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Abstract 

Liver cancer is one of the leading causes of deaths in many countries around the 

world therefore identifying new risk factors for liver cancer is a priority. The aim of 

this thesis was to investigate new risk factors for liver cancer and add new insights to 

previously identified liver cancer risk factors.  

Excessive iron levels due to hemochromatosis have been shown to increase liver 

cancer risk. However, the association between elevated iron levels and liver cancer 

risk in people not predisposed to hemochromatosis has not been well studied. We 

conducted a systematic review and meta-analysis to synthesize evidence from 

previous cohort and nested-case control studies.  We found some evidence of an 

increased risk of primary liver cancer with high iron levels as measured by serum 

ferritin or serum iron.  

Proton pump inhibitors and histamine-2 receptor antagonists are commonly used. 

Proton pump inhibitors have been shown to promote liver cancer in rats; however, 

only one study has examined the association in humans. We conducted the first study 

on the use of proton pump inhibitors and histamine-2 receptor antagonist in relation 

to liver cancer risk. We conducted a nested case-control study using Primary Care 

Clinical Informatics Unit (PCCIU) and a cohort study using UK Biobank. We found 

an increased risk of liver cancer, especially of intrahepatic bile duct carcinoma in 

proton pump inhibitors users but not in histamine-2 receptor antagonists users. This 

novel association requires further research to determine whether it is causal or 

reflects confounding. Using these study designs in PCCIU and UK Biobank, we also 

explored the relationship between statin use and liver cancer risk. We found a 

consistent decreased risk of liver cancer in statin users, specifically for hepatocellular 

carcinoma, even after adjusting for high cholesterol and chronic liver disease.  

Previous studies have shown an inverse association between coffee consumption and 

liver cancer, but have not investigated coffee by type.  We examined the role of 

different types of coffee on liver cancer risk using the UK Biobank. Findings showed 

that any type of coffee (caffeinated, decaffeinated, or instant coffee) was similarly 

associated with a reduced risk of liver cancer, specifically for hepatocellular 

carcinoma.  Future studies should further investigate which components of coffee 

may have anti-carcinogenetic properties. Another cohort study based on China 
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Kadoorie Biobank investigated the relationship between household air pollution, 

from cooking and heating, and the risk of liver cancer mortality. We found use of 

coal and smoke in the household were associated with an increased risk of liver 

cancer mortality.  

Consistent reports of a lower risk of liver cancer in women compared to men suggest 

female sex hormones may be protective. We conducted a cohort study in the China 

Kadoorie Biobank exploring a range of reproductive factors in relation to liver 

cancer mortality. Among reproductive factors, only menopausal status was found to 

increase the risk of liver cancer mortality. We also investigated circulating sex 

hormones and liver cancer risk in men and women from UK Biobank cohort.  Our 

findings showed that men who had higher levels of testosterone and SHBG had 

higher risk of liver cancer, specifically of HCC, but this association was not found in 

women.   

In summary, the current thesis has contributed to the literature by identifying new 

risk factors for liver cancer and clarifying previously identified associations. Future 

studies are required to replicate the novel associations observed in this thesis.  
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Chapter 1 

 

Introduction 
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1.1 Liver cancer incidence 

Liver cancer is the sixth most common cancer in the world; fifth in males and ninth 

in females
1
. The highest incidence rate is observed in Asia and Africa, while Europe, 

Latin America, and the Caribbean have lower rates
1
, see Figure 1.1. However, in 

recent years the rates of liver cancer have increased in historically low rate regions 

like Oceania, Western Europe, and Northern America
2
. The cause of this increase is 

unknown but researchers have speculated that it could reflect increasing rates of 

hepatitis C virus infection, obesity, and diabetes
2
. In contrast, in Asian countries like 

China, Japan and Taiwan there has been a gradual decrease in the rate of liver cancer 

corresponding to interventions designed to prevent hepatitis B and C infection
2
.  

 

Figure 1. 1: The incidence age-standardized rate by sex for liver cancer per 100,000 

in the world (GLOBOCAN 2018)
1
 

Permission to reuse the figure is granted by John Wiley and Sons 

 

In the UK, liver cancer incidence has been increasing consistently from 1980
3
 

(Figure 1.2). In 2014, the age standardized incidence rates (ASR) per 100,000 
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persons per year was 16.21 in men and 6.87 in women in 2014
4
. Furthermore, the 

standardized incidence rate has been projected to increase by 43% in men and 21% 

in women from 2015 to 2035
4
. With this projection, liver cancer has the highest 

percentage increase in incidence rate of all types of cancer in the UK.  

 

Figure 1. 2: The age-standardized incidence rate and mortality rate of liver cancer per 

100,000 population in both sexes of the UK
3
 

Permission to reuse the figure is not required by Springer Nature 

In China, the ASR of liver cancer incidence was observed to increase in men from 

37.70 to 40.19 per 100,000 population in the period 1990 to 2017, while the decrease 

was observed in women from 16.39 to 12.19 per 100,000 population in that period
5
 

(Figure 1.3). The incidence of liver cancer in China is projected to decrease by 

18.9% in both sex combined in the period 2014-2030
6
.   

The incidence rate of hepatocellular carcinoma (HCC), the main histological type of 

liver cancer, was reported to increase more in men from 0.63 to 2.48 per 100,000 

population than in women from 0.18 to 0.59 per 100,000 in the UK during 1990-

2009
7
. Intrahepatic bile duct carcinoma (IBDC), the second main type, was reported 

to increase in both men (from 0.40 to 1.25 per 100,000 population) and women (from 

0.28 to 1.08 per 100,000 population) during that period
7
.  

 

1.2 Liver cancer mortality 

Liver cancer is the second most common cause of death from cancer in the world in 

men after lung cancer and the sixth most common cause of death from cancer in 
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females
1
.The death rate from liver cancer is highest in Northern and Middle Africa, 

Eastern and South-Eastern Asia, Melanesia, and Micronesia
2
. In general, low-income 

countries have higher rates of mortality from liver cancer than higher-income 

countries
2
.  

In the UK, liver cancer accounts for 4% of all cancer deaths in men and 3% of all 

cancer deaths in women, corresponding to a total of 5766 liver cancer deaths in 

2014
4
. Compared with other cancers, liver cancer is projected to have the highest 

increase in age-standardized mortality rates of 57% from 2015 to 2035
4
.  

In China, the ASR of liver cancer mortality was observed to decrease in men from 

36.74 to 31.80 and in women from 16.65 to 11.15 per 100,000 population during 

1990 to 2017
5
 (Figure 1.3). It is projected that liver cancer mortality will decrease by 

11.95% in both sexes combined during the period 2014 to 2030
6
. 

The mortality rate of HCC in the UK was observed to increase from 1.40 to 1.83 per 

100,000 in men but was observed to be more stable in women from 0.35 to 0.41 per 

100,000 during 2002-2007
8
. The IBDC mortality rate, however, was observed to 

increase in both women (from 0.87 to 1.12 per 100,000) and in men (from 1.00 to 

1.24 per 100,000)
8
.  

 

Figure 1. 3: The age-standardized incidence rate (ASIR) and mortality rate (ASMR) 

of liver cancer per 100,000 population in males and females of China
9
 

Permission to reuse the figure is not required by MDPI 

 

1.3 Pathology 

The main type of liver cancer is HCC which accounts for 78% of liver cancer 

according to a study in the United States
10

. Therefore, much of the content of this 
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introduction relates specifically to HCC. Goodman also reports that 

cholangiocarcinoma is the second most common type of liver cancer accounting for 

8% of cancers
10

.   

HCC can be divided into three main patterns which are nodular, massive, and diffuse 

types
11

, see Figure 1.4. The nodular is the most common type, characterized by one 

or many nodules well encapsulated by fibrous outline. The massive pattern is 

composed of a large tumor poorly demarcated with invasive margins. With such 

invasive structure, this infiltrative pattern usually associates with poor prognosis
11,12

. 

The diffuse is the least frequent type, defined by numerous small nodules occupying 

the surrounding normal liver tissue, enlarging the liver and decompensating hepatic 

cells function
13

. 

Different architectural patterns have also been defined. The three most common are: 

the trabecular type in which hepatic cell layers form plates with various thickness, 

the pseudoglandular or acinar type recognized by gland-like dilated bile canaliculi 

containing inflammatory products, and the compact or solid type, identified as thick 

trabeculae are poorly organized and compressed blood space
11

. Among these 

histopathological features of HCC, the first two usually occur with good to moderate 

differentiation of tumour. The latter occurs with moderate to poor differentiation of 

HCC
11

. 
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Figure 1. 4:  Macroscopic aspect of HCC: a. Nodular pattern of HCC developed in a 

cirrhotic liver; b. Infiltrative pattern of HCC developed in a cirrhotic liver; c. Early 

HCC on a cirrhotic tissue; d. Nodular HCC developed in a normal liver in the context 

of metabolic syndrome
11

 

Permission to reuse the figure is granted by Springer Nature 
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1.4 Screening 

Late detection and diagnosis contributes to the high morbidity of HCC. Consequently 

there has been research into the effectiveness of surveillance programs to improve 

survival from HCC. The target population for HCC surveillance is people who are at 

high risk of HCC development
14

. Patients with hepatitis B or C accompanied by 

cirrhosis have the highest risk for development of HCC and therefore they should 

undergo surveillance
14

. Other patients who should undergo surveillance are hepatitis 

B or C carriers, genetic hemochromatosis, primary biliary cirrhosis, non-alcoholic 

steatohepatitis, alpha 1 antitrypsin deficiency, and autoimmune hepatitis
14

. More 

detailed information on the population who benefit from HCC surveillance is 

described in Table 1.1.  

Table 1. 1: Patients at the highest risk for HCC
14

  

Population Group Incidence of HCC 

Surveillance benefit 
 

Asian male hepatitis B carriers over age 40  0.4%-0.6% per year 

Asian female hepatitis B carriers over age 50  0.3%-0.6% per year 

Hepatitis B carrier with family history of HCC  Incidence higher than without family 

history 

African and/or North American blacks with hepatitis B  HCC occurs at a younger age 

Hepatitis B carriers with cirrhosis  3%-8% per year 

Hepatitis C cirrhosis  3%-5% per year 

Stage 4 primary biliary cholangitis  3%-5% per year 

Genetic hemochromatosis and cirrhosis  Unknown, but probably >1.5% per year 

Alpha-1 antitrypsin deficiency and cirrhosis  Unknown, but probably >1.5% per year 

Other cirrhosis  Unknown 

Surveillance benefit uncertain  

Hepatitis B carriers younger than 40 (males) or 50 

(females)  

<0.2% per year 

Hepatitis C and stage 3 fibrosis  <1.5% per year 

NAFLD without cirrhosis  <1.5% per year 
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In one observational cohort study conducted in Netherlands, all patients with HCC 

diagnosed in the period 2005-2012 in five centers were identified and whether they 

had been under surveillance was determined
15

. Patients were defined as having 

received surveillance if they received at least two screening tests (alfa-fetoprotein 

(AFP) and/or imaging test) within three years before HCC diagnosis and at least one 

radiologic imaging test within 18 months before HCC diagnosis. The result showed 

that patients receiving surveillance had a smaller tumour size, earlier tumour stage, 

lower AFP levels, and higher 1-,3-, and 5- year survival rates than the group not 

receiving surveillance
15

. 

Practice guidelines have been established to standardize surveillance programs
16

. 

Screening tests include serological and radiological. The three common tests 

serological tests used are: AFP, des-gamma-carboxy prothrombin (DGCP), and the 

L3 fraction of AFP to total of AFP (AFP-L3) 
17

.  

AFP has been used clinically for over 40 years to detect HCC. At an AFP cut-off 

level of 20ng/ml, the sensitivity is relatively low at 41% to 65% and the specificity 

ranges from 80% to 94%
18

. A weakness of AFP as a screening tool is that levels are 

known to be elevated in patients with acute hepatitis and cirrhosis, leading to false 

positives for HCC
19

. AFP-L3 is reported to be more sensitive than APF for HCC 

screening, but it is more expensive, requiring special equipment, and therefore is less 

often used
17

.  

