 

needed to exhibit the benefit in this group of lower HCC risk. A meta-analysis showed that 5,209 

HBV-infected East Asian men, with age-adjusted HCC incidence of 0.04 per 100 person-years, 

would need to be treated (NNT) with statin to prevent one case of HCC. On the other hand, the 

NNT in East Asian men with HBV cirrhosis was 57 in whom the HCC incidence was higher (3.7 

per 100 person-years).
239

 A large population study shown that the unadjusted NNT with NA to 

prevent one HCC was seven.
331

 In this study, a further 59% risk reduction in HCC can be 

achieved with the addition of statin among NA users. It is possible that those with the highest 

HCC risk (the NA users) may benefit the most from statin chemoprevention. The underlying 

inhibitory mechanism of statin in hepatocarcinogensis is not entirely clear but several pathways 

have been postulated, including MYC regulation 
241

, cell cycle arrest and apoptosis,
332

 and 

inhibition of STAT3 phosphorylation.
333

 Another possible mechanism is the potential synergism 

between statin and NA; as the current study finding echoed the result of an in vitro study 

suggesting that the anti-HBV effect of NA was potentiated by the addition of simvastatin.
334

 

Whether this synergistic effect on HCC risk in this study was directly related to the potentiated 

inhibition of viral replication or by other means remains unknown. The antiviral effect of statin 
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in viral hepatitis infection is not new. Previous studies have shown the synergistic antiviral effect 

of statin in HCV treatment resulting in higher sustained virological response.
335, 336

 Prospective 

studies are needed in the future to clarify this issue. In a recent large national cohort study of 

veterans with HCV infection, the addition of statin was significantly associated with increased 

odds of sustained virological response (SVR) in those treated interferon-based treatment, (OR 

1.44; 1.29-1.61), in addition lower cirrhosis progression rate (HR 0.56; 0.50-0.63) and incident 

HCC cases (HR 0.51; 0.34-0.76).
337

 The result of lower cirrhosis progression among statin users 

in this study was also supported by two studies based on HCV cohorts from Taiwan and USA.
338, 

339
 Therefore, the pleiotrophic effect of statin seems to extend beyond the favourable and known 

anti-proliferative, anti-tumour effects; there may be an associated anti-fibrotic effect related to 

the upregulation of  transcription factor, Kruppel-like factor 2 (KLF2) which is induced by 

statin.
340

  

 

Statin use was not associated with mortality benefit in this study and this finding was similar to 

several studies in the past which had demonstrated conflicting results on statin use and mortality 

benefit.
341-343

 The information on the cause of death was not available in the database but it is 

plausible that the non-users may develop HCC related deaths while the statin users may die from 

other causes. Although statin users may be at high risk of non-liver death and those died during 

the exposure period were excluded, the absence of mortality benefit was consistently seen in the 

1-year and 3-year landmark analysis.  

 

To this end, this study is the largest population study of HBV patients with high risk of HCC. 

This is the first study on the chemopreventive effect of statin on HCC that utilized statistical 

methods to adjust for confounders and biases. The landmark method, adjusted for an unbiased 

effect of statin use on HCC by eliminating immortal time bias. To complement this, the 

simultaneously adjustment for a significant number of baseline factors and other potential 
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chemopreventive drug use was performed by using PS weighting. In addition, the weighted Cox 

regression analyses with death as competing risk provided a more accurate HCC risk analysis.  

 

This is the only population study examining HCC-risk among HBV patients currently exists 

which incorporated laboratory parameters and weighted both the severity of liver disease, anti-

DM medications
228

 and DM duration
304, 344

 simultaneously, to truly differentiate the underlying 

HCC risk between the groups. Using PS weighting to balance on ALT, albumin, bilirubin, 

creatinine, platelet count, and history of cirrhosis complications between the two groups, not 

only was the “sick non-user” status adjusted for but also underlying liver dysfunction. 

Furthermore, these parameters mentioned are all important prognostic indicators of patients with 

chronic liver disease.
43, 144

  

 

The limitations of this study were that of a landmark analysis: the loss of statistical power as 

previously discussed. Thus one could only show consistent result with a trend towards 

significance among the DM patients.  In addition, the statin users before baseline were excluded 

because the extended and established statin use at baseline would overestimate the 

chemopreventive effect. By ignoring statin group membership after the landmark date according 

to the Landmark method, many statin users were designated as non-users and hence reduced the 

sample size but this approach provided unbiased estimation of conditional time-to-event 

probabilities.
313

 As inadvertent selection bias may have occurred in previous study
242

 by 

arbitrarily setting a baseline date for follow-up and determine the baseline treatment group 

within the population;
240, 345

 the landmark method would avoid such bias. Another limitation was 

that this was an observational study thus residual confounders may still exist as factors not 

included in the analyses might have influenced the results. The causes of death could not be 

explored further based on the existing data with absence of unmeasured confounders such as 

smoking status and the severity of hypercholesterolemia.  
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A proportion of the cohort had missing values of the baseline laboratory parameters. Despite this 

limitation, the analysis of PS weighting of the 20 baseline covariates (excluding the laboratory 

parameters) showed consistent chemopreventive effect of statin. This indicated the multiple 

imputation method did not confound the accuracy of the results, but remedied the imperfection 

of missing data, and minimized the instability of statistical models given the low event rate and 

preserve sample size and statistical power of the study.
346

 In this study, one could only estimate 

the average treatment effect of the treated rather than average treatment effect in general because 

statin users are less healthy in this hospital-based registry study therefore it is impossible to 

generalize the effect of statin in this study onto the entire population with varying degree of HCC 

risks. Finally, given the nature of registry database, some important HCC risks were not 

available including lifestyle factors such as alcohol use and viral factors like HBV viral load and 

genotype. 

 

5.5 Conclusion 

In this population study, statin use was associated with 33-44% decreased risk of HCC but did 

not reduce mortality, in the hospital-based HBV population whom have high risk of developing 

HCC. The additive HCC risk reduction among the synergistic use of NA and statin merits further 

investigation in prospective trials. 
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5.6 Supplementary Materials 

5.6.1 Supplementary Table 1 

Disease diagnosis and corresponding ICD-9 codes 

Disease diagnosis ICD-9 codes Additional note 

Hepatitis B infection  

 

070.2x-070.3x 

070.42, 070.49, 070.59, 070.6, 070.9,  

571.4x-571.5, 571.8, 571.9, 573.1-

573.3 

V02.61 

Plus positive hepatitis B 

surface antigen (HBsAg) 

on laboratory parameter 

Cirrhosis complications   

Plus positive hepatitis B 

surface antigen (HBsAg) 

on laboratory parameter 

 Hepatic 

Encephalopathy 

348.3, 348.30, 348.31, 348.39,  

349.82 
 

 Varices 456.0-456.21, 456.8  

 Peritonitis/Other 

portal complications 

567.0-567.2, 567.8 

572.1-572.4, 572.8, 573.4 
 

 Ascites 789.5  

Hepatocellular 

Carcinoma 

155.0, 155.2 

230.8, 235.3 

V100.7 

Plus positive hepatitis B 

surface antigen (HBsAg) 

on laboratory parameter 

Cardiac diseases (acute 

coronary syndrome, heart 

failure) 

410.00-410.92,  

428.0-428.43, 428.9 
 

Cerebrovascular events 

(ischemic, haemorrhagic 

strokes and transient 

ischemic attacks) 

430-434.91,  

435.8, 435.9 

 

 

Type 2 diabetes mellitus 

and related outcomes  

250.00, 250.02, 250.10, 250.12, 

250.20, 250.22, 250.40, 250.42, 

250.50, 250.52, 250.60, 250.62, 

250.70, 250.72, 250.80, 250.82, 

250.90, 250.92 

Type 1 diabetes and 

related outcomes not 

retrieved 
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5.6.2 Supplementary Table 2:  

Medication details collected for this study 

Medications 
The following medications (with prescription dates and duration of each 

prescription) of patients included in this study: 

Statins (types) 

Atorvastatin (lipophilic): 

ATOR01, ATOR02, ATOR03, ATOR04,  

Fluvastatin (hydrophilic):  

FLUV02, FLUV05 

Rosuvastatin (hydrophilic):  

ROSU01, ROSU02 

Simvastatin(lipophilic): 

SIMV01, SIMV02, SIMV04 

Other lipid-lowering drugs CHOL04, CHOL10, EZET01, GEMF01, GEMF02, NICO01 

Antiviral agents 

Nucleos(t)ide analogue: 

ADEF01, ENTE01, ENTE02, LAMI07, LAMI08, LAMI09, LAMI10, 

TELB01, TENO03,  

Interferon: 

PEGI07, PEGI08, PEGI09, PEGI10, PEGI11, PEGI12 

Anti-diabetic drugs  

 Acarbose ACAR01, ACAR02 

 Sulphonylurea GLIB02, GLIC01, GLIC02, GLIM02, GLIM03, GLIP01, TOLB01 

 Insulin 

INSU02, INSU03, INSU06, INSU15, INSU16, INSU25, INSU 26, 

INSU27, INSU35, INSU36, INSU37, INSU39, INSU41, INSU42, 

INSU43, INSU45, 

 Metformin METF02, METF03 

 Thiazolidinediones PIOG01, PIOG02, ROSI01, ROSI02. ROSI03 

Nonsteroidal anti-inflammatory 

drugs 

DICL01, DICL02, DICL03, DICL10, DICL12, DICL13, IBUP01, 

IBUP02, INDO02, INDO03, KETO12, MEFE01, NAPR01, SULI01 

Antiplatelet agents ASPI02, DIPY01, DIPY02, CLOP05 

Anticoagulant WARF01, WARF02, WARF03 

Loop diuretics BUME01, FRUS01, FRUS02, FRUS03, FRUS04, FRUS10, 

Other diuretics 
AMIL01, DYAZ01, HYDR05, INDA01, INDA02, METO05, MODU01, 

SPIR01, SPIR04 
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Angiotensin-converting-enzyme 

inhibitor/ Angiotensin II Receptor 

Blocker 

CAND01, CAPT01, CO-D01, ENAL01, ENAL02, ENAL03, IRBE01, 

IRBE02, LISI01, LISI02, LISI03, LOSA01, LOSA02, LOSA03, 

MICA01, PERI17, RAMI01, RAMI02, TELM01, TELM02, VALS02, 

VALS03 

Beta-blockers 

ATEN01, ATEN02, CARV02, CARV03, CARV04, CARV01, 

ESMO01, LABE01, LABE05, METO06, METO07, METO09, 

PINDO01, PROP04, PROP05, PROP08, SOTA01, BISO01, BISO02, 

CELI01, ESMO01, NADO01 
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5.6.3 Supplementary Figure 1:  

Flowchart of Hospital Authority database subject identification and the enrollment for the 

study by 1-year landmark analysis. *A patient may fulfill more than one exclusion 

criteria.  
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5.6.4 Supplementary Figure 2:  

Flowchart of Hospital Authority database subject identification and enrollment for the 

study by 3-year landmark analysis. *A patient may fulfill more than one exclusion 

criteria.  
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5.6.5 Supplementary Figure 3: 

Unweighted cumulative incidence of HCC and death at 8 years: (A) Whole cohort; (B) 

NA users; (C) NA non-users (2-year landmark analysis) 

 

(A) 

 

 

(B) 

 

 

(C) 
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Chapter 6  Conclusions 
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Chronic liver disease and cirrhosis complications cause significant morbidity and mortality. In 

Asia Pacific region, HBV is the most common cause of cirrhosis in Asia Pacific and HCC still 

remains to be a common cancer and third most common cause of cancer mortality globally. In 

Chapter 1, the pathophysiology, aetiology and complications of cirrhosis were reviewed. This 

chapter also examined the prognostic predictors of cirrhosis as well as how chronic HBV 

infection is an important cause of HCC, cirrhosis and liver-related mortality in Asia Pacific. The 

interplay between hepatic steatosis, MetS, and HBV infection was also discussed. The 

unresolved issues and unanswered questions formulated the hypotheses for this thesis. Here on, 

the evidence either supports or disapproves these hypotheses will be shown. 

 

Hypothesis 1: The incidence of liver cirrhosis and liver-related complications in NZ is rising 

due to the aging cohort effect from the NAFLD and HCV epidemics. However, the leading cause 

of liver-related morbidity and mortality remains chronic HBV infection. In adult New 

Zealanders with chronic HBV infection, mortality from both liver-related and extrahepatic 

complications has risen over the past decade because of the impact of obesity in Maori and 

Pacific Island populations. 

 

In Chapter 2, the epidemiology of liver cirrhosis in South Auckland, NZ was identified. The 

ethnic differences in cirrhosis aetiology, the adjusted incidence rate of different aetiologies and 

mortality were presented. These results showed that the age- and ethnicity-adjusted IRR of 

NAFLD and ALD cirrhosis were rising. And the IRR of the HBV cirrhosis was dropping 

possibly related to introduction of HBV vaccination and potent antiviral treatment.
233, 261, 262

 

However, the IRR of the important HBV-related outcomes such as HCC incidence, liver- and 

HCC-related mortality have increased in the last 12 years. 
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It has also been identified that the prevalence of cirrhosis patients would continue to rise over the 

next ten years in South Auckland. Finally some predictors associated with liver-related mortality 

were identified in multivariate analysis. These include old age, male gender, high MELD score, 

low albumin and low platelet count. Certain ethnic groups such as Maori and Pacific people were 

at much higher risk of HCC-related mortality possibly related to obesity and MetS or possibly 

poor health access. 

 

Hypothesis 2: MetS delays HBeAg seroclearance in HBV patients and that DM affects the 

immune response associated with HBeAg seroclearance 

 

Chapter 3 showed that the existing data have suggested MetS may delay HBeAg seroclearance in 

Chinese HBV patients, providing a plausible mechanism of which MetS could increase the risk 

of HCC and cirrhosis by affecting the virological response of the host. Neither the presence of 

NASH nor hepatic steatosis influenced the virological response. Of all the components of MetS, 

type 2 DM at baseline was a predictor of delayed HBeAg seroclearance after adjusted for viral, 

host and metabolic factors. It is postulated that the obesity-related hormones‟ influence on 

immune responses and cirrhosis progression, is likely to be complex and dynamic.
290, 291

 

 

Hypothesis 3: The presence of DM at the time of cirrhosis diagnosis will increase the risk of 

liver complications, HCC, and mortality, compared to the non-DM patients. Secondly, poor DM 

control is associated with increased risk of liver complications and mortality. 

 

In Chapter 4, the presence of DM prior to the onset of liver cirrhosis was associated with a two-

fold increased risk in the development of HCC, cirrhosis complications, liver-related mortality or 

OLT and overall mortality or OLT. In addition, those with poor DM control at the time of 

cirrhosis diagnosis had a two-fold increased risk of liver-related complications, almost four-fold 
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increased risk in HCC development and a two-fold increased risk of death or OLT, after adjusted 

for host factor, viral factor, antiviral therapy use and advanced cirrhosis.  

 

Hypothesis 4: Statin can reduce the risk of HCC and death in HBV patients, after correcting for 

some common and potential statistical biases and confounders. 

 

In Chapter 5, the use of multiple methods to eliminate common statistical biases, confounders 

and missing data, showed that statin use could reduce HCC risk during follow-up by 32% (if 

statin was started in HBV patients who were alive and event-free for two years). Furthermore, 

there was a synergistic 59% effect on HCC risk reduction among those who used NA and statin, 

compared to NA users alone. Statin use did not influence the overall mortality among HBV 

patients. 

 

To conclude, this thesis presented some important findings: First, the rising incidence rate ratio 

of liver-related mortality, symptomatic HCC, and increasing cirrhosis burden over the last 12-

year period is a major concern. There is a need for improvement in cirrhosis detection, 

surveillance for complications and screen at risk population for chronic liver disease is vital. 

Secondly, the presence of MetS could influence the virological response in chronic HBV 

patients, however such finding needs further validation in studies of longer follow-up and 

younger patients. Thirdly, the presence of pre-existing DM before the onset of HBV cirrhosis 

diagnosis increases the risk of HCC, liver complications, HCC-related, liver-related and all-

cause mortality even adjusted for advanced cirrhosis as a cause of confounding hepatogenous 

diabetes. Further prospective studies are required to see if aggressive control of metabolic risks, 

improving insulin resistance may reduce the risk of liver-related morbidity and mortality in these 

patients with HBV cirrhosis and DM. Finally, the use of statin in HCC prevention in chronic 
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HBV patients will require further investigation into the synergism between NA and statin use in 

HCC risk reduction. 



 

   

144 

Reference 

 

1. Pinzani M, Rombouts K. Liver fibrosis: from the bench to clinical targets. Dig Liver 
Dis 2004;36:231-42. 

2. Schuppan D, Afdhal NH. Liver cirrhosis. Lancet 2008;371:838-51. 
3. Martell M, Coll M, Ezkurdia N, et al. Physiopathology of splanchnic vasodilation in 

portal hypertension. World J Hepatol 2010;2:208-20. 
4. Moreira RK. Hepatic stellate cells and liver fibrosis. Arch Pathol Lab Med 

2007;131:1728-34. 
5. Seki E, De Minicis S, Osterreicher CH, et al. TLR4 enhances TGF-beta signaling and 

hepatic fibrosis. Nat Med 2007;13:1324-32. 
6. Villanueva A, Chiang DY, Newell P, et al. Pivotal role of mTOR signaling in 

hepatocellular carcinoma. Gastroenterology 2008;135:1972-83, 1983 e1-11. 
7. Friedman SL. Mechanisms of hepatic fibrogenesis. Gastroenterology 

2008;134:1655-69. 
8. Batts KP, Ludwig J. Chronic hepatitis. An update on terminology and reporting. Am J 

Surg Pathol 1995;19:1409-17. 
9. Bataller R, Brenner DA. Liver fibrosis. J Clin Invest 2005;115:209-18. 
10. Rovida E, Navari N, Caligiuri A, et al. ERK5 differentially regulates PDGF-induced 

proliferation and migration of hepatic stellate cells. J Hepatol 2008;48:107-15. 
11. Campillo B, Pernet P, Bories PN, et al. Intestinal permeability in liver cirrhosis: 

relationship with severe septic complications. Eur J Gastroenterol Hepatol 
1999;11:755-9. 

12. Pascual S, Such J, Esteban A, et al. Intestinal permeability is increased in patients 
with advanced cirrhosis. Hepatogastroenterology 2003;50:1482-6. 

13. Seo YS, Shah VH. The role of gut-liver axis in the pathogenesis of liver cirrhosis and 
portal hypertension. Clin Mol Hepatol 2012;18:337-46. 

14. Paik YH, Schwabe RF, Bataller R, et al. Toll-like receptor 4 mediates inflammatory 
signaling by bacterial lipopolysaccharide in human hepatic stellate cells. Hepatology 
2003;37:1043-55. 

15. Shah N, Dhar D, El Zahraa Mohammed F, et al. Prevention of acute kidney injury in a 
rodent model of cirrhosis following selective gut decontamination is associated with 
reduced renal TLR4 expression. J Hepatol 2012;56:1047-53. 

16. Miller AM, Masrorpour M, Klaus C, et al. LPS exacerbates endothelin-1 induced 
activation of cytosolic phospholipase A2 and thromboxane A2 production from 
Kupffer cells of the prefibrotic rat liver. J Hepatol 2007;46:276-85. 

17. Rockey DC, Chung JJ. Reduced nitric oxide production by endothelial cells in 
cirrhotic rat liver: endothelial dysfunction in portal hypertension. Gastroenterology 
1998;114:344-51. 

18. Morales-Ruiz M, Cejudo-Martin P, Fernandez-Varo G, et al. Transduction of the liver 
with activated Akt normalizes portal pressure in cirrhotic rats. Gastroenterology 
2003;125:522-31. 

19. Gupta TK, Toruner M, Chung MK, et al. Endothelial dysfunction and decreased 
production of nitric oxide in the intrahepatic microcirculation of cirrhotic rats. 
Hepatology 1998;28:926-31. 

20. Shah V, Toruner M, Haddad F, et al. Impaired endothelial nitric oxide synthase 
activity associated with enhanced caveolin binding in experimental cirrhosis in the 
rat. Gastroenterology 1999;117:1222-8. 



 

   

145 

21. Arkenau HT, Stichtenoth DO, Frolich JC, et al. Elevated nitric oxide levels in patients 
with chronic liver disease and cirrhosis correlate with disease stage and parameters 
of hyperdynamic circulation. Z Gastroenterol 2002;40:907-13. 

22. Bosch J, Berzigotti A, Garcia-Pagan JC, et al. The management of portal hypertension: 
rational basis, available treatments and future options. J Hepatol 2008;48 Suppl 
1:S68-92. 

23. Bosch J, Abraldes JG, Berzigotti A, et al. The clinical use of HVPG measurements in 
chronic liver disease. Nat Rev Gastroenterol Hepatol 2009;6:573-82. 

24. Younossi ZM, Stepanova M, Afendy M, 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;9:524-530 e1; quiz e60. 

25. Kojima S, Watanabe N, Numata M, et al. Increase in the prevalence of fatty liver in 
Japan over the past 12 years: analysis of clinical background. J Gastroenterol 
2003;38:954-61. 

26. Chitturi S, Farrell GC, Hashimoto E, et al. Non-alcoholic fatty liver disease in the Asia-
Pacific region: definitions and overview of proposed guidelines. J Gastroenterol 
Hepatol 2007;22:778-87. 