Another common serological test is DGCP. A nested-case control study was 

conducted to evaluate the accuracy of either AFP alone, DGCP alone or a 

combination of both test in early HCC diagnosis in hepatitis C patients
20

. The study 

showed that at 12 month prior to HCC diagnosis, the sensitivity and specificity of 

DGCP at the cut-off of 40 mAU/ml were 43% and 94%, respectively, and for AFP 

using the cut-off of 20ng/mL, were 47% and 75%, respectively. When both markers 

were combined, the sensitivity increased to 73%, while the specificity decreased to 

71%. This result showed that the combination of AFP and DGCP is complementary. 

However, the author concluded that neither one of the biomarkers nor their 

combination is sufficient for HCC surveillance
20

. Therefore, cost-effective serum 

biomarkers for HCC surveillance have yet to be discovered.  
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Another study built a statistical model based on these serological biomarkers to 

determine the risk of HCC in chronic liver disease patients
21

. The diagnostic model 

incorporated AFP, AFP-L3, and DGCP, along with gender and age into the model 

named Gender, Age, AFP-L3, AFP, DGCP (GALAD)
21

. GALAD model has been 

shown to detect HCC with high level of accuracy in case-control studies
21

 and 

recently in a cohort study of non-alcoholic steatohepatitis population
22

. The value of 

GALAD model is further needed to be confirmed in prospective cohort studies in 

populations with different underlying liver diseases.  

Ultrasonography is the most commonly used radiological test used to detect HCC. 

According to a meta-analysis of surveillance with ultrasound, this modality has 

sensitivity of 63% in detecting early HCC
23

. Furthermore, 6 monthly surveillance 

using ultrasonography has been shown to increase sensitivity compared with annual 

surveillance (70% versus 50%, p=0.0001)
23

. This study also concluded that the 

sensitivity of the combination of AFP and ultrasound is not significantly better than 

ultrasound alone (69% and 63%, respectively, p=0.65). Furthermore, AFP in addition 

with ultrasound increases the false-positive rate and cost
24

. The main weaknesses of 

ultrasound is the low sensitivity and that its performance depends on the operator‘s 

experience and it does not give accurate result when screening obese patients or 

patients with nodular cirrhotic liver
25

. Despite these weaknesses, this author 

indicated that ultrasound is the first primary choice in HCC screening among 

radiological tests and superior to serological tests.  

Computed axial tomography which is often used to diagnose HCC is now being 

suggested as a surveillance tool. However, its effectiveness has not been tested yet in 

HCC surveillance. Furthermore, to achieve the highest sensitivity, patients would 

need to have 4-phase scans which are costly and would result in exposure to 

radiation which carries a risk of carcinogenesis
14

.  

In general, according to AASLD guidelines the recommended modality for HCC 

surveillance is ultrasonography with or without AFP every six months
14

. Using 

serological biomarkers in the GALAD model is promising but needs confirmation 

from cohort studies. Computed axial tomography is currently not recommended as 

the primary screening modality for HCC due to its low cost-effectiveness
14

. Further 

alternative modalities need to be studied to predict HCC earlier. 
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1.5 Symptoms 

Patients who are at an early stage of their liver cancer are often asymptomatic. 

Typically, symptoms only show when liver cancer has progressed to advanced 

stages
26

. Possible signs and symptoms are the right upper quadrant pain, palpable 

mass, nausea and vomiting, weight loss, fever, ascites, jaundice, and peripheral 

edema
27

. Table 1.2 shows common signs and symptoms of liver cancer and their 

management.  

 

Table 1. 2: Management of HCC symptoms
27

 
  

Symptom Treatment 
  

Abdominal pain Opioid analgesics (moderate to severe) 

NSAIDS (mild)  
  

Fatigue Treatment of contributing factors, if indicated: 

Anemia (erythropoietin) 

Antidepressants (depression) 

Sleep disturbance 

Nutritional deficiencies 

Deconditioning (exercise) 

Decreased energy level (psychostimulants) 

 

 

 

 

 

 
  

Anorexia/cachexia Treatment of contributing factors, if indicated: 

Chronic nausea (antiemetics) 

Constipation (laxatives) 

Antidepressants (depression) 

Pharmacologic: Megestrol acetate 

Others: 

Artificial nutrition 

Dietary counseling 

 

 

 

 

 

 

 
  

Ascites Pharmacologic: Diuretics (potassium-sparing + loop) 

Procedural: Paracentesis  

  

Jaundice secondary to 

biliary obstruction  

Percutaneous drainage 

Biliary stent 

For cholestatic pruritus: 

Cholestyramine 

Self-care measures (emollients, perfume-free soaps) 
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1.6 Staging 

Many staging systems have been established for HCC. Among them, the Barcelona 

Clinic Liver Cancer (BCLC) is the first system which provides recommendation on 

clinical treatment corresponding for each stage
28

. The BCLC system consists of three 

factors including liver function, tumour extension, and physical status (Table 1.3).  
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Table 1. 3: The Barcelona Clinic Liver Cancer staging system
28

 

 

 Stage 0 

(very early stage) 

Stage A 

(early stage) 

Stage B 

(intermediate 

stage) 

Stage C  

(advanced stage) 

Stage D  

(terminal stage) 

      

Liver function 

(Child Pugh score) 

Child Pugh A Child Pugh A or B  Child Pugh A or B  Child Pugh A or B  Child Pugh C 

      

Tumour extension 

(number of tumour, 

tumour size, portal 

vein invasion, or 

extrahepatic 

metastasis) 

One tumour size 

less than 2cm 

 

 

No portal invasion 

or metastasis 

One tumour of any 

size, or up to three 

tumours with sizes 

less than 3 cm. 

No portal invasion 

or metastasis 

Multiple tumours  

 

 

 

No portal invasion 

or metastasis 

 

 

 

 

Tumours have 

spread to portal 

vein, lymph nodes 

or have 

metastasized to 

other organs 

 

 

 

 

Tumours have 

spread to portal 

vein, lymph nodes 

or have 

metastasized to 

other organs 
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Physical status (PS) Fully active (PS 0) Fully active (PS 0) Fully active (PS 0) Patients cannot 

carry out heavy 

physical work (PS 

1), or be able to 

look after 

themselves but 

cannot work (PS2) 

Patients are in bed 

more than half of 

the day and need 

help to look after 

themselves (PS 3), 

or patients are in 

bed all the time and 

need complete care 

from others (PS 4) 
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The Child Pugh classification was established to estimate the degree of liver damage 

which is reflected by five factors including encephalopathy, ascites, bilirubin, 

albumin, and prothrombin time (Table 1.4). The Child Pugh score is obtained by 

adding points in each parameter. Patients are assigned to Child Pugh A when the sum 

of score is 5-6 points, Child Pugh B is when the sum is 7-9 points, and Child Pugh C 

is when the sum is 10-15 points
29

. 

 

Table 1. 4: Child Pugh classification of the severity of liver function
29

. 

 Point 

 1 2 3 

Encephalopathy None Minimal Advanced 

Ascites Absent Controlled Refractory 

Bilirubin (µmol/l) <34 34-51 >51 

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

Prothrombin time (s) <4 4-6 >6 

 

 

1.7 Treatment 

Treatment of HCC includes curative, palliative, and best supportive care. Each type 

of treatment correspondents with each stage of liver cancer according with BCLC 

classification. 

1.7.1 Curative treatment 

Curative treatment includes liver transplantation, surgical resection, and ablation. 

Curative treatment is recommended for HCC patients at early stage of BCLC 

classification (stage 0 and stage A)
30

. 

Liver transplantation is an option for patients with decompensated cirrhosis
30

. The 

estimated 5-year overall survival rate of HCC patients with liver transplantation is 

60-85%, depending on patients α- fetoprotein levels
31

. Among curative treatment 

options, liver transplantation has the best long term overall survival rate and lowest 
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recurrence rate as it removes all tumours and also removes the underlying cirrhosis or 

chronic liver disesase
32

. However, the availability of donor organ is always low due 

to a high demand.   

Surgical resection is the treatment option for patients who have single nodules, well 

preserved liver function and no underlying cirrhosis
30

.  The 5-year overall survival 

rate of liver surgical resection has been studied to be around 55%
33,34

, depending on 

α- fetoprotein levels, macroscopic vascular invasion, microscopic portal vein 

thrombosis, HCC recurrence, and the time to recurrence
33,34

.  

Local ablative therapy, or radiofrequency ablation (RFA), currently has been shown 

to be an effective alternative therapy for surgical resection when resection cannot be 

performed. It is less invasive and is used for focal tumours
30

. RFA creates high 

frequency electrical currents, generating heat focused on the target liver tumour 

area
35

, and therefore is an effective treatment for small tumours. A meta-analysis 

comparing the 5-year overall survival rate between RFA and liver resection in liver 

tumour of less than 3 cm showed a less favourable survival rate for RFA (RFA, 62%; 

liver resection, 72%, p<0.001), but no significant difference was observed in tumours 

less than 2 cm (RFA, 69%; liver resection, 74%, p 0.33)
36

. RFA also had a lower 

complication rate and shorter hospital stay, compared with liver resection
36

. With 

respect to liver tumours of size 3 to 5 cm, a study showed no difference in the 5-year 

overall survival rate between RFA and liver resection, 68% and 71%, respetively
37

. 

However, the liver resection group had significant higher blood loss and longer 

postoperative hospital stay compared with RFA group
37

.  

 

1.7.2 Palliative treatment 

In patients with intermediate stage (stage B) of BCLC classification with 

multinodular tumours without vascular invasion and extrahepatic metastasis, 

palliative care including transarterial chemoembolization (TACE) and 

radioembolization are the first line treatments
38

. Patients receiving TACE are injected 

a cytoxic drug and embolic agent into hepatic arteries feeding the liver tumour  in 

order to stop the blood supply for the tumour
38

. A meta-analysis of randomized 
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controlled trials including 10,000 patients showed that the 5-year overall survival rate 

of patients receiving TACE for HCC treatment is 32.4%
39

.  

However, TACE is also used in patients in early stage who are in the waiting list for 

liver transplantation. The waiting time for liver transplantation is long and therefore, 

TACE is used as a neoadjuvant prior to transplantation to downstage the tumour and 

to minimize the risk of tumour metastasis before the operation, especially when the 

waiting time exceeds 6-12 months
38

.  Studies have also showed that patients who 

were administered TACE prior to transplantation had decreased HCC recurrence rate 

after transplantation and achieved the 5 year survival rate comparable with patients 

not requiring downstaging
40

. However, repeating TACE at regular interval can be 

toxic to the non-cancerous liver tissue
41

. Radioembolization, a therapy that combines 

embolization and radiation, is known to be superior than TACE in targeting small 

tumours due to its smaller size embolizing particles (35 in diameter compared with 

100-500 in diameter in TACE) which minimize damage to non-cancerous liver 

tissue
30

. Furthermore, radioembolization has been studied to have longer time to 

progression and have less toxicity than TACE, though they are comparable in overall 

survival
42

. 

In patients with advanced stage of BCLC classification (stage C) sorafenib is the first 

line treatment
38

. Sorafenib acts by inhibiting kinases relevant to tumour proliferation 

and angiogenesis, hence suppressing the progression of liver cancer as a result
43

. A 

meta-analysis of randomized controlled trials showed that sorafenib group is 

significantly effective in reducing the risk of liver cancer death and liver cancer 

progression compared with placebo group
44

.  

 

1.7.3 Supportive care 

Patients at the final stage of liver cancer receive palliative support including pain 

management, nutrition and psychological support
45

. Pain control should be given 

according with the severity of pain. For example, acetaminophen should be the first 

treatment for mild pain as it is effective and safe when using at a recommended dose. 

Patients who have moderate or severe pain can be given opioids like methadone, 

morphine, or codeine. However, these drugs are metabolized through hepatic 
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oxidation and glucuronidation. Therefore, they must be used with caution because 

toxic metabolites can be accumulated due to impaired clearance ability of the liver in 

later stages of cancer
45

.  

Nutrition is an important issue in patients with liver cancer, especially in those with 

late stage disease with decompensated cirrhosis. Malnutrition is common at this stage 

and patients usually have weight lost and muscle wasting. Nutritional intervention by 

enteral or parenteral can be considered in this stage if patients cannot meet their basic 

diet needs by eating
45

.  