27. Farrell GC, Wong VW, Chitturi S. NAFLD in Asia--as common and important as in the 
West. Nat Rev Gastroenterol Hepatol 2013;10:307-18. 

28. Chen CJ, Wang LY, Yu MW. Epidemiology of hepatitis B virus infection in the Asia-
Pacific region. J Gastroenterol Hepatol 2000;15 Suppl:E3-6. 

29. Chan CY, Lee SD, Lo KJ. Legend of hepatitis B vaccination: the Taiwan experience. J 
Gastroenterol Hepatol 2004;19:121-6. 

30. Lavanchy D. Hepatitis B virus epidemiology, disease burden, treatment, and current 
and emerging prevention and control measures. J Viral Hepat 2004;11:97-107. 

31. Beasley RP, Hwang LY, Lin CC, et al. Hepatocellular carcinoma and hepatitis B virus. 
A prospective study of 22 707 men in Taiwan. Lancet 1981;2:1129-33. 

32. Leung N, Chu C, Tam JS. Viral hepatitis C in Hong Kong. Intervirology 2006;49:23-7. 
33. Cui Y, Jia J. Update on epidemiology of hepatitis B and C in China. J Gastroenterol 

Hepatol 2013;28 Suppl 1:7-10. 
34. New Zealand Census 2006 Auckland: Statistics, New Zealand, 2006. 
35. Robinson T, Bullen C, Humphries W, et al. The New Zealand Hepatitis B Screening 

Programme: screening coverage and prevalence of chronic hepatitis B infection. N Z 
Med J 2005;118:U1345. 

36. Weir RP, Brunton CR, Blakely TA. Chronic liver disease mortality attributable to 
hepatitis B and C in New Zealand. J Gastroenterol Hepatol 2002;17:582-8. 

37. Amin J, Gidding H, Gilbert G, et al. Hepatitis C prevalence--a nationwide serosurvey. 
Commun Dis Intell Q Rep 2004;28:517-21. 

38. Mason K, Stefanogiannis N, Templeton R, et al. The health of New Zealand adults 
2011/12 key findings of the New Zealand health survey. Wellington, N.Z.: Ministry 
of Health,, 2012:1 electronic document (xi, 174 p.). 

39. Ministry of H. New Zealand Health Survey: Annual update of key findings 2012/13. 
Wellington: Ministry of Health, 2013. 

40. Kerr WC, Fillmore KM, Marvy P. Beverage-specific alcohol consumption and 
cirrhosis mortality in a group of English-speaking beer-drinking countries. 
Addiction 2000;95:339-46. 

41. Connor J, Kydd R, Shield K, et al. The burden of disease and injury attributable to 
alcohol in New Zealanders under 80 years of age: marked disparities by ethnicity 
and sex. N Z Med J 2015;128:15-28. 

42. Bosch J, Garcia-Pagan JC, Berzigotti A, et al. Measurement of portal pressure and its 
role in the management of chronic liver disease. Semin Liver Dis 2006;26:348-62. 



 

   

146 

43. D'Amico G, Garcia-Tsao G, Pagliaro L. Natural history and prognostic indicators of 
survival in cirrhosis: a systematic review of 118 studies. J Hepatol 2006;44:217-31. 

44. Garcia-Tsao G, Sanyal AJ, Grace ND, et al. Prevention and management of 
gastroesophageal varices and variceal hemorrhage in cirrhosis. Hepatology 
2007;46:922-38. 

45. Merli M, Nicolini G, Angeloni S, et al. Incidence and natural history of small 
esophageal varices in cirrhotic patients. J Hepatol 2003;38:266-72. 

46. Bambha K, Kim WR, Pedersen R, et al. Predictors of early re-bleeding and mortality 
after acute variceal haemorrhage in patients with cirrhosis. Gut 2008;57:814-20. 

47. D'Amico G, De Franchis R, Cooperative Study G. Upper digestive bleeding in 
cirrhosis. Post-therapeutic outcome and prognostic indicators. Hepatology 
2003;38:599-612. 

48. D'Amico G, Pagliaro L, Bosch J. Pharmacological treatment of portal hypertension: 
an evidence-based approach. Semin Liver Dis 1999;19:475-505. 

49. Schepke M, Kleber G, Nurnberg D, et al. Ligation versus propranolol for the primary 
prophylaxis of variceal bleeding in cirrhosis. Hepatology 2004;40:65-72. 

50. Lo GH, Chen WC, Chen MH, et al. Endoscopic ligation vs. nadolol in the prevention of 
first variceal bleeding in patients with cirrhosis. Gastrointest Endosc 2004;59:333-
8. 

51. Moore KP, Wong F, Gines P, et al. The management of ascites in cirrhosis: report on 
the consensus conference of the International Ascites Club. Hepatology 
2003;38:258-66. 

52. Arroyo V, Colmenero J. Ascites and hepatorenal syndrome in cirrhosis: 
pathophysiological basis of therapy and current management. J Hepatol 2003;38 
Suppl 1:S69-89. 

53. Gines P, Cardenas A, Arroyo V, et al. Management of cirrhosis and ascites. N Engl J 
Med 2004;350:1646-54. 

54. Runyon BA, Committee APG. Management of adult patients with ascites due to 
cirrhosis: an update. Hepatology 2009;49:2087-107. 

55. European Association for the Study of the L. EASL clinical practice guidelines on the 
management of ascites, spontaneous bacterial peritonitis, and hepatorenal 
syndrome in cirrhosis. J Hepatol 2010;53:397-417. 

56. Angeli P, Fasolato S, Mazza E, et al. Combined versus sequential diuretic treatment 
of ascites in non-azotaemic patients with cirrhosis: results of an open randomised 
clinical trial. Gut 2010;59:98-104. 

57. Guarner C, Soriano G. Spontaneous bacterial peritonitis. Semin Liver Dis 
1997;17:203-17. 

58. Sheer TA, Runyon BA. Spontaneous bacterial peritonitis. Dig Dis 2005;23:39-46. 
59. Bernardi M. Spontaneous bacterial peritonitis: from pathophysiology to prevention. 

Intern Emerg Med 2010;5 Suppl 1:S37-44. 
60. Follo A, Llovet JM, Navasa M, et al. Renal impairment after spontaneous bacterial 

peritonitis in cirrhosis: incidence, clinical course, predictive factors and prognosis. 
Hepatology 1994;20:1495-501. 

61. Hampel H, Bynum GD, Zamora E, et al. Risk factors for the development of renal 
dysfunction in hospitalized patients with cirrhosis. Am J Gastroenterol 
2001;96:2206-10. 

62. Hoefs JC. Spontaneous bacterial peritonitis: prevention and therapy. Hepatology 
1990;12:776-81. 

63. Franca AV, De Souza JB, Silva CM, et al. Long-term prognosis of cirrhosis after 
spontaneous bacterial peritonitis treated with ceftriaxone. J Clin Gastroenterol 
2001;33:295-8. 



 

   

147 

64. Tsung PC, Ryu SH, Cha IH, et al. Predictive factors that influence the survival rates in 
liver cirrhosis patients with spontaneous bacterial peritonitis. Clin Mol Hepatol 
2013;19:131-9. 

65. Holland DJ, Sorrell TC. Antimicrobial therapy and prevention of spontaneous 
bacterial peritonitis. J Gastroenterol Hepatol 1993;8:370-4. 

66. Lontos S, Gow PJ, Vaughan RB, et al. Norfloxacin and trimethoprim-
sulfamethoxazole therapy have similar efficacy in prevention of spontaneous 
bacterial peritonitis. J Gastroenterol Hepatol 2008;23:252-5. 

67. Singh N, Gayowski T, Yu VL, et al. Trimethoprim-sulfamethoxazole for the 
prevention of spontaneous bacterial peritonitis in cirrhosis: a randomized trial. Ann 
Intern Med 1995;122:595-8. 

68. Dagher L, Moore K. The hepatorenal syndrome. Gut 2001;49:729-37. 
69. Moore K. The hepatorenal syndrome. Clinical Science 1997;92:433-444. 
70. Arroyo V, Fernandez J, Gines P. Pathogenesis and treatment of hepatorenal 

syndrome. Semin Liver Dis 2008;28:81-95. 
71. Cardenas A, Gines P. Therapy insight: Management of hepatorenal syndrome. Nat 

Clin Pract Gastroenterol Hepatol 2006;3:338-48. 
72. Gines P, Guevara M, Arroyo V, et al. Hepatorenal syndrome. Lancet 2003;362:1819-

27. 
73. Alessandria C, Ozdogan O, Guevara M, et al. MELD score and clinical type predict 

prognosis in hepatorenal syndrome: relevance to liver transplantation. Hepatology 
2005;41:1282-9. 

74. Cordoba J, Minguez B. Hepatic encephalopathy. Semin Liver Dis 2008;28:70-80. 
75. Strauss E, da Costa MF. The importance of bacterial infections as precipating factors 

of chronic hepatic encephalopathy in cirrhosis. Hepatogastroenterology 
1998;45:900-4. 

76. Basile AS, Jones EA. Ammonia and GABA-ergic neurotransmission: interrelated 
factors in the pathogenesis of hepatic encephalopathy. Hepatology 1997;25:1303-5. 

77. Sabbaj J, Sutter VL, Finegold SM. Urease and deaminase activities of fecal bacteria in 
hepatic coma. Antimicrob Agents Chemother (Bethesda) 1970;10:181-5. 

78. Uribe M, Campollo O, Vargas F, et al. Acidifying enemas (lactitol and lactose) vs. 
nonacidifying enemas (tap water) to treat acute portal-systemic encephalopathy: a 
double-blind, randomized clinical trial. Hepatology 1987;7:639-43. 

79. Riggio O, Varriale M, Testore GP, et al. Effect of lactitol and lactulose administration 
on the fecal flora in cirrhotic patients. J Clin Gastroenterol 1990;12:433-6. 

80. Sharma BC, Sharma P, Agrawal A, et al. Secondary prophylaxis of hepatic 
encephalopathy: an open-label randomized controlled trial of lactulose versus 
placebo. Gastroenterology 2009;137:885-91, 891 e1. 

81. Bajaj JS, Sanyal AJ, Bell D, et al. Predictors of the recurrence of hepatic 
encephalopathy in lactulose-treated patients. Aliment Pharmacol Ther 
2010;31:1012-7. 

82. Alexander T, Thomas K, Cherian AM, et al. Effect of three antibacterial drugs in 
lowering blood & stool ammonia production in hepatic encephalopathy. Indian J 
Med Res 1992;96:292-6. 