Psychological complications that cancer patients can encounter include anxiety, fear, 

hopelessness, anger which can be derived from the disease they are suffering or from 

other personal issues or family issues. The support from family members and 

especially the encouragement from doctors are important in helping patients to 

address their psychological problems. Nonpharmacological interventions include 

cognitive behavior therapy, spiritual and religious care, or support groups may be 

considered before pharmacological approaches
45

.  
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1.8 Risk factor 

1.8.1 Cirrhosis 

Cirrhosis is described as a condition in which under chronic liver injury normal 

hepatic tissue is transformed into fibrous and nodular formation
46

.  

There has been much research into the association between cirrhosis and liver cancer. 

Longitudinal studies have investigated the rates of HCC in patients with liver 

cirrhosis. For instance, in a study of 90 cases of cirrhosis the proportion developing 

HCC was 3.5%, 15.5%, 31%, and 48.5% at 1, 2, 3, and 5 years respectively
47

. 

The rate of HCC development in cirrhosis patients has also been shown to vary 

according to the different etiology of cirrhosis. The 5-year cumulative risk of HCC in 

patients with hepatitis C related cirrhosis patients was 30% in Japan and 17% in 

Europe and the United States
48

. In hemochromatosis related cirrhosis the 5 year risk 

of  HCC development was 36%
49

, and in hepatitis B related cirrhosis the 5-year risk 

of HCC development was 17% in East-Asia and 10% in the Western Europe and the 

United Stated
50

. Finally, in alcohol related cirrhosis, the 5 year risk of HCC was 

1%
51

.  

 

1.8.2 Infection 

Hepatitis B and hepatitis C infection are two major risk factors in the development of 

HCC.  

The importance of HBV is underlined by the geographic variation in HCC incidence 

rates. For instance, the incidence of HCC is highest in sub-Saharan Africa and 

Eastern Asia where HBV prevalence is 8%
52

.  

HBV infection can progress to HCC through direct and indirect pathways. The main 

indirect pathway is through cirrhosis. A study has found that 94% of HBV patients 

diagnosed with HCC had underlying cirrhosis
53

. A recent systematic review also 

showed that the 5-year HCC cumulative risk of HCC in Asian countries was 1% in 

inactive HBV carriers, 3% in patients with chronic HBV without cirrhosis, and 17% 

in compensated cirrhosis
50

. Similarly, in Europe and United States, the 5-year 

incidence of HCC was 0.1%, 1%, and 10% in inactive HBV carriers, in patients with 
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chronic HBV and cirrhosis, and in patients with compensated cirrhosis, 

respectively
50

.  

HBV is also thought to have a direct oncogenic impact on the liver. A possible 

mechanism is through the integration of HBV-DNA into chromosomes of 

hepatocytes, triggering subsequent reaction sequences, and inactivating tumor 

suppressor
54

. This pathway has a weaker association with HCC. For instance, a study 

revealed the HCC incidence at 5 years in non-cirrhotic and HBV patients is 2%, 

while the HCC incidence in cirrhotic patients regardless of etiology is 14.4%
55

.  

Unlike HBV, cirrhosis in HCV infection is generally accepted as a prerequisite to 

HCC. However, in some cases HCV has been noticed directly progress to HCC 

without underlying cirrhosis. For example, a study identified that 16% of HCC 

patients had HCV infection without cirrhosis, after examining these cases there was 

no evidence of HBV co-infection or aflatoxin exposure
55

. Also, another study in 

USA found 7% had HCV infection in non-cirrhotic HCC patients
56

. Furthermore, the 

prevalence of HCV in non-cirrhotic and HCC patients varies according to geography 

and population
57

. Result from this systematic review conducted in 2010 showed that 

the prevalence of HCV in patients with HCC without cirrhosis varies from 0% to 

68%. Though both HBV and HCV in non-cirrhotic patients have a better prognosis 

than in cirrhotic patients, the absence of symptoms of cirrhosis can lead to reduced 

HCC surveillance.  

 

1.8.3 Alcohol 

Alcohol has been studied as a risk factor for HCC via both genotoxic and cirrhotic 

mechanisms. 

A recent systematic review investigated the dose relationship between alcohol 

consumption with the incidence of HCC
58

.This systematic review, including 11 

cohort and 5 nested case-control studies, showed that compared to a non-drinking 

group, moderate (<3 drinks per day) and heavy (>= 3 drinks per day) drinking groups 

have risks of liver cancer with HRs of 0.91 (95% CI 0.81, 1.02) and 1.16 (95% CI 

1.01, 1.34), respectively. The authors acknowledged that this could reflect presence 

of cirrhosis which is increased in patients with higher alcohol intakes
58

. 
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Moreover, the impact of alcohol on liver cancer appears to be more marked in 

patients with viral hepatitis and/or diabetes mellitus. In one study, solely heavy 

drinking was associated with 4.5 fold increase in HCC risk whereas heaving drinking 

and HBV or HCV infection was associated with more marked increases of 53.9 fold 

and heavy drinking and diabetes was associated with a 9.9 fold increase in liver 

cancer risk
59

. 

Interestingly, one study investigated people who stop drinking alcohol to see whether 

this reduces the  risk of HCC and observed a 6-7% decrease in risk per year 

stopped
60

.  

 

1.8.4 Smoking 

Smoking has been studied to be a strong risk factor for liver cancer. A systematic 

review and meta-analysis
61

 pooled the estimates from 72 epidemiological studies (24 

cohort and 48 case-control studies) for the association between smoking and risk of 

liver cancer. Compared to non-smoker, the pooled risk of development of liver 

cancer in former smoker was OR 1.39 (95% CI 1.26, 1.52), pooled risk in current 

smoker was OR 1.55 (95% CI 1.46, 1.65), and pooled risk in heavy smoker was OR 

1.90 (95% CI 1.68, 2.14). Restricted analysis in cohort studies only showed similar 

results
61

. 

Another meta-analysis consisting of 14 US prospective cohort studies from the Liver 

Cancer Pooling Project also found significant risk of liver cancer in both former and 

current smokers compared with non-smokers
62

. This study added that smokers who 

quit smoking for a longer period had a lower risk of liver cancer than smokers who 

had more recently quit. For instance, compared with non-smoker, those who quit 

smoking in the last ten years had the risk of liver cancer of HR 1.47 (95% CI 1.19, 

1.82), and those who quit smoking more than thirty years had the risk of liver cancer 

of HR 1.09 (95% CI 0.74, 1.61)
62

.  

Smoking has been shown to interact with other factors. For instance, in a case-control 

study from a Chinese population, compared with patients who were HBV negative 

and never smoked, those HBV negative who had smoked had an OR 1.25 (95% CI 

1.03, 1.52), those HBV positive and never smoked had an OR of 7.66 (95% CI 6.05, 
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9.71), and those HBV positive who had smoked had an OR of 15.68 (95% CI 12.06, 

20.39)
63

.  

 

1.8.5 Diabetes mellitus 

Diabetes mellitus is a common chronic disease in developed countries. A recent 

systematic review investigated the association between diabetes mellitus and HCC
64

. 

Overall, in 17 case-control studies and 32 cohort studies, the association between 

diabetes and HCC risk was 2.31 (95% CI: 1.87, 2.84). This association did not differ 

by geographic region.  For instance, the RR was 2.51 in Europe, 2.43 in North 

America and 2.00 in Asia. This systematic review also investigated diabetes 

treatments. It showed that in patients treated with sulfonylurea or insulin the risk of 

HCC was 12.9 times compared to patients treated with metformin. Also, this study 

also showed a higher risk of HCC with longer durations of diabetes. In particular, 

patients who had diabetes less than 5 years, 5 to 10 years or more than 10 years had 

HCC RRs of 2.62, 2.73 and 3.26, respectively.  

 

1.8.6 Non-alcoholic fatter liver disease (NAFLD) 

Fatter liver disease is an ineffective fatty acid metabolism in which triglycerides and 

lipid accumulate in hepatic cells
65

. It is divided into alcoholic or non-alcoholic fatter 

liver disease depending on the presence of alcohol consumption
65

. NAFLD can 

progress from solely steatosis to non-alcoholic steatohepatitis (NASH) by 

inflammation
66

. Cirrhosis is a critical factor in the progression from NASH to HCC. 

A systematic review of 17 cohort studies, demonstrated that NAFLD or NASH 

cohorts with no cirrhotic patients had minimal risk of HCC whereas NASH cohorts 

with cirrhosis had a cumulative risk of HCC of up to 13% at 3 years
67

.  

 

1.8.7 Obesity 

Obesity has a synergetic association with diabetes mellitus and non-alcoholic fatter 

live disease in the formation of liver cancer. In obese people, adipose cells 

increasingly release non-esterified fatty acids, glycerol, hormones like leptin and 
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adiponectin, and other factors related  to insulin resistance
68

. Insulin resistance in 

return causes accumulation of fat in hepatocytes, which is one of critical basic steps 

in forming non-alcoholic fatter live disease
69

.   

Obesity was proven to be positively associated with primary liver cancer (PLC) in a 

meta-analysis
70

. Twenty six prospective studies in this meta-analysis revealed that 

excess body weight (BMI ≥ 25 kg/m2) has risk of PLC of 1.48 (95% CIs 1.31-1.67) 

and obesity (BMI ≥ 30 kg/m2) has risk of PLC of 1.83 (95% CIs 1.59-2.11). This 

increased risk was independent of alcohol consumption, diabetes, and HBV or HCV 

infection. 

 

1.8.8 Aflatoxins 

Aflatoxins are poisonous substances produced by two main fungi Aspergillus flavus 

and Aspergillus parasiticus
71

. Aflatoxin contamination can occur both in pre-harvest 

and post-harvest. Aflatoxin contamination in pre-harvest can be found in agricultural 

products like maize, cottonseed, peanuts, tree nuts, and grains, while contamination 

in post-harvest is related to storage of these products or other crops like coffee, rice, 

and spices
71

. Exposure of aflatoxin varies markedly by country. In general, 

inhabitants of less developed countries like sub-Saharan African countries had higher 

exposure to aflatoxin than developed countries
71

. 

Aflatoxin has been linked with liver cancer. A study has estimated that among 

550,000 to 600,000 globally incident HCC cases each year, there are 25,000 to 

155,000 annual HCC cases attributable to aflatoxins after taking account for HBV 

infection
72

. Sub-Saharan Africa accounts for 40% of incidence of HCC cases 

attributable to aflatoxins, Southeast-Asia accounts for 27%, and Western Pacific 

Region (mainly China) accounts for 20% of HCC cases attributable for aflatoxins
72

.  

 

1.8.9 Hereditary hematochromatosis 

Hereditary hematochromatosis is a condition featured by the overload of iron 

accumulated in human body caused by a hereditary mutation of the gen HFE
73

. In 

healthy adults the absorption of iron from food into the body is controlled strictly at 
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around 10 to 20% of total iron intake. However, the mutation of the gene HFE in 

hematochromatosis causes uncontrolled absorption of iron, leading to excessive 

accumulation of iron in the body
73

.  Two most common mutations of  HFE gene are 

C282Y and H63D
74

.  

A meta-analysis including 1152 HCC cases and 3131 controls found that the C282Y 

mutation on HFE gene was associated with OR 1.57 (95% CI 1.21, 2.03)
75

. Another 

meta-analysis with bigger size with of 5758 cases and 14741 controls found that 

C282Y mutation on HFE gen was associated with an increased risk of HCC (OR 

1.55, 95% CI 1.12, 2.14) and an increased risk of NAFLD (OR 1.95, 95% CI 1.16, 

3.28), but was not associated with the risk of liver cirrhosis (OR 0.93, 95% CI 0.75, 

1.17)
76

.  

 

1.9 Risk factors of interest in this thesis 

1.9.1 Nutritional factors 

Hereditary hemochromatosis, a condition in which extreme high levels of iron 

circulating in human body, have been consistently shown to be associated with an 

increased risk of liver cancer
75,76

. High iron levels out of normal range but not 

extreme as in hemochromatosis have also been related to liver cancer in some 

previous studies
77

, however, no pooled data has been made to have an overall 

estimate of this association. The current thesis conducted a meta-analysis which 

pooled data from prospective studies to produce an overall estimate of the association 

between blood iron levels in liver cancer.  