83. Bass NM, Mullen KD, Sanyal A, et al. Rifaximin treatment in hepatic encephalopathy. 
N Engl J Med 2010;362:1071-81. 

84. Sharma BC, Sharma P, Lunia MK, et al. A randomized, double-blind, controlled trial 
comparing rifaximin plus lactulose with lactulose alone in treatment of overt 
hepatic encephalopathy. Am J Gastroenterol 2013;108:1458-63. 



 

   

148 

85. Mas A, Rodes J, Sunyer L, et al. Comparison of rifaximin and lactitol in the treatment 
of acute hepatic encephalopathy: results of a randomized, double-blind, double-
dummy, controlled clinical trial. J Hepatol 2003;38:51-8. 

86. Montagnese S, Biancardi A, Schiff S, et al. Different biochemical correlates for 
different neuropsychiatric abnormalities in patients with cirrhosis. Hepatology 
2011;53:558-66. 

87. Bustamante J, Rimola A, Ventura PJ, et al. Prognostic significance of hepatic 
encephalopathy in patients with cirrhosis. J Hepatol 1999;30:890-5. 

88. Stewart CA, Malinchoc M, Kim WR, et al. Hepatic encephalopathy as a predictor of 
survival in patients with end-stage liver disease. Liver Transpl 2007;13:1366-71. 

89. Chan HL, Sung JJ. Hepatocellular carcinoma and hepatitis B virus. Semin Liver Dis 
2006;26:153-61. 

90. Llovet JM, Burroughs A, Bruix J. Hepatocellular carcinoma. Lancet 2003;362:1907-
17. 

91. Lok AS, McMahon BJ. Chronic hepatitis B. Hepatology 2007;45:507-39. 
92. Chen JD, Yang HI, Iloeje UH, et al. Carriers of inactive hepatitis B virus are still at risk 

for hepatocellular carcinoma and liver-related death. Gastroenterology 
2010;138:1747-54. 

93. Neuveut C, Wei Y, Buendia MA. Mechanisms of HBV-related hepatocarcinogenesis. J 
Hepatol 2010;52:594-604. 

94. El-Serag HB, Rudolph KL. Hepatocellular carcinoma: epidemiology and molecular 
carcinogenesis. Gastroenterology 2007;132:2557-76. 

95. Parkin DM, Bray F, Ferlay J, et al. Global cancer statistics, 2002. CA Cancer J Clin 
2005;55:74-108. 

96. Pons-Renedo F, Llovet JM. Hepatocellular carcinoma: a clinical update. MedGenMed 
2003;5:11. 

97. El-Serag HB. Hepatocellular carcinoma. N Engl J Med 2011;365:1118-27. 
98. Fattovich G, Stroffolini T, Zagni I, et al. Hepatocellular carcinoma in cirrhosis: 

incidence and risk factors. Gastroenterology 2004;127:S35-50. 
99. Yang HI, Sherman M, Su J, et al. Nomograms for risk of hepatocellular carcinoma in 

patients with chronic hepatitis B virus infection. J Clin Oncol 2010;28:2437-44. 
100. Tsai JF, Jeng JE, Ho MS, et al. Effect of hepatitis C and B virus infection on risk of 

hepatocellular carcinoma: a prospective study. Br J Cancer 1997;76:968-74. 
101. Chuang SC, Lee YC, Hashibe M, et al. Interaction between cigarette smoking and 

hepatitis B and C virus infection on the risk of liver cancer: a meta-analysis. Cancer 
Epidemiol Biomarkers Prev 2010;19:1261-8. 

102. Veldt BJ, Chen W, Heathcote EJ, et al. Increased risk of hepatocellular carcinoma 
among patients with hepatitis C cirrhosis and diabetes mellitus. Hepatology 
2008;47:1856-62. 

103. Chen CL, Yang HI, Yang WS, et al. Metabolic factors and risk of hepatocellular 
carcinoma by chronic hepatitis B/C infection: a follow-up study in Taiwan. 
Gastroenterology 2008;135:111-21. 

104. Lai SW, Chen PC, Liao KF, et al. Risk of hepatocellular carcinoma in diabetic patients 
and risk reduction associated with anti-diabetic therapy: a population-based cohort 
study. Am J Gastroenterol 2012;107:46-52. 

105. Greten TF, Papendorf F, Bleck JS, et al. Survival rate in patients with hepatocellular 
carcinoma: a retrospective analysis of 389 patients. Br J Cancer 2005;92:1862-8. 

106. London W, McGlynn K. Liver cancer. Cancer epidemiology and prevention 
1996;3:763-786. 



 

   

149 

107. Amarapurkar D, Han KH, Chan HL, et al. Application of surveillance programs for 
hepatocellular carcinoma in the Asia-Pacific Region. J Gastroenterol Hepatol 
2009;24:955-61. 

108. Bruix J, Sherman M, American Association for the Study of Liver D. Management of 
hepatocellular carcinoma: an update. Hepatology 2011;53:1020-2. 

109. Singal AG, Yopp AC, Gupta S, et al. Failure rates in the hepatocellular carcinoma 
surveillance process. Cancer Prev Res (Phila) 2012;5:1124-30. 

110. Davila JA, Morgan RO, Richardson PA, et al. Use of surveillance for hepatocellular 
carcinoma among patients with cirrhosis in the United States. Hepatology 
2010;52:132-41. 

111. Daniele B, Bencivenga A, Megna AS, et al. Alpha-fetoprotein and ultrasonography 
screening for hepatocellular carcinoma. Gastroenterology 2004;127:S108-12. 

112. Thompson Coon J, Rogers G, Hewson P, et al. Surveillance of cirrhosis for 
hepatocellular carcinoma: systematic review and economic analysis. Health Technol 
Assess 2007;11:1-206. 

113. Zhang BH, Yang BH, Tang ZY. Randomized controlled trial of screening for 
hepatocellular carcinoma. J Cancer Res Clin Oncol 2004;130:417-22. 

114. Llovet JM, Bru C, Bruix J. Prognosis of hepatocellular carcinoma: the BCLC staging 
classification. Semin Liver Dis 1999;19:329-38. 

115. Roayaie S, Obeidat K, Sposito C, et al. Resection of hepatocellular cancer </=2 cm: 
results from two Western centers. Hepatology 2013;57:1426-35. 

116. Livraghi T, Meloni F, Di Stasi M, et al. Sustained complete response and 
complications rates after radiofrequency ablation of very early hepatocellular 
carcinoma in cirrhosis: Is resection still the treatment of choice? Hepatology 
2008;47:82-9. 

117. Bozorgzadeh A, Orloff M, Abt P, et al. Survival outcomes in liver transplantation for 
hepatocellular carcinoma, comparing impact of hepatitis C versus other etiology of 
cirrhosis. Liver Transpl 2007;13:807-13. 

118. Llovet JM, Bruix J. Systematic review of randomized trials for unresectable 
hepatocellular carcinoma: Chemoembolization improves survival. Hepatology 
2003;37:429-42. 

119. Llovet JM, Bustamante J, Castells A, et al. Natural history of untreated nonsurgical 
hepatocellular carcinoma: rationale for the design and evaluation of therapeutic 
trials. Hepatology 1999;29:62-7. 

120. Cabibbo G, Enea M, Attanasio M, et al. A meta-analysis of survival rates of untreated 
patients in randomized clinical trials of hepatocellular carcinoma. Hepatology 
2010;51:1274-83. 

121. Llovet JM, Ricci S, Mazzaferro V, et al. Sorafenib in advanced hepatocellular 
carcinoma. N Engl J Med 2008;359:378-90. 

122. McMahon BJ. The natural history of chronic hepatitis B virus infection. Hepatology 
2009;49:S45-55. 

123. Saito I, Miyamura T, Ohbayashi A, et al. Hepatitis C virus infection is associated with 
the development of hepatocellular carcinoma. Proc Natl Acad Sci U S A 
1990;87:6547-9. 

124. Davila JA, Morgan RO, Shaib Y, et al. Hepatitis C infection and the increasing 
incidence of hepatocellular carcinoma: a population-based study. Gastroenterology 
2004;127:1372-80. 

125. Lai MS, Hsieh MS, Chiu YH, et al. Type 2 diabetes and hepatocellular carcinoma: A 
cohort study in high prevalence area of hepatitis virus infection. Hepatology 
2006;43:1295-302. 



 

   

150 

126. Davila JA, Morgan RO, Shaib Y, et al. Diabetes increases the risk of hepatocellular 
carcinoma in the United States: a population based case control study. Gut 
2005;54:533-9. 

127. El-Serag HB, Hampel H, Javadi F. The association between diabetes and 
hepatocellular carcinoma: a systematic review of epidemiologic evidence. Clin 
Gastroenterol Hepatol 2006;4:369-80. 

128. Koh WP, Robien K, Wang R, et al. Smoking as an independent risk factor for 
hepatocellular carcinoma: the Singapore Chinese Health Study. Br J Cancer 
2011;105:1430-5. 

129. Turati F, Edefonti V, Talamini R, et al. Family history of liver cancer and 
hepatocellular carcinoma. Hepatology 2012;55:1416-25. 

130. Loomba R, Liu J, Yang HI, et al. Synergistic effects of family history of hepatocellular 
carcinoma and hepatitis B virus infection on risk for incident hepatocellular 
carcinoma. Clin Gastroenterol Hepatol 2013;11:1636-45 e1-3. 

131. Hassan MM, Spitz MR, Thomas MB, et al. The association of family history of liver 
cancer with hepatocellular carcinoma: a case-control study in the United States. J 
Hepatol 2009;50:334-41. 

132. Wu HC, Wang Q, Yang HI, et al. Aflatoxin B1 exposure, hepatitis B virus infection, 
and hepatocellular carcinoma in Taiwan. Cancer Epidemiol Biomarkers Prev 
2009;18:846-53. 

133. Murugavel KG, Naranatt PP, Shankar EM, et al. Prevalence of aflatoxin B1 in liver 
biopsies of proven hepatocellular carcinoma in India determined by an in-house 
immunoperoxidase test. J Med Microbiol 2007;56:1455-9. 

134. Forner A, Llovet JM, Bruix J. Hepatocellular carcinoma. Lancet 2012;379:1245-55. 
135. Cholongitas E, Papatheodoridis GV, Vangeli M, et al. Systematic review: The model 

for end-stage liver disease--should it replace Child-Pugh's classification for 
assessing prognosis in cirrhosis? Aliment Pharmacol Ther 2005;22:1079-89. 

136. Gluud C, Henriksen JH. Prognostic indicators in alcoholic cirrhotic men. Hepatology 
1988;8:222-227. 

137. Fernández-Esparrach G, Sánchez-Fueyo A, Ginès P, et al. A prognostic model for 
predicting survival in cirrhosis with ascites. Journal of hepatology 2001;34:46-52. 

138. Planas R, Balleste B, Alvarez MA, et al. Natural history of decompensated hepatitis C 
virus-related cirrhosis. A study of 200 patients. J Hepatol 2004;40:823-30. 

139. Dienstag JL, Ghany MG, Morgan TR, et al. A prospective study of the rate of 
progression in compensated, histologically advanced chronic hepatitis C. 
Hepatology 2011;54:396-405. 

140. Papatheodoridis GV, Cholongitas E, Dimitriadou E, et al. MELD vs Child-Pugh and 
creatinine-modified Child-Pugh score for predicting survival in patients with 
decompensated cirrhosis. World J Gastroenterol 2005;11:3099-104. 

141. Huo TI, Lin HC, Wu JC, et al. Proposal of a modified Child-Turcotte-Pugh scoring 
system and comparison with the model for end-stage liver disease for outcome 
prediction in patients with cirrhosis. Liver Transpl 2006;12:65-71. 

142. Fernandez-Esparrach G, Sanchez-Fueyo A, Gines P, et al. A prognostic model for 
predicting survival in cirrhosis with ascites. J Hepatol 2001;34:46-52. 

143. Malinchoc M, Kamath PS, Gordon FD, et al. A model to predict poor survival in 
patients undergoing transjugular intrahepatic portosystemic shunts. Hepatology 
2000;31:864-71. 

144. Kamath PS, Wiesner RH, Malinchoc M, et al. A model to predict survival in patients 
with end-stage liver disease. Hepatology 2001;33:464-70. 

145. Said A, Williams J, Holden J, et al. Model for end stage liver disease score predicts 
mortality across a broad spectrum of liver disease. J Hepatol 2004;40:897-903. 



 

   

151 

146. Botta F, Giannini E, Romagnoli P, et al. MELD scoring system is useful for predicting 
prognosis in patients with liver cirrhosis and is correlated with residual liver 
function: a European study. Gut 2003;52:134-9. 

147. Chalasani N, Kahi C, Francois F, et al. Model for end-stage liver disease (MELD) for 
predicting mortality in patients with acute variceal bleeding. Hepatology 
2002;35:1282-4. 

148. Kremers WK, van IM, Kim WR, et al. MELD score as a predictor of pretransplant and 
posttransplant survival in OPTN/UNOS status 1 patients. Hepatology 2004;39:764-
9. 

149. Schepke M, Appenrodt B, Heller J, et al. Prognostic factors for patients with cirrhosis 
and kidney dysfunction in the era of MELD: results of a prospective study. Liver Int 
2006;26:834-9. 

150. Srikureja W, Kyulo NL, Runyon BA, et al. MELD score is a better prognostic model 
than Child-Turcotte-Pugh score or Discriminant Function score in patients with 
alcoholic hepatitis. J Hepatol 2005;42:700-6. 

151. Dunn W, Jamil LH, Brown LS, et al. MELD accurately predicts mortality in patients 
with alcoholic hepatitis. Hepatology 2005;41:353-8. 

152. Northup PG, Wanamaker RC, Lee VD, et al. Model for End-Stage Liver Disease 
(MELD) predicts nontransplant surgical mortality in patients with cirrhosis. Ann 
Surg 2005;242:244-51. 

153. Durand F, Valla D. Assessment of the prognosis of cirrhosis: Child-Pugh versus 
MELD. J Hepatol 2005;42 Suppl:S100-7. 

154. Boursier J, Cesbron E, Tropet AL, et al. Comparison and improvement of MELD and 
Child-Pugh score accuracies for the prediction of 6-month mortality in cirrhotic 
patients. J Clin Gastroenterol 2009;43:580-5. 

155. Yu ML, Chuang WL. Treatment of chronic hepatitis C in Asia: when East meets West. 
J Gastroenterol Hepatol 2009;24:336-45. 

156. United Nations DoEaSA, Population Division. World Population Prospects: The 2012 
Revision, Highlights and Advance Tables. Volume Working Paper No. 
ESA/P/WP.228. , 2013. 

157. Lozano R, Naghavi M, Foreman K, et al. Global and regional mortality from 235 
causes of death for 20 age groups in 1990 and 2010: a systematic analysis for the 
Global Burden of Disease Study 2010. Lancet 2012;380:2095-128. 

158. Murray CJ, Vos T, Lozano R, et al. Disability-adjusted life years (DALYs) for 291 
diseases and injuries in 21 regions, 1990-2010: a systematic analysis for the Global 
Burden of Disease Study 2010. Lancet 2012;380:2197-223. 

159. Cooke GS, Lemoine M, Thursz M, et al. Viral hepatitis and the Global Burden of 
Disease: a need to regroup. J Viral Hepat 2013;20:600-1. 

160. Cowie BC, Carville KS, MacLachlan JH. Mortality due to viral hepatitis in the Global 
Burden of Disease Study 2010: new evidence of an urgent global public health 
priority demanding action. Antivir Ther 2013;18:953-4. 

161. Ott JJ, Stevens GA, Groeger J, et al. Global epidemiology of hepatitis B virus infection: 
new estimates of age-specific HBsAg seroprevalence and endemicity. Vaccine 
2012;30:2212-9. 

162. Gane E, McCall J, Streat S, et al. Liver transplantation in New Zealand: the first four 
years. N Z Med J 2002;115:U120. 

163. S.V. Lynch GAB. ANZLT Registry Report Brisbane, QLD, AUSTRALIA, 2011. 
164. Connor J, Broad J, Rehm J, et al. The burden of death, disease, and disability due to 

alcohol in New Zealand. N Z Med J 2005;118:U1412. 



 

   

152 

165. Loomba R, Abraham M, Unalp A, et al. Association between diabetes, family history 
of diabetes, and risk of nonalcoholic steatohepatitis and fibrosis. Hepatology 
2012;56:943-51. 

166. Ioannou GN, Weiss NS, Kowdley KV, et al. Is obesity a risk factor for cirrhosis-related 
death or hospitalization? A population-based cohort study. Gastroenterology 
2003;125:1053-9. 

167. Starley BQ, Calcagno CJ, Harrison SA. Nonalcoholic fatty liver disease and 
hepatocellular carcinoma: a weighty connection. Hepatology 2010;51:1820-32. 

168. Coppell KJ, Mann JI, Williams SM, et al. Prevalence of diagnosed and undiagnosed 
diabetes and prediabetes in New Zealand: findings from the 2008/09 Adult 
Nutrition Survey. N Z Med J 2013;126:23-42. 

169. Hodge AM, Dowse GK, Zimmet PZ, et al. Prevalence and secular trends in obesity in 
Pacific and Indian Ocean island populations. Obes Res 1995;3 Suppl 2:77s-87s. 

170. Poppitt SD, Silvestre MP, Liu A. Etiology of Obesity Over the Life Span: Ecologic and 
Genetic Highlights from New Zealand Cohorts. Current Obesity Reports 2014;3:38-
45. 

171. Wong VW, Chu WC, Wong GL, et al. Prevalence of non-alcoholic fatty liver disease 
and advanced fibrosis in Hong Kong Chinese: a population study using proton-
magnetic resonance spectroscopy and transient elastography. Gut 2012;61:409-15. 

172. Browning JD. Statins and hepatic steatosis: perspectives from the Dallas Heart 
Study. Hepatology 2006;44:466-71. 

173. Wong VW, Wong GL, Chu WC, et al. Hepatitis B virus infection and fatty liver in the 
general population. Journal of Hepatology 2012;56:533-40. 

174. Machado MV, Oliveira AG, Cortez-Pinto H. Hepatic steatosis in hepatitis B virus 
infected patients: meta-analysis of risk factors and comparison with hepatitis C 
infected patients. Journal of gastroenterology and hepatology 2011;26:1361-7. 

175. Jan CF, Chen CJ, Chiu YH, et al. A population-based study investigating the 
association between metabolic syndrome and hepatitis B/C infection (Keelung 
Community-based Integrated Screening study No. 10). International Journal of 
Obesity 2006;30:794-9. 

176. Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome. Lancet 2005;365:1415-
28. 

177. Huang PL. A comprehensive definition for metabolic syndrome. Dis Model Mech 
2009;2:231-7. 

178. Alberti KG, Eckel RH, Grundy SM, et al. Harmonizing the metabolic syndrome: a joint 
interim statement of the International Diabetes Federation Task Force on 
Epidemiology and Prevention; National Heart, Lung, and Blood Institute; American 
Heart Association; World Heart Federation; International Atherosclerosis Society; 
and International Association for the Study of Obesity. Circulation 2009;120:1640-5. 

179. Hsu CS, Liu CH, Wang CC, et al. Impact of hepatitis B virus infection on metabolic 
profiles and modifying factors. J Viral Hepat 2012;19:e48-57. 

180. Rastogi A, Sakhuja P, Kumar A, et al. Steatosis in chronic hepatitis B: prevalence and 
correlation with biochemical, histologic, viral, and metabolic parameters. Indian 
journal of pathology & microbiology 2011;54:454-9. 

181. Wong VW, Wong GL, Yu J, et al. Interaction of adipokines and hepatitis B virus on 
histological liver injury in the Chinese. Am J Gastroenterol 2010;105:132-8. 

182. Mohamadkhani A, Sayemiri K, Ghanbari R, et al. The inverse association of serum 
HBV DNA level with HDL and adiponectin in chronic hepatitis B infection. Virology 
Journal 2010;7:228. 



 

   

153 

183. Liu J, Yang HI, Lee MH, et al. Incidence and determinants of spontaneous hepatitis B 
surface antigen seroclearance: a community-based follow-up study. 
Gastroenterology 2010;139:474-82. 

184. Yoon S, Jung J, Kim T, et al. Adiponectin, a downstream target gene of peroxisome 
proliferator-activated receptor gamma, controls hepatitis B virus replication. 
Virology 2011;409:290-8. 

185. Meier A, Mehrle S, Weiss TS, et al. The myristoylated preS1-domain of the hepatitis 
B virus L-protein mediates specific binding todifferentiated hepatocytes. Hepatology 
2012. 

186. Nedvidkova J, Smitka K, Kopsky V, et al. Adiponectin, an adipocyte-derived protein. 
Physiological research / Academia Scientiarum Bohemoslovaca 2005;54:133-40. 

187. Renaldi O, Pramono B, Sinorita H, et al. Hypoadiponectinemia: a risk factor for 
metabolic syndrome. Acta medica Indonesiana 2009;41:20-4. 

188. Yen SL, Chiu TY, Lin YC, et al. Obesity and hepatitis B infection are associated with 
increased risk of metabolic syndrome in university freshmen. Int J Obes (Lond) 
2008;32:474-80. 

189. Chen YC, Jeng WJ, Chu CM, et al. Decreasing levels of HBsAg predict HBsAg 
seroclearance in patients with inactive chronic hepatitis B virus infection. Clin 
Gastroenterol Hepatol 2012;10:297-302. 