Another nutritional factor which is of interest in this thesis is coffee. Coffee intake 

has been shown to be associated with a reduced risk of liver cancer from previous 

studies
78,79

. However, it is not clear whether the benefits of coffee are different 

among caffeinated, decaffeinated, and instant coffee, as this has not been well 

explored in previous studies. Furthermore, previous studies have not differentiated 

the association between coffee and liver cancer by its histological type, for example, 

hepatocellular carcinoma and intrahepatic bile duct carcinoma. Therefore, the current 

thesis will add to literature the association between coffee and liver cancer risk by 
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coffee type and by histological type of liver cancer by conducting a prospective study 

from UK Biobank. 

 

1.9.2 Medication use 

Recently pharmacoepidemiological studies based on electronic health databases have 

been conducted. The current thesis first explored proton pump inhibitors and 

histamine-2 receptor antagonists in relationship with liver cancer. Literature has 

shown proton pump inhibitors is associated with an increased risk of digestive cancer 

like gastric cancer
80

, oesophageal adenocarcinoma
81

, pancreatic cancer
82

, but 

evidence on liver cancer is limited and inconsistent
83

. Therefore, a prospective study 

was conducted in UK population to confirm again the association between proton 

pump inhibitors and histamine-2 receptor antagonists in relationship with liver 

cancer. The current thesis secondly explored the relationship between statin use and 

the risk of liver cancer whilst accounting for important covariates and potential 

confounders of this association, for example, indication and contraindication of 

statins, which were not well considered in previous studies. A prospective study was 

conducted in UK population to investigate the association.  

 

1.9.3 Indoor air pollution 

China has high incidence and mortality rate of liver cancer in comparison with the 

rest of the world. The Chinese population comprises around 20% of the world 

population
6
 but it accounts for 50% of total number of liver cancer cases and deaths 

worldwide
2
. Dominant risk factors for liver cancer in China are hepatitis B and C 

infection which account for over 65% liver cancer cases
84

, beside other potential risk 

factors as diabetes mellitus, tobacco and alcohol consumption
6
. However, some other 

potential risk factors have received little attention, for example, indoor air pollution. 

Indoor air pollution related to coal use in daily activities for cooking or heating is 

popular in China. Over half of Chinese population use coal as the main energy in 

their daily activities, particularly in rural areas
85

. Indoor air pollution is known as a 

risk factor of lung cancer
86

 and some upper digestive tract cancer
87,88

, however, 

evidence of its association with liver cancer is limited. It is also reported coal use is 
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responsible for the high mortality rate in China
89

, however, it is unclear how many 

deaths are related to liver cancer. Therefore, the current thesis explored the 

relationship between indoor air pollution and risk of liver cancer mortality in the 

Chinese population.  

 

1.9.4 Reproductive and hormonal risk factors  

Females have consistently shown a smaller risk of liver cancer in both incidence rate 

and mortality rate compared to males irrespective of nation
4,6,90

. Females typically 

have fewer risk factors of liver cancer like smoking, alcohol, hepatitis infections than 

males which could explain their lower risk of liver cancer. However, it has been 

suggested that female sex hormones, such as oestrogen, might have benefits on the 

risk of liver cancer. Therefore, the current study firstly explored reproductive factors 

that influence sex hormone levels including first age at menarche, age at menopause, 

duration of fertility, parity, use of contraceptive pills, and surgical removal of 

reproductive organs in the relationship with liver cancer mortality. This study was 

conducted in a Chinese female population because there is a gap in the evidence of 

these associations in prospective cohorts in Asian countries, where the incidence and 

mortality of liver cancer is high.  

The thesis further explores the role of circulating sex hormone, namely oestrogen, 

testosterone, sex hormone binding globulin, and free testosterone in males and 

females separately in the relationship with liver cancer risk. This study will give a 

clearer investigation of the relationship between sex hormone and the risk of liver 

cancer by comparing the estimate in different categories of sex hormone levels 

separately for males and females. This relationship is investigated by conducting a 

prospective cohort study in the UK population. 

 

1.10 Aim of thesis 

The overall aim of this thesis was to investigate novel risk factors for liver cancer 

that have not been widely reported in the literature previously. Specifically, the first 

aim of this thesis is to review and synthesize the existing literature on serum 

biomarkers of iron status associated with liver cancer risk by using a systematic 
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review and a meta-analysis. The second aim of the thesis is to explore aetiological 

factors of liver cancer risk by using prospective study design based on large 

populations in UK and China. As mentioned above, China has one of the highest 

rates of liver cancer incidence and mortality in the world, and therefore it is of 

interest to explore other risk factors that have not been fully investigated from 

literature in this population. The investigated aetiological factors include 

pharmacological exposures (proton pump inhibitors, histamine-2 receptor 

antagonists, statins), lifestyle exposures (coffee consumption, practices contributing 

to household air pollution), and reproductive factors including sex hormones. 

Following this, the thesis includes chapters as below. 

Chapter 1: Introduction 

Chapter 2: Serum biomarkers of iron status and risk of primary liver cancer: A 

systematic review and meta-analysis. 

Chapter 3: Proton pump inhibitor and histamine-2 receptor antagonist use and risk of 

liver cancer in two population-based studies. 

Chapter 4: Statin use and risk of liver cancer: evidence from two population-based 

studies 

Chapter 5: Coffee consumption by type and risk of liver cancer and other digestive 

cancers: A population-based cohort study 

Chapter 6: Household air pollution and risk of liver cancer mortality: A population-

based cohort study 

Chapter 7: Reproductive factors and risk of liver cancer mortality: A population-

based cohort study 

Chapter 8: Circulating sex hormones and risk of liver cancer: A large prospective 

cohort study 

Chapter 9: Discussion 
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Chapter 2
 

Serum biomarkers of iron status and 

risk of primary liver cancer: A 

systematic review and meta-analysis. 
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2.1 Introduction 

2.1.1 The important role of iron 

Iron is an essential element in the human body. It is essential to the formation of two 

important proteins haemoglobin and myoglobin
91

. Haemoglobin transports oxygen 

from lung to tissue and cells, while myoglobin stores and releases oxygen to provide 

energy for muscle contraction
91

. Iron is essential for enzyme function
92

 and an 

essential element for the production of neurotransmitters
93

 and of connective tissue 

like collagen and elastin
94

. Finally, iron works as a key component in immune cell 

proliferation and maturation
95

.  

 

2.1.2 Metabolism of iron 

Iron is obtained through diet and around 1 to 2mg is absorbed per day. The 

absorption of iron is tightly regulated by hepcidin.  Increased body iron levels 

stimulate the activation of hepcidin, inhibiting iron absorption in the proximal 

intestine. In contrast, a lack of body iron inactivates hepcidin, hence the process of 

iron absorption occurs as normal
96

.  

After being absorbed into the body, the majority of iron (75-85%) is stored in 

haemoglobin and myoglobin to do their main function of providing energy to cells 

(Figure 2.1). A small percentage (2%) of iron circulates in the blood stream to bind 

with transferrin and the remaining iron (15-20%) is stored in the liver, spleen, or 

bone marrow as ferritin
97

.  
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Figure 2. 1: Iron distribution in human body
98

 

Permission to reuse the figure is not required by Massachusetts Medical Society 
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2.1.3 Blood iron measurements 

Liver biopsies are the gold standard method to measure exactly the amount of iron in 

the body
99

. However, this is an invasive procedure, with a risk of bleeding and 

infection. In addition, the  liver tissue weight is required to have a precise 

measurement
100

 . Consequently, liver biopsies are seldom used to determine iron 

levels.  Instead, blood iron tests which are less invasive and more cost-effective are 

more commonly used.  

Blood iron tests help practitioners to estimate the overall amount of iron in a patients‘ 

body. Tests are available which measure serum ferritin, serum iron, serum 

transferrin, transferrin saturation, and total iron binding capacity. 

 

2.1.3.1 Serum ferritin 

Ferritin is a protein functioning as a principal storage of iron in tissues. In the human 

body, ferritin exists both inside and outside the cell 
100

. Inside the cell, ferritin acts as 

a repository of iron and releases it when required. Only a small of amount of ferritin 

circulates in blood called serum ferritin, but its concentration closely correlates with 

iron stores in the liver, therefore, it is the most commonly used biomarker to estimate 

iron homeostasis in human body
99

. Among different types of iron biomarkers, serum 

ferritin is the most sensitive in reflecting iron homeostasis, though it is highly 

affected by inflammatory conditions as it is an acute phase protein
100

. Serum ferritin 

is used in diagnosis of iron deficiency including iron deficiency anemia, iron 

overload conditions like hemochromatosis, and in monitoring the response to iron 

therapy
101

.  

In healthy patients, normal serum ferritin ranges from 15 to 200 μg/L for females and 

15 to 300 μg/L for males
102

. Ferritin levels below 12 μg/L are considered abnormal 

and are considered a sign of iron depletion, hypothyroidism, or ascorbate 

deficiency
103

. Ferritin levels can be elevated by inflammatory, hemodialysis, 

infection, hepatic cell damage in liver disease or alcoholic liver disease, metabolic 

abnormality (e.g., obesity), malignancies like leukemia, Hodgkin‘s disease, cancer of 

lung, liver, colon, and prostate cancer,  and end-stage renal disease
104

. Furthermore, 
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patients with hereditary hemochromatosis, or iron overload transfusion, have 

extremely high levels of ferritin
103

. 

 

2.1.3.2 Serum iron 

Serum iron is the iron that binds to transferrin to circulate in the blood stream. In 

healthy patients the normal range of serum iron is 9-29 µmol/L in men and 7-27 

µmol/L in women
97

. However, levels can fluctuate due to iron supplementation and 

iron from diet 
99

. Serum iron level varies during the day with highest concentration in 

the morning and lowest concentration in the afternoon. Therefore, serum iron is not 

considered a reliable measurement of iron status
97

.  

Similarly to ferritin, serum iron level is decreased in iron-deficiency anemia or 

chronic inflammatory disorders and increased in iron overload like hereditary 

hemochromatosis. 

 

2.1.3.3 Serum transferrin 

Transferrin is a protein produced by the liver and works as an iron carrier.  It is 

inversely correlated with body iron status.  In patients with iron deficiency, the liver 

will produce more transferrin in an effort to bind it with more iron from the intestine 

to deliver them to the iron-storage sites such as the liver, spleen, or bone marrow
105

. 

In chronic inflammatory disease and malnutrition, transferrin is  decreased due to 

decreased synthesis
106

. 

 

2.1.3.4 Total iron-binding capacity (TIBC) 

TIBC measures the binding capacity of transferrin to iron. The higher value of TIBC 

refers to a higher capacity to bind with iron. In iron deficient patients, little iron is 

bound to transferrin therefore TIBC increases. In contrast, in iron overload conditions 

like hemochromatosis, more iron is bound to transferrin therefore TIBC decreases
107

 . 

  



Page | 53  
 

2.1.3.5 Transferrin saturation 

Transferrin saturation is a ratio calculated from serum iron divided by TIBC. In 

average, the reference range of transferrin saturation is 15-50 %. 

To give a diagnosis of iron homeostasis, all these iron biomarkers above should be 

read together. In summary, changes of iron biomarkers in different iron diseases are 

presented in the Table 2.1. 

 

Table 2. 1: Changes of iron biomarkers in iron diseases
108

 

 Iron 

Deficiency 

Anaemia 

Iron deficiency 

and inflammation 

Anaemia of 

chronic disease 

Iron 

overload 

Serum 

ferritin 

Decreased 

(Diagnostic 

if <15μg/L) 

Normal (Usually 

<100μg/L) 
Normal/Increased Increased 

Serum iron Decreased Decreased Decreased Increased 

TIBC, 

Transferrin 
Increased Decreased/Normal Decreased/Normal Decreased 

Transferrin 

saturation 
Decreased Decreased/Normal Decreased Increased 
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2.1.4 Potential carcinogenic effect of excess iron 

Digested iron in the duodenum and jejunum are in the form of ferrous Fe
2+

 or ferric 

Fe
3+

. Ferrous Fe
2+ 

is absorbed directly to enterocytes, while ferric Fe
3+

 needs to be 

reduced to Fe
2+ 

before binding with its receptor divalent metal transporter 1 (DMT1) 

at the luminal surface to enter the enterocytes (Figure 2.3). After entering 

enterocytes, ferrous Fe
2+

 can be stored as ferritin or be transported to the basolateral 

surface to enter the blood stream (Figure 2.2). After being released into the 

circulation, ferrous Fe
2+

 needs to be oxidized to transform into ferric Fe
3+

 to bind 

with transferrin to circulate
109

. 