190. Liu J, Yang HI, Lee MH, et al. Spontaneous seroclearance of hepatitis B seromarkers 
and subsequent risk of hepatocellular carcinoma. Gut 2013. 

191. Liu J, Lee MH, Batrla-Utermann R, et al. A Predictive Scoring System for the 
Seroclearance of HBsAg in HBeAg-seronegative Chronic Hepatitis B Patients with 
Genotype B or C Infection. Journal of hepatology 2012. 

192. Chu CM, Lin DY, Liaw YF. Clinical and virological characteristics post HBsAg 
seroclearance in hepatitis B virus carriers with hepatic steatosis versus those 
without. Dig Dis Sci 2013;58:275-81. 

193. Socha P, Wierzbicka A, Neuhoff-Murawska J, et al. Nonalcoholic fatty liver disease as 
a feature of the metabolic syndrome. Rocz Panstw Zakl Hig 2007;58:129-37. 

194. Marchesini G, Brizi M, Bianchi G, et al. Nonalcoholic fatty liver disease a feature of 
the metabolic syndrome. Diabetes 2001;50:1844-1850. 

195. Wong GL, Wong VW, Choi PC, et al. Metabolic syndrome increases the risk of liver 
cirrhosis in chronic hepatitis B. Gut 2009;58:111-7. 

196. Petta S, Camma C, Di Marco V, et al. Hepatic steatosis and insulin resistance are 
associated with severe fibrosis in patients with chronic hepatitis caused by HBV or 
HCV infection. Liver Int 2011;31:507-15. 

197. Lee IC, Huang YH, Chan CC, et al. Impact of body mass index and viral load on liver 
histology in hepatitis B e antigen-negative chronic hepatitis B. Clinical nutrition 
2011;30:647-52. 

198. Yuen MF, Yuan HJ, Hui CK, et al. A large population study of spontaneous HBeAg 
seroconversion and acute exacerbation of chronic hepatitis B infection: implications 
for antiviral therapy. Gut 2003;52:416-9. 

199. Yang HI, Lu SN, Liaw YF, et al. Hepatitis B e antigen and the risk of hepatocellular 
carcinoma. N Engl J Med 2002;347:168-74. 

200. Hui CK, Leung N, Shek TW, et al. Sustained disease remission after spontaneous 
HBeAg seroconversion is associated with reduction in fibrosis progression in 
chronic hepatitis B Chinese patients. Hepatology 2007;46:690-8. 

201. Lin SM, Yu ML, Lee CM, et al. Interferon therapy in HBeAg positive chronic hepatitis 
reduces progression to cirrhosis and hepatocellular carcinoma. J Hepatol 
2007;46:45-52. 



 

   

154 

202. Hsu YS, Chien RN, Yeh CT, et al. Long-term outcome after spontaneous HBeAg 
seroconversion in patients with chronic hepatitis B. Hepatology 2002;35:1522-7. 

203. Niederau C, Heintges T, Lange S, et al. Long-term follow-up of HBeAg-positive 
patients treated with interferon alfa for chronic hepatitis B. N Engl J Med 
1996;334:1422-7. 

204. Cindoruk M, Karakan T, Unal S. Hepatic steatosis has no impact on the outcome of 
treatment in patients with chronic hepatitis B infection. J Clin Gastroenterol 
2007;41:513-7. 

205. Jin X, Chen YP, Yang YD, et al. Association between hepatic steatosis and entecavir 
treatment failure in Chinese patients with chronic hepatitis B. PLoS One 
2012;7:e34198. 

206. Kelly T, Yang W, Chen CS, et al. Global burden of obesity in 2005 and projections to 
2030. Int J Obes (Lond) 2008;32:1431-7. 

207. Chao LT, Wu CF, Sung FY, et al. Insulin, glucose and hepatocellular carcinoma risk in 
male hepatitis B carriers: results from 17-year follow-up of a population-based 
cohort. Carcinogenesis 2011;32:876-81. 

208. Bowker SL, Majumdar SR, Veugelers P, et al. Increased cancer-related mortality for 
patients with type 2 diabetes who use sulfonylureas or insulin. Diabetes Care 
2006;29:254-8. 

209. Renehan AG, Frystyk J, Flyvbjerg A. Obesity and cancer risk: the role of the insulin-
IGF axis. Trends Endocrinol Metab 2006;17:328-36. 

210. Huo TI, Wu JC, Lee PC, et al. Diabetes mellitus as a risk factor of liver cirrhosis in 
patients with chronic hepatitis B virus infection. J Clin Gastroenterol 2000;30:250-4. 

211. Huang YW, Wang TC, Lin SC, et al. Increased risk of cirrhosis and its 
decompensation in chronic hepatitis B patients with newly diagnosed diabetes: a 
nationwide cohort study. Clin Infect Dis 2013;57:1695-702. 

212. Stepanova M, Rafiq N, Younossi ZM. Components of metabolic syndrome are 
independent predictors of mortality in patients with chronic liver disease: a 
population-based study. Gut 2010;59:1410-5. 

213. Kwon SY, Kim SS, Kwon OS, et al. Prognostic significance of glycaemic control in 
patients with HBV and HCV-related cirrhosis and diabetes mellitus. Diabet Med 
2005;22:1530-5. 

214. Kennedy C, Redden D, Gray S, et al. Equivalent survival following liver 
transplantation in patients with non-alcoholic steatohepatitis compared with 
patients with other liver diseases. HPB (Oxford) 2012;14:625-34. 

215. Lim MH GE, Orr DW. 15 Years of Liver Transplant Assessments for Chronic Liver 
Disease: A Single Centre Experience, In New Zealand Society of Gastroenterology 
Annual Scientific Meeting, Wellington, 20–22 November 2013, New Zealand Medical 
Journal, 2013. 

216. John PR, Thuluvath PJ. Outcome of liver transplantation in patients with diabetes 
mellitus: a case-control study. Hepatology 2001;34:889-95. 

217. Lok AS, McMahon BJ. Chronic hepatitis B: update 2009. Hepatology 2009;50:661-2. 
218. European Association For The Study Of The L. EASL clinical practice guidelines: 

Management of chronic hepatitis B virus infection. J Hepatol 2012;57:167-85. 
219. Wong GL, Chan HL, Mak CW, et al. Entecavir treatment reduces hepatic events and 

deaths in chronic hepatitis B patients With liver cirrhosis. Hepatology 2013. 
220. Peng CY, Chien RN, Liaw YF. Hepatitis B virus-related decompensated liver 

cirrhosis: benefits of antiviral therapy. J Hepatol 2012;57:442-50. 
221. Marcellin P, Gane E, Buti M, et al. Regression of cirrhosis during treatment with 

tenofovir disoproxil fumarate for chronic hepatitis B: a 5-year open-label follow-up 
study. Lancet 2013;381:468-75. 



 

   

155 

222. Bondini S, Kallman J, Wheeler A, et al. Impact of non-alcoholic fatty liver disease on 
chronic hepatitis B. Liver Int 2007;27:607-11. 

223. Giannarelli R, Aragona M, Coppelli A, et al. Reducing insulin resistance with 
metformin: the evidence today. Diabetes Metab 2003;29:6S28-35. 

224. Zhu AX, Abrams TA, Miksad R, et al. Phase 1/2 study of everolimus in advanced 
hepatocellular carcinoma. Cancer 2011;117:5094-102. 

225. Chen HP, Shieh JJ, Chang CC, et al. Metformin decreases hepatocellular carcinoma 
risk in a dose-dependent manner: population-based and in vitro studies. Gut 
2013;62:606-15. 

226. Zheng L, Yang W, Wu F, et al. Prognostic significance of AMPK activation and 
therapeutic effects of metformin in hepatocellular carcinoma. Clin Cancer Res 
2013;19:5372-80. 

227. Blandino G, Valerio M, Cioce M, et al. Metformin elicits anticancer effects through the 
sequential modulation of DICER and c-MYC. Nat Commun 2012;3:865. 

228. Singh S, Singh PP, Singh AG, et al. Anti-diabetic medications and the risk of 
hepatocellular cancer: a systematic review and meta-analysis. Am J Gastroenterol 
2013;108:881-91; quiz 892. 

229. Ruiter R, Visser LE, van Herk-Sukel MP, et al. Lower risk of cancer in patients on 
metformin in comparison with those on sulfonylurea derivatives: results from a 
large population-based follow-up study. Diabetes Care 2012;35:119-24. 

230. Donadon V, Balbi M, Mas MD, et al. Metformin and reduced risk of hepatocellular 
carcinoma in diabetic patients with chronic liver disease. Liver Int 2010;30:750-8. 

231. Chiu HF, Ho SC, Chen CC, et al. Statin use and the risk of liver cancer: a population-
based case-control study. Am J Gastroenterol 2011;106:894-8. 

232. El-Serag HB, Johnson ML, Hachem C, et al. Statins are associated with a reduced risk 
of hepatocellular carcinoma in a large cohort of patients with diabetes. 
Gastroenterology 2009;136:1601-8. 

233. Papatheodoridis GV, Lampertico P, Manolakopoulos S, et al. Incidence of 
hepatocellular carcinoma in chronic hepatitis B patients receiving nucleos(t)ide 
therapy: a systematic review. J Hepatol 2010;53:348-56. 

234. Singh S, Singh PP, Roberts LR, et al. Chemopreventive strategies in hepatocellular 
carcinoma. Nat Rev Gastroenterol Hepatol 2014;11:45-54. 

235. Chalasani N, Aljadhey H, Kesterson J, et al. Patients with elevated liver enzymes are 
not at higher risk for statin hepatotoxicity. Gastroenterology 2004;126:1287-92. 

236. Khorashadi S, Hasson NK, Cheung RC. Incidence of statin hepatotoxicity in patients 
with hepatitis C. Clin Gastroenterol Hepatol 2006;4:902-7; quiz 806. 

237. Lewis JH, Mortensen ME, Zweig S, et al. Efficacy and safety of high-dose pravastatin 
in hypercholesterolemic patients with well-compensated chronic liver disease: 
Results of a prospective, randomized, double-blind, placebo-controlled, multicenter 
trial. Hepatology 2007;46:1453-63. 

238. Motzkus-Feagans C, Pakyz AL, Ratliff SM, et al. Statin use and infections in Veterans 
with cirrhosis. Aliment Pharmacol Ther 2013;38:611-8. 

239. Singh S, Singh PP, Singh AG, et al. Statins are associated with a reduced risk of 
hepatocellular cancer: a systematic review and meta-analysis. Gastroenterology 
2013;144:323-32. 

240. Lonardo A, Loria P. Potential for statins in the chemoprevention and management of 
hepatocellular carcinoma. J Gastroenterol Hepatol 2012;27:1654-64. 

241. Cao Z, Fan-Minogue H, Bellovin DI, et al. MYC phosphorylation, activation, and 
tumorigenic potential in hepatocellular carcinoma are regulated by HMG-CoA 
reductase. Cancer Res 2011;71:2286-97. 



 

   

156 

242. Tsan YT, Lee CH, Wang JD, et al. Statins and the risk of hepatocellular carcinoma in 
patients with hepatitis B virus infection. J Clin Oncol 2012;30:623-30. 

243. Tsan YT, Lee CH, Ho WC, et al. Statins and the risk of hepatocellular carcinoma in 
patients with hepatitis C virus infection. J Clin Oncol 2013;31:1514-21. 

244. Giobbie-Hurder A, Gelber RD, Regan MM. Challenges of guarantee-time bias. J Clin 
Oncol 2013;31:2963-9. 

245. Fung J, Lai CL, Yuen MF, et al. Do statins reduce the risk of hepatocellular carcinoma 
in patients with chronic hepatitis B? Hepatobiliary Surg Nutr 2013;2:34-6. 

246. Fattovich G, Pantalena M, Zagni I, et al. Effect of hepatitis B and C virus infections on 
the natural history of compensated cirrhosis: a cohort study of 297 patients. Am J 
Gastroenterol 2002;97:2886-95. 

247. Kamper-Jorgensen M, Gronbaek M, Tolstrup J, et al. Alcohol and cirrhosis: dose--
response or threshold effect? J Hepatol 2004;41:25-30. 

248. Clark JM, Diehl AM. Nonalcoholic fatty liver disease: an underrecognized cause of 
cryptogenic cirrhosis. JAMA 2003;289:3000-4. 

249. Nesdale A. Hepatitis C infection in New Zealand : estimating the current and future 
prevalence and impact, 2000. 

250. Chang TT, Liaw YF, Wu SS, et al. Long-term entecavir therapy results in the reversal 
of fibrosis/cirrhosis and continued histological improvement in patients with 
chronic hepatitis B. Hepatology 2010;52:886-93. 

251. Liaw YF, Tai DI, Chu CM, et al. The development of cirrhosis in patients with chronic 
type B hepatitis: a prospective study. Hepatology 1988;8:493-6. 

252. Serfaty L, Chazouilleres O, Poujol-Robert A, et al. Risk factors for cirrhosis in 
patients with chronic hepatitis C virus infection: results of a case-control study. 
Hepatology 1997;26:776-9. 

253. Jepsen P, Ott P, Andersen PK, et al. The clinical course of alcoholic cirrhosis: effects 
of hepatic metabolic capacity, alcohol consumption, and hyponatremia--a historical 
cohort study. BMC Res Notes 2012;5:509. 

254. Marcellin P, Ziol M, Bedossa P, et al. Non-invasive assessment of liver fibrosis by 
stiffness measurement in patients with chronic hepatitis B. Liver Int 2009;29:242-7. 

255. Ziol M, Handra-Luca A, Kettaneh A, et al. Noninvasive assessment of liver fibrosis by 
measurement of stiffness in patients with chronic hepatitis C. Hepatology 
2005;41:48-54. 

256. Nguyen-Khac E, Chatelain D, Tramier B, et al. Assessment of asymptomatic liver 
fibrosis in alcoholic patients using fibroscan: prospective comparison with seven 
non-invasive laboratory tests. Aliment Pharmacol Ther 2008;28:1188-98. 

257. Wong VW, Vergniol J, Wong GL, et al. Diagnosis of fibrosis and cirrhosis using liver 
stiffness measurement in nonalcoholic fatty liver disease. Hepatology 2010;51:454-
62. 

258. Ministry of H. Ethnicity data protocols for the health and disability sector. 
Wellington: Ministry of Health, 2004. 

259. Kleiner DE, Brunt EM, Van Natta M, et al. Design and validation of a histological 
scoring system for nonalcoholic fatty liver disease. Hepatology 2005;41:1313-21. 

260. Roulot D, Costes JL, Buyck JF, et al. Transient elastography as a screening tool for 
liver fibrosis and cirrhosis in a community-based population aged over 45 years. 
Gut 2011;60:977-84. 

261. Addidle M. Impact of universal hepatitis B vaccination on antenatal hepatitis B 
prevalence in the Midlands region of the North Island, New Zealand. N Z Med J 
2011;124:40-4. 

262. Liaw YF, Sung JJ, Chow WC, et al. Lamivudine for patients with chronic hepatitis B 
and advanced liver disease. N Engl J Med 2004;351:1521-31. 



 

   

157 

263. Blais P, Husain N, Kramer JR, et al. Nonalcoholic fatty liver disease is 
underrecognized in the primary care setting. Am J Gastroenterol 2015;110:10-4. 

264. Charlton MR, Burns JM, Pedersen RA, et al. Frequency and outcomes of liver 
transplantation for nonalcoholic steatohepatitis in the United States. 
Gastroenterology 2011;141:1249-53. 

265. Kanwal F, Kramer JR, Duan Z, et al. Trends in the Burden of Nonalcoholic Fatty Liver 
Disease in a United States Cohort of Veterans. Clin Gastroenterol Hepatol 2015. 

266. Hart CL, Morrison DS, Batty GD, et al. Effect of body mass index and alcohol 
consumption on liver disease: analysis of data from two prospective cohort studies. 
BMJ 2010;340:c1240. 

267. Pessione F, Ramond MJ, Peters L, et al. Five-year survival predictive factors in 
patients with excessive alcohol intake and cirrhosis. Effect of alcoholic hepatitis, 
smoking and abstinence. Liver Int 2003;23:45-53. 

268. Aertgeerts B, Buntinx F, Kester A. The value of the CAGE in screening for alcohol 
abuse and alcohol dependence in general clinical populations: a diagnostic meta-
analysis. J Clin Epidemiol 2004;57:30-9. 

269. Sangiovanni A, Prati GM, Fasani P, et al. The natural history of compensated 
cirrhosis due to hepatitis C virus: A 17-year cohort study of 214 patients. 
Hepatology 2006;43:1303-10. 

270. Mortality GBD, Causes of Death C. Global, regional, and national age-sex specific all-
cause and cause-specific mortality for 240 causes of death, 1990-2013: a systematic 
analysis for the Global Burden of Disease Study 2013. Lancet 2015;385:117-71. 

271. Gane E, Stedman C, Brunton C, et al. Impact of improved treatment on disease 
burden of chronic hepatitis C in New Zealand. N Z Med J 2014;127:61-74. 

272. Vezali E, Aghemo A, Colombo M. A review of the treatment of chronic hepatitis C 
virus infection in cirrhosis. Clin Ther 2010;32:2117-38. 

273. A SPECIAL MEETING REVIEW EDITION: Advances in the Treatment of Hepatitis C 
Virus Infection From EASL 2013. Gastroenterol Hepatol (N Y) 2013;9:1-18. 

274. Sievert W, Razavi H, Estes C, et al. Enhanced antiviral treatment efficacy and uptake 
in preventing the rising burden of hepatitis C-related liver disease and costs in 
Australia. J Gastroenterol Hepatol 2014;29 Suppl 1:1-9. 

275. Nguyen GC, Thuluvath PJ. Racial disparity in liver disease: Biological, cultural, or 
socioeconomic factors. Hepatology 2008;47:1058-66. 

276. Subramaniam K, Flexman J, Tarquinio L, et al. Hepatitis B status in migrants and 
refugees: increasing health burden in Western Australia. Intern Med J 2012;42:880-
6. 

277. Paradis V, Perlemuter G, Bonvoust F, et al. High glucose and hyperinsulinemia 
stimulate connective tissue growth factor expression: a potential mechanism 
involved in progression to fibrosis in nonalcoholic steatohepatitis. Hepatology 
2001;34:738-44. 

278. Chan HL, Wong GL, Wong VW. A review of the natural history of chronic hepatitis B 
in the era of transient elastography. Antivir Ther 2009;14:489-99. 

279. Liu CJ, Chen PJ, Lai MY, et al. Viral factors correlate with hepatitis B e antigen 
seroconverson in patients with chronic hepatitis B. Liver Int 2006;26:949-55. 

280. Chen YC, Chu CM, Liaw YF. Age-specific prognosis following spontaneous hepatitis B 
e antigen seroconversion in chronic hepatitis B. Hepatology 2010;51:435-44. 

281. Chan HL, Wong GL, Choi PC, et al. Alanine aminotransferase-based algorithms of 
liver stiffness measurement by transient elastography (Fibroscan) for liver fibrosis 
in chronic hepatitis B. J Viral Hepat 2009;16:36-44. 

282. Kleiner DE, Brunt EM. Nonalcoholic fatty liver disease: pathologic patterns and 
biopsy evaluation in clinical research. Semin Liver Dis 2012;32:3-13. 



 

   

158 

283. Consultation WHOE. Appropriate body-mass index for Asian populations and its 
implications for policy and intervention strategies. Lancet 2004;363:157-63. 

284. Liaw YF, Leung N, Kao JH, et al. Asian-Pacific consensus statement on the 
management of chronic hepatitis B: a 2008 update. Hepatol Int 2008;2:263-83. 

285. Nestel P, Lyu R, Low LP, et al. Metabolic syndrome: recent prevalence in East and 
Southeast Asian populations. Asia Pac J Clin Nutr 2007;16:362-7. 

286. Beltran-Sanchez H, Harhay MO, Harhay MM, et al. Prevalence and trends of 
metabolic syndrome in the adult U.S. population, 1999-2010. J Am Coll Cardiol 
2013;62:697-703. 

287. Wong GL, Chan HL, Yu Z, et al. Coincidental metabolic syndrome increases the risk of 
liver fibrosis progression in patients with chronic hepatitis B--a prospective cohort 
study with paired transient elastography examinations. Aliment Pharmacol Ther 
2014;39:883-93. 

288. Despres JP. Abdominal obesity as important component of insulin-resistance 
syndrome. Nutrition 1993;9:452-9. 

289. Chiang CH, Lai JS, Hung SH, et al. Serum adiponectin levels are associated with 
hepatitis B viral load in overweight to obese hepatitis B virus carriers. Obesity 
(Silver Spring) 2013;21:291-6. 

290. Liu CJ, Chen PJ, Lai MY, et al. High serum adiponectin correlates with advanced liver 
disease in patients with chronic hepatitis B virus infection. Hepatol Int 2009;3:364-
70. 

291. Manolakopoulos S, Bethanis S, Liapi C, et al. An assessment of serum leptin levels in 
patients with chronic viral hepatitis: a prospective study. BMC Gastroenterol 
2007;7:17. 

292. Tilg H, Moschen AR. Adipocytokines: mediators linking adipose tissue, inflammation 
and immunity. Nat Rev Immunol 2006;6:772-83. 