From this process, it could be recognized that iron metabolism is strictly managed. 

Iron is chelated by binding with ferritin in intracellular cells, or binding with 

transferrin in the plasma. No free iron circulates in plasma in healthy individuals. 

However, in patients with iron overload, transferrin is fully saturated and cannot 

carry further iron, leading to an excessive iron not binding with transferrin in blood 

stream. These free iron will react with hydrogen peroxide to produce hydroxyl 

radical, following this chemical reaction:  

 

Hydroxyl radical is known as one of the most damaging free radicals. It is highly 

reactive and destroys polysaccharides, breaking DNA structure, peroxidating lipids, 

and devastating cells
110

. Cell membranes are destroyed and their structures are 

broken, releasing the intracellular iron into the blood stream, which finally 

contributes more to the excessive iron plasma
111

.  

 

  



Page | 55  
 

 

Figure 2. 2: Iron absorption in intestine
109

 

The permission to reuse the figure is granted by Baishideng Publishing Group Inc 
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2.1.5 Iron overload  

The liver is one of the main iron stores and therefore abnormally high iron levels 

have a marked impact on the liver.  

2.1.5.1 Hemochromatosis 

Many studies have demonstrated that patients with hemochromatosis, a hereditary 

gene mutation that causes excessive iron absorption, have higher risk of liver 

cancer
112

.  In healthy patients around 10-20% of the iron from dietary intake is 

absorbed and the restriction of iron absorption is regulated by the gene HFE. 

Mutations of the allele C282Y and H63D in the HFE gene are  responsible for the 

excessive iron absorption in patients with hemochromatosis
113

.  

 

2.1.5.2 Hemochromatosis and excessive iron absorption 

As mentioned above, hepcidin regulates iron absorption. In healthy patients, hepcidin 

is inactivated so that iron uptake by enterocytes can enter the blood stream through 

the receptor ferroportin (FPN). As iron uptake increases, hepcidin is released into the 

blood stream, blocking the receptor ferroportin, minimizing iron absorption 
114

 

(Figure 2.3).   

Most types of hemochromatosis are associated with hepcidin deficiency
115

, though 

the exact mechanism has not been clearly proven yet
116

 . It has been suggested that 

the loss of a functional HFE protein in HFE-related hemochromatosis reduces the 

ability to detect iron plasma and therefore not enough hepcidin is produced
117

. Lack 

of hepcidin facilitates iron absorption from the intestine and iron released from 

macrophages and hepatocytes, leading to increased plasma iron
96

.  

The HFE mutation leads to excessive of iron absorption, which is reflected by 

elevated blood iron biomarkers. For instance, a cohort study conducted in Denmark 

followed the progression rate of iron overload in individuals with hemochromatosis 

over 25 years. The study found an increase of ferritin saturation levels from 50% to 

70%  and serum ferritin from 120 µg/L to 500 µg/L, at 25 and 85 years of age, in 

people with C282Y homozygotes compared with other HFE genotypes
118

.  
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Figure 2. 3: Mechanism of intestinal iron absorption at low and high serum iron 

levels
119

 

The permission to reuse the figure is granted by Canadian Veterinary Medical 

Association 
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2.1.5.3 Hemochromatosis and risk of cancer  

Iron overload has been linked to different cancers. As mentioned above, the 

excessive iron absorption releases free radicals that damage DNA and cell structure, 

which is one of the pathways leading to cancer
110

. Also the accumulation of iron in 

organs, particularly the liver but also the heart and endocrine pancreas, can cause 

injury and dysfunction
120

. A number of studies have shown increased risks of liver 

cancer in patient with iron overload especially due to hemochromatosis.  

For example, a study in 2016 
121

 investigating the risk of gastrointestinal cancer in 

hemochromatosis patients found a marked increased risk of liver cancer after 48 

years of follow-up (standardized incidence ratio (SIR) 25.3, 95% CI 20.9, 30.4). 

Some less marked associations were observed between hemochromatosis and other 

cancer types for instance the SIR for oesophageal squamous cell carcinoma was 3.2 

(95% CI, 1.3, 6.6) and for colon adenocarcinoma 1.4 (95% CI 1.1, 1.9).  However, 

there was no association between hemochromatosis and other cancers such as 

oesophageal adenocarcinoma, gastric, small bowel, and rectum
121

. 

A meta-analysis in 2016 
76

 evaluated which allele of HFE gene mutation associated 

with risk of liver cancer and included 43 articles with 5,758 cases and 14,741 

controls. This meta-analysis showed that the HFE C282Y was associated with a 55% 

increase in the risk of liver cancer (OR 1.55, 95% CI 1.12, 2.14), while the HFE 

H63D mutation was not associated with increased risk of liver cancer (OR 1.08, 95% 

CI 0.9, 1.29). 

 

2.1.5.4 Elevated iron level and risk of cancer 

Iron overload, like hemochromatosis, has also been shown to be associated with an 

increased risk of cancer, especially liver cancer. Patients with hemochromatosis have 

extremely high blood and tissue iron level, and their condition is easily detected by 

blood iron test. However, individuals with high iron levels out of normal range, but 

not extremely high are less often detected. 

Few studies have investigated elevated blood iron levels with the risk of cancer. For 

example, a population-based cohort study
77

 found that people who had transferrin 

saturation levels greater than 60% had a marked increased risk of liver cancer (HR 
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5.9, 95%CI 1.8-20) compared with people who had transferrin saturation lower than 

50%. Another study did not show an association between elevated transferrin 

saturation and gastrointestinal cancer risk (HR, 1.4; 95% CI, 0.7-2.8). This study also 

conducted a meta-analysis of prospective studies that included 57,841 individuals 

and showed that elevated transferrin saturation greater than 60% was associated with 

an increased risk of any cancer (OR 1.5, 95% CI 1.2-1.8) compared with the 

reference group
77

. 

In a meta-analysis of observational studies evaluating the association between iron 

and types of cancer, Ana et al. 
122

 included 56 studies and found that elevated iron 

was associated with an increased risk of colorectal cancer (RR 1.08, 95% CI, 1.00, 

1.17) and colon cancer (RR 1.12, 95% CI 1.03, 1.22). No association was observed 

for breast cancer (RR 1.03, 95% CI 0.97, 1.09) and lung cancer (RR 1.12, 95%CI 

0.98, 1.29).  

 

2.1.6 Rationale and Aim 

Evidence from hemochromatosis and laboratory studies suggests that high iron levels 

could be associated with liver cancer risk in humans. However, few epidemiological 

studies have investigated elevated iron levels and liver cancer risk. The results of 

these studies have been inconsistent, with some studies reporting significant 

increased risks of liver cancer for high iron status
123

, whilst others have not
124

. 

Furthermore, there has not been any attempt to systemically review the evidence. 

Therefore, the aim was to determine the association between iron levels and liver 

cancer risk by conducting a systematic review and meta-analysis. 
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2.2 Methods 

2.2.1 Search strategy 

The systematic review and meta-analysis was conducted following the PRISMA 

guidelines
125

. Medline, Embase, and Scopus were searched for studies (cohort and 

case-control) investigating the association between serum biomarkers of iron status 

and liver cancer risk up to January 2019. The Embase search included terms for liver 

cancer (including hepatocellular cancer, biliary tract cancer, hepatoma and 

cholangiocarcinoma) and blood iron (including iron, ferritin, transferrin and total 

iron-binding capacity (TIBC)) and was limited to studies in humans. There were no 

language restrictions. The full Embase search is shown in the appendix at the end of 

this chapter. Similar searches were conducted in Medline and Scopus. Finally, the 

reference lists of included articles were also screened.  

 

2.2.2 Study selection 

The inclusion criteria were: 1) cohort or case-control studies which identified 

hepatobiliary cancer (liver or bile duct cancer); 2) studies could compare 

hepatobiliary cancer to any of these controls: hepatobiliary cancer free, liver 

cirrhosis, hepatitis B or hepatitis C; 3) studies must record one of the following blood 

iron biomarkers: serum ferritin, serum iron, serum transferrin, transferrin saturation, 

or total iron-binding capacity. Studies were excluded if: 1) iron was measured solely 

in tissue or determined from dietary intake; 2) iron was measured in an anemic 

population; 3) studies included less than ten cases of hepatobiliary cancer; 4) studies 

solely assessed survival or recurrence of hepatobiliary cancer; 5) studies solely 

measured iron at time of liver cancer diagnosis (as liver cancer patients may have 

altered iron levels). Two reviewers (KT and CC) independently screened the articles 

identified by the searches. Initially, titles and abstracts were screened to remove 

obviously irrelevant articles. Full texts of the remaining articles were then 

independently evaluated against the inclusion and exclusion criteria. 
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2.2.3 Data extraction and quality assessment 

Two reviewers (KT and CC) independently extracted the following data from the 

included studies: the first author‘s name, year of publication, study design, country, 

source of cohort/controls (including years), source of cases (including 

ascertainment), duration of follow-up, exposure information (including type of iron 

recorded and timing of iron measurement), and confounders adjusted for in analysis 

used in the meta-analysis. The quality of included studies was evaluated using the 

Newcastle Ottawa scale (NOS)
126

. A score was determined out of 9 for each study. 

This process was independently performed by two reviewers (KT and CC).  

 

2.2.4 Statistical analysis 

An estimate (and standard error) of the association between blood iron measures (in 

categories used in the original studies) and hepatobiliary cancer risk was extracted 

from the included studies where possible. By necessity, odds ratios (ORs, 3 

studies)
123,127,128

 and hazard ratios (HRs, 6 studies)
124,129,130,131,77,132

 were combined to 

allow a pooled estimate to be determined, however ORs should approximate HRs as 

liver cancer was relatively rare
133

. Random effects models
134

 were used to pool the 

overall estimate as heterogeneity between studies was anticipated. Statistical 

heterogeneity among studies was evaluated by χ
2
 test and I

2
 statistics

135
. One study

123
 

reported the estimate and p value for the association but not the 95% CI, so the 

standard error based upon the p value was determined. In another study
128

 an OR and 

standard error was determined from the number of cases and controls in the low and 

high iron levels groups. In one study
130

, the HRs presented separately for males and 

females were combined using a fixed effects model before entry into the meta-

analysis. In most studies, the lowest blood iron level category was the reference 

category but two studies used the second lowest category as their reference 

level
127,131

. In one study
129

 a HR was calculated directly from the regression 

coefficients of a cox regression model based upon a hypothetical comparison of 

200ng/ml to 20ng/ml of serum ferritin. Subgroup analysis was further performed to 

check whether associations differed by study characteristics such as study design, 

ethnicity, NOS score or background risk. A sensitivity analysis was conducted using 

an estimate of the association between iron and liver cancer based upon average iron, 
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over the study period, rather than baseline iron as used in the main analysis
123

. 

Funnel plots were produced to investigate the potential for publication bias. 

 

2.3 Results 

2.3.1 Description of selected studies 

A flow chart of the search strategy is shown in Figure 2.4.  The search strategy 

identified 3482 articles from Medline, Embase, and Scopus database. After removing 

duplicates, 2435 articles remained for title and abstract screening, of which 91 

articles were selected for full text assessment. Eighty one articles were excluded for 

reasons outlined in Figure 2.4. Finally, the meta-analysis included ten publications 

however only nine independent studies
123,124,127,128,129,130,131,77,132

 were reported, 

because two studies Aleksandrova et al.
136

 and Jenab et al.
127

 were based upon the 

same cohort and therefore only one
127

 could be included, though study characteristics 

were extracted from both.  
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Figure 2. 4:  Flow diagram for studies selecting progress 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

1207 records identified from Medline 

1612 records identified from Embase 

663 records identified from Scopus 

91 full text articles remained for further 

assessment 

1047 records removed for duplication 

2344 records removed based on title 

and abstract screening 

81 articles excluded: 

78 not cohort or case control studies 

2 studies no blood iron data presented 

1 study had less than ten liver cancer 

cases 

10 articles included in the review 
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Table 2.2 contains characteristics of the included studies.  The included studies 

contained seven cohort studies, and two nested-case control studies capturing 1589 

incident liver cancer cases. Five of the studies were from Asian countries. Four of 

studies were based upon patients with liver diseases. In six studies the main outcome 

was primary hepatocellular carcinoma whilst the rest captured any primary liver 

cancer. In all but two studies, cancer was confirmed by active follow-up or national 

cancer registration data. Among these studies, serum ferritin was explored in six 

studies; serum iron was explored in three; serum transferrin was explored in two; 

transferrin saturation and TIBC for each was explored in one study. Table 2.3 

contains details of the NOS assessment for the included studies. Half of the studies 

had a NOS quality score of 6 or less out of 9. 
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Table 2. 2: Characteristics of included studies investigating the association between serum iron and liver cancer risk 

First author, 

Year 
Design Country 

Cohort    Cases  Exposure 

NOS 

score 
Source Years N* 

 
Cancer 

type 
N* 

Ascertainment 

 

End of 

f-up 

Mean 

f-up 

 

Timing 
Types of 

iron 

Bian, 2018  

 

Cohort USA Liver Disease 

Prevention Center at 

Thomas Jefferson 

University Hospital 

88-08 1,152  HCC 96 Clinical diagnosis, 

imaging techniques, 

blood markers. 

08 Not 

stated 

 Baseline Ferritin 8 

Uchino, 2016  Cohort Japan Chronic hepatitis C 

patients from 

University of Tokyo 

Hosp. 

05-06 487  HCC 72 Active follow-up of 

including 

ultrasonography 

and CT. 

12 Mean 5 

yrs 

 Baseline Ferritin 6 

Aleksandrova

, 2015 & 

Jenab,2013  

Nested 

CC 

Europe EPIC study 92-00 250  HCC 125 Not stated. 06 Mean 8 

(6-9) yrs 

 Baseline Iron, 

Ferritin, 

Transferrin 

8 
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  Table 2.2 (continued): Characteristics of included studies investigating the association between serum iron and liver cancer risk. 

First 

author, 

Year 

Design Country 

Cohort  Cases  Exposure 

NOS 

score 
Source Years N* 

 Cancer 

type 
N* 

Ascertainment 

 

End of 

f-up 

Mean 

f-up 

 

Timing 
Types of 

iron 

Wen, 2014  

 

Cohort  

MJ Health Management 

Institution 

97-08 309,443  Liver 

cancer 

989 National cancer 

registry 

08 Median 

7 yrs 

 Baseline Iron 9 

Gaur, 2012  

 

Cohort Sweden 

 

General population 

laboratory test database 

85-96 

 

220,503  Liver 

cancer 

139 Swedish National 

Cancer Registry 

02 Mean 

11 yrs 

 Baseline Iron, TIBC 9 

Ellervik, 

2011  

Cohort Denmark The Copenhagen City 

Heart Study 

91-94 8039 

 

 Liver/ 

biliary 

tract 

cancer 

47 National cancer 

registry 

07 14  

(13-15) 

years 

 Not 

stated 

Transferrin 

saturation 

8 
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 Table 2.2 (continued): Characteristics of included studies investigating the association between serum iron and liver cancer risk. 

First 

author, 

Year 

Design Country 

Cohort    Cases  Exposure 

NOS 

score 
Source Years N* 

 
Cancer 

type 
N* 

Ascertainment 

 

End of 

f-up 

Mean 

f-up 

 

Timing 
Types of 

iron 

Kato 2007  

 

Cohort Japan Chronic hepatitis C 

from Sapporo Medical 

University Hospital 

94-96 75  HCC 17 Active follow-up 

of including 

ultrasonography 

and CT. 

06 Up to 12 

yrs 

 Baseline Ferritin 6 

Hann, 1989  Cohort Korea Chronic liver diseases 

from Seoul National 

University Hosp. 

67-78 162  HCC 34 Active follow-up 

of including 

ultrasonography 

and CT. 

84 2-17 yrs  First 8 

months 

Ferritin 6 

Stevens, 

1986  

Nested 

CC 

China Male government 

workers 

75-78 128  PHC 70 Not stated 83 3-79 

months 

 Baseline Ferritin, 

Transferrin 

4 

 

Abbreviations: CC, case control; CT, computed tomography scan; f-up, follow-up; HCC, Hepatocellular carcinoma; PHC, Primary hepatocellular carcinoma; NOS: Newcastle 

Ottawa scale.
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Table 2. 3: Newcastle Ottawa Scale assessment for individual studies 

Study Selection  Comparability  Outcome NOS 

score 

 Representa-

tiveness 

Selection of 

non-exposed 

cohort 

Ascertainment of 

exposure 

Outcome of 

interest not 

present at 

baseline 

Confounders 

adjustment* 

Assessment 

of outcome 

Length of 

follow-up 

Adequacy of 

follow-up 

 

Bian, 2018 0 1 1 1 2 1 1 1 8 

Uchino, 2016 0 1 1 1 0 1 1 1 6 

Jenab, 2013  1 1 1 1 1  1 1 1 8 

Wen, 2014 1 1 1 1 2 1 1 1 9 

Gaur, 2013 1 1 1 1 2 1 1 1 9 

Ellervik, 2011 1 1 1 0 2 1 1 1 8 

Kato, 2007 0 1 1 1 0  1 1 1 6 

Hann, 1989 0 1 1 1 0 1 1 1 6 

Stevens, 1986 0 1 1 0 1  0 1 0 4 

*Refers to confounders used in extracted estimate of iron and liver cancer.  
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2.3.2 Overall analysis of serum ferritin and liver cancer 

The forest plot of the association between serum ferritin and liver cancer risk is 

presented in Figure 2.5. The HR of liver cancer in the high serum ferritin category 

was 1.49 compared with the low serum ferritin category (combined HR 1.49, 95% CI 

1.13, 1.96) but there was marked heterogeneity between studies (I
2
= 62%, p =0.02). 

In addition two studies reported the mean serum ferritin prior to diagnosis in a liver 

cancer and control group. Aleksandrova et al.
136

 observed a difference in mean 

(p<0.001) in the liver cancer compared with the control group (mean =323.8 μmol/L, 

standard deviation (sd)=56.0, and mean=156.2 μmol/L, sd=166.8, respectively). 

Stevens et al.
129

 also observed a difference in mean (p<0.05) in the liver cancer 

compared with the control group (mean=121.4 ng/ml, range 8 to 381 and mean=99.5 

ng/ml, range 5 to 342, respectively). 
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1.41 [1.00, 1.99]     Age, sex, HBsAg     

1.55 [0.87, 2.76]     None  

     

Study or Subgroup  Comparison    

Serum ferritin 

 Uchino, 2016                    Highest vs. first quartile 

 Jenab, 2013             Highest vs. second quartile 

 Kato, 2007      >50 vs. <50 ng/ml 

 Hann, 1989            <300 vs >300 ng/ml 

 Stevens, 1986         200 vs 20 ng/ml 
 Pooled HR (95% CI) 

 Heterogeneity: (P = 0.02); I² = 62% 

Serum iron 

 Wen, 2014              ≥140 vs. 60-79 µg/dL 

 Jenab, 2013              Highest vs. second quartile 

 Gaur, 2012      ≥ 22 vs. <14 µmol/L 
 Pooled HR (95% CI) 
 Heterogeneity: (P = 0.007); I² = 80% 

  

Weight 

12.8% 

10.2% 

26.6% 

12.2% 

20.3% 
100.0% 

40.1% 

27.7% 

32.3% 
100.0% 

HR 95% CI 

3.34 [1.67, 6.68]    Age, sex 

1.07 [0.90, 1.28]    None 

1.49 [1.13, 1.96] p=0.004 

2.98 [2.32, 3.83]       Age, sex, BMI, HBV, HCV, CPR, alcohol, smoking*. 

4.22 [2.07, 8.60]    Age, sex. 

1.23 [0.71, 2.13]     Age, sex, CRP, TIBC, economic status 
2.47 [1.31, 4.63] p=0.005 

HR 95% CI  Adjustment 

TIBC 
 Gaur, 2012       ≥67 vs. <42 µmol/L 

 

100.0% 1.23 [0.75, 2.02] p=0.41   Age, sex, CRP, serum iron, economic status          

5.90 [1.80, 19.34] p=0.003    Age, BMI, alcohol, smoking. 

Transferrin saturation 

 Ellervik, 2011       ≥60 vs <50% 100.0% 

0.1 0.2 0.5 1 2 5 10 

Decreased cancer risk with higher iron     Increased cancer risk with higher iron 

*Also included additional confounders: systolic blood pressure, total cholesterol, hemoglobin level, physical activity. 

 Bian, 2018                                  ≥ 200 vs. <200 ng/ml 1.45 [0.96, 2.19] 

 

1.71 [0.94, 3.12] 

Age, sex, alcohol, smoking, family cancer, cirrhosis, AFP. 

None 

17.8% 

Figure 2. 5: Forest plot of iron biomarkers and risk of liver cancer 
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2.3.3 Subgroup analysis for ferritin and liver cancer 

Subgroup and sensitivity analyses are shown in Table 2.4.  The associations were 

similar but slightly more marked in nested case-control studies compared with cohort 

studies (HR 2.05, 95% CI 0.89, 4.75 versus HR 1.28, 95% CI 1.01, 1.62).  The 

associations were also slightly more marked in studies of healthy patients compared 

with patients with liver diseases (HR 2.05, 95% CI 0.89, 4.75 versus HR1.28, 95% 

CI 1.01, 1.62). There did not appear to be any evidence of a difference in the 

association by gender.  In the sensitivity analysis, using serum ferritin at baseline, 

rather than average serum ferritin over the duration, the increase in liver cancer risk 

with ferritin intake was apparent (HR 1.98, 95% CI 1.36, 2.87).  Only one study was 

conducted in Europe and appeared to show a stronger association (HR 3.34, 95% CI 

1.67, 6.68). Finally, the associations were in general less marked in studies of lower 

quality based upon the NOS compared with higher quality studies (HR 1.27, 95% CI 

1.02, 1.59).
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Table 2. 4: Subgroup analysis for the association of serum ferritin and liver cancer 

Subgroup Number of studies Pooled estimate  

HR (95%CI) 

P value Heterogeneity p value (I
2
) 

Main analysis 6 1.49 (1.13, 1.96) 0.004 0.02 (62%) 

Study design     

   Cohort studies 4 1.28 (1.01, 1.62) 0.04 0.21 (34%) 

   Nested case-control studies 2 2.05 (0.89, 4.75) 0.09 0.03 (79%) 
 

    Source of population     

   Liver diseases population 4 1.28 (1.01, 1.62) 0.04 0.21 (34%) 

   Healthy population 2 2.05 (0.89, 4.75) 0.09 0.03 (79%) 
 

    Sex     

   Male 3 1.43 (1.11, 1.85) 0.006 0.99 (0%) 

   Female 2 1.53 (0.73, 3.19) 0.26 0.75 (0%) 
     

Time point of iron assessment     

   Baseline assessment   5 1.98 (1.36, 2.87) 0.003 0.12 (46%) 

     

Ethnicity     

   European  1 3.34 (1.67, 6.68) <0.001 Not applicable 

   Asian  5 1.28 (1.06, 1.55) 0.009 0.25 (26%) 
     

NOS assessment     

  ≥ 8 (higher quality) 2 2.10 (0.93, 4.72) 0.07 0.04 (76%) 

 < 8 (lower quality) 4 1.27 (1.02, 1.59) 0.03 0.20 (35%) 
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2.3.4 Other measures of iron biomarkers 

Three studies investigated serum iron and risk of liver cancer, see Figure 2.5. The 

pooled HR of liver cancer in the high serum iron category was 2.47 compared with 

the low serum iron category (95% CI 1.31, 4.63). There was a high and significant 

heterogeneity among studies (I
2
= 80%, p<0.05) (Figure 2.5). Aleksandrova et al.