293. Lord GM, Matarese G, Howard JK, et al. Leptin modulates the T-cell immune 
response and reverses starvation-induced immunosuppression. Nature 
1998;394:897-901. 

294. Fabrizi F, Dixit V, Martin P, et al. Meta-analysis: the impact of diabetes mellitus on 
the immunological response to hepatitis B virus vaccine in dialysis patients. Aliment 
Pharmacol Ther 2011;33:815-21. 

295. Bandaru P, Rajkumar H, Nappanveettil G. Altered or Impaired Immune Response to 
Hepatitis B Vaccine in WNIN/GR-Ob Rat: An Obese Rat Model with Impaired Glucose 
Tolerance. ISRN Endocrinol 2011;2011:980105. 

296. Boni C, Bertoletti A, Penna A, et al. Lamivudine treatment can restore T cell 
responsiveness in chronic hepatitis B. J Clin Invest 1998;102:968-75. 

297. Realdi G, Fattovich G, Hadziyannis S, et al. Survival and prognostic factors in 366 
patients with compensated cirrhosis type B: a multicenter study. The Investigators 
of the European Concerted Action on Viral Hepatitis (EUROHEP). J Hepatol 
1994;21:656-66. 

298. Fattovich G, Bortolotti F, Donato F. Natural history of chronic hepatitis B: special 
emphasis on disease progression and prognostic factors. J Hepatol 2008;48:335-52. 

299. Kannel WB, McGee DL. Diabetes and cardiovascular disease. The Framingham study. 
JAMA 1979;241:2035-8. 

300. Giovannucci E, Harlan DM, Archer MC, et al. Diabetes and cancer: a consensus 
report. Diabetes Care 2010;33:1674-85. 

301. Executive summary: standards of medical care in diabetes--2009. Diabetes Care 
2009;32 Suppl 1:S6-12. 



 

   

159 

302. Ko WH, Chiu SY, Yang KC, et al. Diabetes, hepatitis virus infection and hepatocellular 
carcinoma: A case-control study in hepatitis endemic area. Hepatol Res 
2012;42:774-81. 

303. Huo TI, Wu JC, Lui WY, et al. Differential mechanism and prognostic impact of 
diabetes mellitus on patients with hepatocellular carcinoma undergoing surgical 
and nonsurgical treatment. Am J Gastroenterol 2004;99:1479-87. 

304. Hassan MM, Curley SA, Li D, et al. Association of diabetes duration and diabetes 
treatment with the risk of hepatocellular carcinoma. Cancer 2010;116:1938-46. 

305. Lucchesi AN, Freitas NT, Cassettari LL, et al. Diabetes mellitus triggers oxidative 
stress in the liver of alloxan-treated rats: a mechanism for diabetic chronic liver 
disease. Acta Cir Bras 2013;28:502-8. 

306. Ohshiro Y, Ma RC, Yasuda Y, et al. Reduction of diabetes-induced oxidative stress, 
fibrotic cytokine expression, and renal dysfunction in protein kinase Cbeta-null 
mice. Diabetes 2006;55:3112-20. 

307. Adams LA, Feldstein AE. Nonalcoholic steatohepatitis: risk factors and diagnosis. 
Expert Rev Gastroenterol Hepatol 2010;4:623-35. 

308. Zhang X, Harmsen WS, Mettler TA, et al. Continuation of metformin use after a 
diagnosis of cirrhosis significantly improves survival of patients with diabetes. 
Hepatology 2014;60:2008-16. 

309. Nkontchou G, Cosson E, Aout M, et al. Impact of metformin on the prognosis of 
cirrhosis induced by viral hepatitis C in diabetic patients. J Clin Endocrinol Metab 
2011;96:2601-8. 

310. Trenti T, Cristani A, Cioni G, et al. Fructosamine and glycated hemoglobin as indices 
of glycemic control in patients with liver cirrhosis. Ric Clin Lab 1990;20:261-7. 

311. Carrat F. Statin and aspirin for prevention of hepatocellular carcinoma: what are the 
levels of evidence? Clin Res Hepatol Gastroenterol 2014;38:9-11. 

312. Levesque LE, Hanley JA, Kezouh A, et al. Problem of immortal time bias in cohort 
studies: example using statins for preventing progression of diabetes. BMJ 
2010;340:b5087. 

313. Dafni U. Landmark analysis at the 25-year landmark point. Circ Cardiovasc Qual 
Outcomes 2011;4:363-71. 

314. Anderson JR, Cain KC, Gelber RD. Analysis of survival by tumor response. J Clin 
Oncol 1983;1:710-9. 

315. Chubak J, Boudreau DM, Wirtz HS, et al. Threats to validity of nonrandomized 
studies of postdiagnosis exposures on cancer recurrence and survival. J Natl Cancer 
Inst 2013;105:1456-62. 

316. WHO Collaborating Centre for Drug Statistics Methodology,  Guidelines for ATC 
classification and DDD assignment, 2015. Oslo. 2014. 

317. Braitman LE, Rosenbaum PR. Rare outcomes, common treatments: analytic 
strategies using propensity scores. Ann Intern Med 2002;137:693-5. 

318. McCaffrey DF, Griffin BA, Almirall D, et al. A tutorial on propensity score estimation 
for multiple treatments using generalized boosted models. Stat Med 2013;32:3388-
414. 

319. Hamilton BH, Ko CY, Richards K, et al. Missing data in the American College of 
Surgeons National Surgical Quality Improvement Program are not missing at 
random: implications and potential impact on quality assessments. J Am Coll Surg 
2010;210:125-139 e2. 

320. Little RJA, Rubin DB. Statistical analysis with missing data. New York: Wiley, 2002. 
321. White IR, Royston P. Imputing missing covariate values for the Cox model. Statistics 

in Medicine 2009;28:1982-1998. 



 

   

160 

322. McCaffrey DF, Ridgeway G, Morral AR. Propensity score estimation with boosted 
regression for evaluating causal effects in observational studies. Psychol Methods 
2004;9:403-25. 

323. Madigan D, Ridgeway G. Least angle regression - Discussion. Annals of Statistics 
2004;32:465-469. 

324. Friedman JH. Greedy function approximation: A gradient boosting machine. Annals 
of Statistics 2001;29:1189-1232. 

325. Austin PC. The use of propensity score methods with survival or time-to-event 
outcomes: reporting measures of effect similar to those used in randomized 
experiments. Statistics in Medicine 2014;33:1242-1258. 

326. Rubin DB. Multiple imputation after 18+ years. Journal of the American Statistical 
Association 1996;91:473-489. 

327. Pintilie M. Competing Risks: A Practical Perspective. New York, NY: John Wiley, 
2006. 

328. Mills EJ, Rachlis B, Wu P, et al. Primary prevention of cardiovascular mortality and 
events with statin treatments: a network meta-analysis involving more than 65,000 
patients. J Am Coll Cardiol 2008;52:1769-81. 

329. Chan HL, Tse CH, Mo F, et al. High viral load and hepatitis B virus subgenotype ce are 
associated with increased risk of hepatocellular carcinoma. J Clin Oncol 
2008;26:177-82. 

330. Wong VW, Chan SL, Mo F, et al. Clinical scoring system to predict hepatocellular 
carcinoma in chronic hepatitis B carriers. J Clin Oncol 2010;28:1660-5. 

331. Wu CY, Lin JT, Ho HJ, et al. Association of nucleos(t)ide analogue therapy with 
reduced risk of hepatocellular carcinoma in patients with chronic hepatitis B: a 
nationwide cohort study. Gastroenterology 2014;147:143-151 e5. 

332. Sutter AP, Maaser K, Hopfner M, et al. Cell cycle arrest and apoptosis induction in 
hepatocellular carcinoma cells by HMG-CoA reductase inhibitors. Synergistic 
antiproliferative action with ligands of the peripheral benzodiazepine receptor. J 
Hepatol 2005;43:808-16. 

333. Arnaud C, Burger F, Steffens S, et al. Statins reduce interleukin-6-induced C-reactive 
protein in human hepatocytes: new evidence for direct antiinflammatory effects of 
statins. Arterioscler Thromb Vasc Biol 2005;25:1231-6. 

334. Bader T, Korba B. Simvastatin potentiates the anti-hepatitis B virus activity of FDA-
approved nucleoside analogue inhibitors in vitro. Antiviral Res 2010;86:241-5. 

335. Zhu Q, Li N, Han Q, et al. Statin therapy improves response to interferon alfa and 
ribavirin in chronic hepatitis C: a systematic review and meta-analysis. Antiviral Res 
2013;98:373-9. 

336. Rao GA, Pandya PK. Statin therapy improves sustained virologic response among 
diabetic patients with chronic hepatitis C. Gastroenterology 2011;140:144-52. 

337. Butt AA, Yan P, Bonilla H, et al. Effect of addition of statins to antiviral therapy in 
hepatitis C virus-infected persons: Results from ERCHIVES. Hepatology 
2015;62:365-74. 

338. Simon TG, King LY, Zheng H, et al. Statin use is associated with a reduced risk of 
fibrosis progression in chronic hepatitis C. J Hepatol 2015;62:18-23. 

339. Yang YH, Chen WC, Tsan YT, et al. Statin use and the risk of cirrhosis development in 
patients with hepatitis C virus infection. J Hepatol 2015;63:1111-7. 

340. Marrone G, Maeso-Diaz R, Garcia-Cardena G, et al. KLF2 exerts antifibrotic and 
vasoprotective effects in cirrhotic rat livers: behind the molecular mechanisms of 
statins. Gut 2015;64:1434-43. 

341. Younoszai Z, Li Z, Stepanova M, et al. Statin use is not associated with liver related 
mortality. Ann Hepatol 2013;13:84-90. 



 

   

161 

342. Ray KK, Seshasai SR, Erqou S, et al. Statins and all-cause mortality in high-risk 
primary prevention: a meta-analysis of 11 randomized controlled trials involving 
65,229 participants. Arch Intern Med 2010;170:1024-31. 

343. Naci H, Brugts JJ, Fleurence R, et al. Comparative benefits of statins in the primary 
and secondary prevention of major coronary events and all-cause mortality: a 
network meta-analysis of placebo-controlled and active-comparator trials. Eur J 
Prev Cardiol 2013;20:641-57. 

344. Hsiang JC, Gane EJ, Bai WW, et al. Type 2 diabetes: A risk factor for liver mortality 
and complications in hepatitis B cirrhosis patients. J Gastroenterol Hepatol 
2015;30:591-9. 

345. Lund JL, Montomoli J. Common flaws in pharmacoepidemiologic study design and 
analysis. J Clin Oncol 2013;31:4161-2. 

346. McCleary L. Using multiple imputation for analysis of incomplete data in clinical 
research. Nurs Res 2002;51:339-43. 

 

 


	coversheet.pdf
	General copyright and disclaimer