136
 

reported a significant difference in mean serum iron (p<0.0001) prior to diagnosis in 

the liver cancer group compared with the control group (mean=21.5 μmol/L, sd= 8.9, 

and mean=18.4 μmol/L, sd=5.8, respectively). Wen et al.
131

 reported similar 

associations between high versus low serum iron and liver cancer risk in women 

(HR=3.39, 95% CI 2.22, 5.18) and men (HR=3.24, 95% CI 2.31, 4.53). 

 

One study (Gaur et al.)
124

 investigated TIBC, in which the HR was 1.23 (95% CI 

0.75-2.01) in the liver cancer group compared with the control group. Another study 

(Ellervik et al.)
77

 investigated transferrin saturation and observed a HR of 5.9 (95% 

CI 1.8, 20) in the liver cancer group compared with the control group. Ellervik et 

al.
77

 also reported associations by sex, observing a HR for high versus low transferrin 

saturation of 9.6 in women (95% CI 1.3, 73) and 4.4 in men (95% CI 1.1, 20). 

 

Two studies reported the mean serum transferrin prior to diagnosis in the liver cancer 

group and the control group. Stevens et al.
129

 observed no difference in mean 

(p>0.05) in the liver cancer compared with the control group (mean=286.2 mg/dL, 

range 129 to 579, and mean=268.9 mg/dL, range 74 to 579, respectively). 

Aleksandrova et al.
136

 reported no difference in mean (p=0.74) in the liver cancer and 

the control group (mean=242 mg/dL, sd=42 and mean=240, sd=30, respectively). 
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2.3.5 Publication bias 

Figure 2.6 contains a funnel plot of the six studies included in the analysis of ferritin 

levels and liver cancer risk.  A visual inspection of the funnel plot revealed some 

asymmetry, which could reflect publication bias. 

 

Figure 2. 6: Funnel plot of serum ferritin and liver cancer  
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2.4 Discussion 

2.4.1 Main results 

The current systematic review and meta-analysis demonstrated some evidence of an 

increased risk of primary liver cancer with high iron levels as measured by serum 

ferritin or serum iron, based upon cohort studies and nested case-control studies.  

 

The current review findings provide insight into potential etiology, however the 

cause of the increased risk of liver cancer with high circulating iron levels is 

unknown. It is accepted that accumulation of iron within tissue is carcinogenic, and 

high levels have been noted in hepatocellular carcinoma
137

. The most commonly 

cited mechanism by which excess iron may promote carcinogenesis is through DNA 

damage from the production of reactive oxygen species, particularly hydroxyl 

radical
110

. Excessive oxidative stress is also fundamental to alcohol-related 

hepatocarcinogenesis
138

. Iron overload is a proposed mechanism by which alcohol-

related liver cancer may develop
138

, and so alcohol intake is an important confounder 

to consider in the interpretation of the current review results. Cirrhosis can be a 

consequence of both iron overload and excessive alcohol consumption, and in itself 

promotes carcinogenesis by fibrogenesis, cell damage, and mutagenesis
139

. Only 

three studies
131,77,132

 in this review adjusted for alcohol intake in the association 

between iron status and liver cancer risk, however it is notable that two of them
131,77

 

continued to see significant direct associations. This suggests that additional 

mechanisms independent of alcohol could explain any potential association between 

iron status and liver cancer risk. Recent evidence indicates a role for the tumor 

suppressor gene, p53, in iron homeostasis (including serum iron levels) to influence 

liver cancer risk
140

. p53 mutation was also significantly associated with reduced 

expression of ISCU (iron-sulfur cluster assembly enzyme), which in turn was highly 

prevalent in tissue microarrays from several hundred human hepatocellular 

carcinoma samples evaluated as part of The Cancer Genome Atlas
140

, pointing to a 

new p53-ICSU pathway in the development of this tumor.  
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Clarifying the association between iron and liver cancer risk is of importance 

because, if high levels of iron were shown to increase liver cancer risk, it would be 

possible to intervene to reduce iron levels and therefore decrease cancer risk. The 

most common cause of iron overload is hereditary hemochromatosis. Other causes 

include iron-loading anemia such as thalassemia, blood transfusions, chronic hepatic 

disorders such as alcoholic liver disease and chronic viral hepatitis
141

, and excessive 

iron replacement through both the enteral or parenteral route
142

. Intervention is 

generally in the form of phlebotomy in hemochromatosis patients
143

, although 

chelating agents are an option in the management of iron-loading anemia
141

. 

Furthermore, iron supplementation for anemia is common, but should high levels of 

iron be shown to increase liver cancer risk, this would underline the importance of 

assessing iron status prior to replacement therapy, adhering to guidelines
144

 and 

stopping iron supplementation once anemia is resolved.   

 

2.4.2 Strengths 

A strength of this current study is that this is the first systematic review and meta-

analysis of the association between serum iron and liver cancer risk. Secondly, the 

study included some large cohort and nested case-control studies, with long follow-

up ranging from 5 to 17 years. Thirdly, as studies which recorded iron at the time of 

liver cancer diagnosis were excluded the risk of reverse causation, caused by changes 

in iron levels following liver cancer diagnosis, will be reduced. 

 

2.4.3 Limitations 

The systematic review has a number of weaknesses. All the included studies were 

observational and therefore the causal relationship between high iron levels and risk 

of liver cancer cannot be confirmed. There were relatively small numbers of studies 

and therefore even in pooled analyses the estimate of the associations had relatively 

wide confidence intervals. The reporting of the studies made it difficult to extract 

estimates which were consistently adjusted for confounding factors. Furthermore, the 

quality score of many of the included studies was low mainly because the original 

studies did not adjust for a number of potential confounders including infection, 
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chronic kidney disease, or alcoholism
100

 but also because some studies had limited 

generalizability for instance because they were restricted to specific hospitals rather 

than being population-based. A further weakness is that data on cholangiocarcinoma 

was limited. For instance, all six studies included in the analysis of serum ferritin 

were based upon hepatocellular carcinoma. Finally, the funnel plot of the association 

between serum ferritin and liver cancer risk was asymmetrical which could reflect 

publication bias and therefore the association between serum ferritin and liver cancer 

risk could have been over-estimated.  However, this funnel plot is difficult to 

interpret because there were fewer than 10 studies, recommendations suggest greater 

numbers are required
145

, and there are other reasons for funnel plot asymmetry
146

 

besides publication bias. 

 

2.4.4 Future research recommendations 

Further prospective studies, which are population-based, with long term follow-up 

and collecting information on a wide range of confounders are required to further 

investigate the association between iron and liver cancer risk. 

 

2.4.5 Conclusion 

In conclusion, the current review demonstrated some evidence that high iron levels 

are associated with primary liver cancer risk.  Further high quality studies are 

required to confirm this association. 
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The appendix for chapter 2 
 

The full search strategy in Embase is shown here. Similar searches were conducted 

in Medline and Scopus. 

Embase 

1. exp liver cancer/  

2. exp liver tumor/  

3. exp liver cell carcinoma/  

4. exp bile duct cancer/  

5. exp bile duct tumor/  

6. exp bile duct carcinoma/  

7. exp biliary tract cancer/  

8. exp biliary tract tumor/  

9. exp gallbladder cancer/  

10. exp gallbladder tumor/  

11. exp gallbladder carcinoma/  

12. exp hepatobiliary system cancer/  

13. exp hepatobiliary system carcinoma/  

14. exp hepatobiliary system tumor/  

15. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14  

16. ((liver or hepatocellular or "bile duct" or "biliary tract" or "gall bladder" or 

hepatobiliary) adj5 (cancer or carcinoma or tumo?r or neoplasm*)).mp. [mp=title, 

abstract, heading word, drug trade name, original title, device manufacturer, drug 

manufacturer, device trade name, keyword, floating subheading word, candidate term 

word] 

17. hepatoma.mp. [mp=title, abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word]  
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18. cholangiocarcinoma.mp. [mp=title, abstract, heading word, drug trade name, 

original title, device manufacturer, drug manufacturer, device trade name, keyword, 

floating subheading word, candidate term word]  

19. 15 or 16 or 17 or 18  

20. exp iron/  

21. exp iron blood level/  

22. exp iron binding capacity/  

23. exp ferritin/  

24. exp ferritin blood level/  

25. exp transferrin/  

26. exp transferrin blood level/  

27. exp heme/  

28. 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27  

29. ((iron or ferritin* or transferrin or TIBC) adj5 (serum or plasma or blood)).mp. 

[mp=title, abstract, heading word, drug trade name, original title, device 

manufacturer, drug manufacturer, device trade name, keyword, floating subheading 

word, candidate term word]  

30. 28 or 29  

31. 19 and 30  

32. limit 31 to human  

33. review.mp. [mp=title, abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word]  

34. 32 not 33  

35. limit 34 to updaterange="oemez(20170610-20190122]" 
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Chapter 3
 

Proton pump inhibitor and histamine-2 

receptor antagonist use and risk of liver cancer 

in two population-based studies 
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3.1 Introduction 

3.1.1 Background 

Gastric acid secretion is one of the steps for food digestion. The secretion of acid is 

regulated by three main factors including neural (acetylcholine), hormone (gastrin), 

and paracrine (histamine)
147

. Of these factors, gastrin is the major stimulus of gastric 

acid secretion. It triggers the enterochromaffin-like cells to release histamine. 

Histamine in turns triggers the proton pump (H+, K+-ATPase) on parietal cells to 

release ion H
+ 

in exchange for ion K
+
 which combines with ion Cl

-
 to form acid HCL 

in the stomach. When the pH inside the stomach becomes more acidic, somatostatin 

will be released and suppress the activity of gastrin, therefore inhibiting gastric acid 

secretion. However, in some circumstances, the process of acid secretion is not 

controlled properly, leading to the gastric acid hypersecretion. In these 

circumstances, proton pump inhibitors (PPIs) and H2-receptor antagonists (H2RAs) 

are the primary treatment to suppress the acid secretion
147

. 

 

3.1.2 Indications of PPIs and H2RAs and their popularity 

Proton pump inhibitors (PPIs) are commonly prescribed medications in acid related 

diseases including gastro-oesophageal reflux disease (GORD), dyspepsia, peptic 

ulcer disease, NSAID-associated ulcers, and eradication of Helicobacter pylori in 

combination with other antibacterials
147

. PPIs inhibit acid secretion by blocking the 

proton pump (H+, K+-ATPase).  

Because of their safety and effectiveness in treating diverse gastric diseases, PPIs 

have become widely used since they were released into the market. In Scotland, 

omeprazole was in the list of top 10 products by gross ingredient cost dispensed in 

NHS Scotland in 2014/15
148

. Similarly, a review of the use of medicines of the US 

showed that omeprazole has been one of the most frequent dispensed medications, 

with gradual increase of prescriptions from 53.5 million in 2010
149

 to 76 million in 

2016
150

.   

Histamine-2 receptor antagonists (H2RAs) reduce gastric acid release by blocking 

Histamine H2 receptors. It has similar effects to PPIs in healing gastric and duodenal 
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ulcers, relieving GORD symptoms, treating functional dyspepsia, and healing 

NSAID-associated ulcers
151

.  

H2RAs were widely used when it was first introduced to the market in the 1980‘s
152

. 

In the period 1991 to 1993 a study reported that spending on H2RAs in England was 

about £180 million, and exceeded the spending on PPIs which rose from £20 million 

to £94 million in that period
153

. However, since then the prescribing of H2RAs has 

decreased compared with PPIs. For instance, prescribing of H2RAs in primary care 

in UK reduced by 12.5% from 1991 to 1996, whilst over this period prescribing of 

PPIs increased by 175%
154

. According to the most recent prescription cost analysis in 

England, the net ingredient cost dispensed for H2RAs in 2018 was £9.3 million 

meanwhile the cost dispensed for PPIs was £87 million
155

.  

PPIs have been shown to surpass H2RAs in treatment of acid related diseases based 

on its superior of acid suppressant. The superior acid suppression of PPIs is 

explained by blocking totally the proton pump, the final factor of the process of acid 

secretion
147

. Meanwhile, H2RAs only inhibit the release of histamine, which can 

reduce the activity of the proton pump but it can still be activated by gastrin and 

acetylcholine
147

.  

In treatment of acid-related diseases, H2RAs has also been shown to be less effective 

than PPIs. In patients with GORD, a meta-analysis of randomized controlled trials 

investigated the effectiveness of PPIs versus H2RAs in short term treatment of 4 to 8 

weeks
156

. This meta-analysis concluded that PPI users, compared with H2RA users, 

had improved healing and reduced symptoms
156

. Similarly, a recent meta-analysis of 

randomized controlled trials of effectiveness of acid suppressing drugs also showed 

that PPIs had a more favorable outcome than H2RAs in treating peptic ulcer 

disease
157

. Specifically, in prevention trials PPI use was more effective than H2RA 

use in reducing endoscopic ulcers and symptomatic ulcers. PPIs also were observed 

to have a larger proportional reduction in upper gastrointestinal bleeding than 

H2RAs. However, there was no difference of gastrointestinal perforation, 

obstruction, and all-cause mortality between PPIs and H2RAs. In healing trials, PPIs 

exhibited a larger effect on endoscopic ulcer healing than H2RAs. Finally, in the 

trials of treatment for acute upper gastrointestinal bleeding, PPIs showed a better 
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preventative effect than H2RAs in prevention of further bleeding and the need for 

blood transfusion
157

.  

 

3.1.3 PPIs use and H2RA use without a clear indication 

The National Institute for Health and Clinical Excellence (NICE) first published its 

guidelines for PPIs in 2000 and the last updated version was in 2014
158

. Generally, 

use of PPIs is limited to 4 to 8 weeks of use for most indications like GORD and 

erosive oesophagitis, while long term use of 6 to 12 months is restricted to specific 

conditions. However, the compliance of PPI use with guidelines usually is limited 

and many studies have shown that a high percentage of PPIs are prescribed without a 

proper indication. For instance, it was reported that the rate of PPIs prescribed not in 

accordance with the approved indication was 63% in Australia
159

, 70% in Ireland
160

,  

76% in USA
161

, and 86% in UK
162

. The most common reason for the inappropriate 

indication was GI prophylaxis
161,163

. 

The overutilization of PPIs is apparent in both primary care and secondary care. For 

instance, a study based on the UK‘s Clinical Practice Research Database assessed the 

prevalence and pattern of PPIs prescription from 1990 to 2014
164

. The data from the 

general practice setting found that the prevalence of PPIs use was 0.2% in 1990 was 

and 15.0% in 2014. After five years of follow-up, 26.7% were prescribed PPIs for 

more than one year, and 3.9% remained using PPIs for five years. Similarly, another 

study in Ireland conducted in medical inpatients showed that up to 45% of PPI users 

did not have a valid indication, and that 80% were prescribed PPIs before hospital 

either commenced by their GP or during a previous hospital visit
165

.  

There is less information on the use of H2RAs without clear indication. A study from 

US explored the overuse of H2RAs in nursing homes and found 41% of 711 patients 

at the facility received H2RAs not compliant with guidelines like gastrointestinal 

bleeding of unknown etiology
166

.  
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3.1.4 Physiology of acid secretion
167,168

  

Under normal conditions, parietal cells located in the stomach are responsible in acid 

secretion into the lumen through H+/K+ ATPase. This proton pump transports H+ 

ion in exchange for K+ ion and combines with Cl- ion to form HCL in the stomach. 

The activation of the proton pump is regulated by three stimulators acetylcholine, 

gastrin, and histamine (H2 receptor), as featured in Figure 3.1. The acid secreting 

process is triggered by three phases including cephalic, gastric, and intestinal phase 

167
. In the cephalic phase, which accounts for twenty percent of gastric secretion, 

when people smell, taste, think of food the signals will be sent to the cerebral cortex. 

The signal from the brain will be transmitted through the vagus nerve to the stomach 

at which acetylcholine acts as a mediator. Acetylcholine has its receptor at the 

stomach as muscarinic cholinergic M3 at which it activates the proton pump H+/K+ 

ATPase. Alternatively, the vagus nerve also stimulates G cell to secrete gastrin at the 

antrum. Gastrin can regulate acid secretion in two ways. First, gastrin directly exerts 

on parietal cells to activate the proton pump. Or second, gastrin triggers the 

enterochromaffin-like (ECL cells) to release histamine. Histamine in its turn operates 

the proton pump.  

The second phase is the gastric phase contributing about seventy percent of acid 

secretion. The three elements acetylcholine, gastrin and histamine work the same 

way as they do in the cephalic phase. However, in this gastric phase, the activation of 

those three elements is triggered by the real existence of food in alimentary tract. For 

instance, when food is swallowed, the physical existence of food distends the wall of 

the stomach, stimulating vagus nerve. Also, the breakdown of peptides and amino 

acids from food induce gastrin release from G cells. The vagus nerve and G cells 

navigate the proton pump by secreting acetylcholine and gastrin as featured in Figure 

3.1. 

The third phase is initiated when chyme enters the duodenum. This phase contributes 

around ten percent of gastric secretion. At first, it also activates the gastric secretion 

for a short time but then quickly inhibits the release of acid. In response to the fat 

coming from chyme and acidic partly digested food, duodenum sends inhibitory 

signals to the brain to stop the process of gastric acid secretion by the way of enteric 
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nervous system. The chyme also stimulates duodenum exhibiting hormones such as 

serotonin, somatostatin, cholecystokinin in regulating acid cessation.  

 

Figure 3. 1: Acid secreting process
169

 

 

3.1.5 Mechanism of action of PPIs and H2RAs
170,171

 

As presented above, the proton pump is initiated by stimulation from acetylcholine, 

histamine, and gastrin (Figure 3.2). These three elements will regulate an adequate 

amount of gastric acid for digestion. However, in patients who have acid related 

diseases, for example GORD, the amount of acid is released excessively. This 

redundant acid causes patients uncomfortable symptoms like pain, heartburn, and 

regurgitation. In those situations, PPIs are given in an effort to suppress acid 

secretion in the stomach.  It works through the mechanism in which PPIs bind to the 

proton pump and block it, thus the proton pump (H+/K+ ATPase) is inactivated
170

 

(Figure 3.2). Since no H+ ion and K+ ion are exchanged, the formation of acid HCL 

molecule is dramatically reduced. The proton pump acts as the final pathway of the 

acid secreting process, and the action of PPIs almost blocks completely acid 

secretion
171

. H2RAs, instead, only competes with histamine by binding to histamine 

H2 receptor
171

. Subsequently, the acid secreting process is reduced since the proton 

pump no longer receives stimulation of histamine. However, in this case the proton 
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pump can still be triggered by acetylcholine and gastrin, therefore it can release acid 

into gastric lumen.  

 

 

Figure 3. 2: Mechanism of action of proton pump inhibitors
172
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3.1.6  PPIs and H2RAs in association with liver diseases and their mechanism 

Epidemiological studies 

PPIs 

PPIs have been shown to increase the risk of spontaneous bacterial peritonitis (SBP) 

in cirrhotic patients. The most recent meta-analysis found that PPIs users in cirrhotic 

patients  had double the risk of SPB compared to non-users (OR 2.11, 95% CI 1.46, 

3.06)
173

. However, restriction to cohort studies showed less marked increased risk 

(OR 1.18, 95% CI 0.99, 1.14)
173

. A more recent cohort study showed in patients with 

cirrhosis the risk for SPB in current PPI users to non-users was 1.72 (95% CI 1.10, 

2.69) after a year of follow up
174

.  

Furthermore, PPIs has been studied to aggravate the severity of liver cirrhosis and to 

be independently associated with mortality in cirrhotic patients. Specifically, PPI 

treatment was associated with ascites (p=0.039) and model of end stage liver disease 

(MELD) score (p=0.027) reflecting a more advanced cirrhosis
175

. PPI treatment was 

also associated with higher mortality rate in cirrhotic patients (HR 2.36, 95% CI 

1.26, 4.43). One reason for the detrimental impact  of PPIs on liver cirrhosis given by 

the authors of this study was that the acid suppressive effect of PPIs  enhanced the 

survival and colonization of harmful bacteria, which  was reflected by the significant 

colonization of multiple drug resistance bacteria (p=0.014) and risk of infectious 

complication (p=0.05)
175

.  

PPIs have also been studied to accelerate the risk of cirrhosis in non-cirrhotic patients 

with chronic hepatitis C infection
83

. After ten years of follow up, the cumulative 

probability of cirrhosis in PPI users was observed to be significantly higher than non-

users (p<0.001)
83

. The risk of cirrhosis followed a dose response (p=0.003) with the 

highest dose of PPIs associated with the highest risk of cirrhosis (cDDD>900; HR 

1.32, 95% CI 1.17, 1.49), compared to non-users. By stratifying the sustained 

virology response status, PPIs was both significantly associated with development of 

cirrhosis in sustained virology response group (p= 0.03) and non-sustained virology 

group (p= 0.003).  

Besides cirrhosis, PPIs were shown to be associated  with an increased risk of hepatic 

decompensation
83

. Compared to non-users, the risk of hepatic decompensation in PPI 
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use in the highest dose (cDDD>900) was of HR 3.79 (95% CI 2.58, 5.57) and the 

risk followed a dose response (p for trend 0.002).  

The main proposed mechanism for the increased risk of liver complications in PPIs 

users was suggested to that acid suppression of PPIs lead to a decrease in beneficial 

bacteria and an increase in pathogenic bacteria in gut. Specifically, a decrease of 

healthy bacteria like Lachnospiraceae and an increase in deleterious bacteria in  such 

as Streptococcaceae and Enterobacteriaceae were observed in PPI users
83

. The 

imbalance of gut microbiota and subsequently the over production of bacterial 

endotoxin by harmful bacteria to portal circulation were explained for the 

inflammatory reaction in the liver. In details, endotoxin stimulates profibrogenic and 

carcinogenic Toll-like receptor 4 (TLCR4) pathway
176

. TLCR4 activates Kupffer 

cells and hepatic stellate cells and the production of pro-inflammatory cytokines, 

which accelerate hepatic fibrogenesis and hepatocellular carcinogenesis
176

.  

 

H2RAs 

There have been few studies investigating the association between H2RAs and liver 

diseases. One epidemiological study found H2RAs users, compared with non-users, 

had a lower prevalence of non-alcoholic fatty liver disease (NAFLD) in a population-

based study (OR 0.43, 95% CI 0.18, 0.99)
177

. A prospective cohort study on non-

cirrhotic hepatitis C infected patients found no association between H2RA use and 

risk of cirrhosis development: the risk of cirrhosis in patients using over 900 DDDs 

compared with  non-users was  HR 1.07, 95% CI 0.73, 1.58)
83

.  

 

Pre-clinical studies 

PPIs 

Absence of gastric acid secretion has been shown to induce liver diseases in animal 

studies. A study in a mouse model investigated the effect of lacking of acid secretion 

on the progression of liver diseases by comparing between wild type Atp4a mouse 

models and Atp4a
Sl/Sl

 mouse models which have a mutation at the gene Atp4a 

responsible for encoding the gastric H+, K+-ATPase α subunit and therefore develop 
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achlorhydria
178

. Both groups of mice were fed a control diet and ethanol diet for 9 

weeks. The result showed that, compared to the wild type Atp4a fed with ethanol 

diet, the Atp4a
Sl/Sl

 mice fed with an ethanol diet showed a more severe liver injury 

with a significantly increased ALT, hepatic triglyceride, levels of macrophage 

marker F4/80 indicating inflammatory Kupffer cells, higher levels of hepatic cleaved 

IL1B, and increased staining for smooth muscle α-actin
178

. These biomarkers 

indicated the accumulation of fat, inflammation, and fibrosis which referred to 

steatohepatitis of the liver. The figure 3.3 below shows how gastric acid suppression 

induces steatohepatitis.  

 

 

―Gastric acid suppression and alcoholic liver disease. Gastric acid suppression 

increases intestinal Enterococcus, which translocates to the liver via the portal vein. 

Enterococcus binds to the pathogen recognition receptor TLR2 on hepatic Kupffer 

cells, leading to secretion of IL1B. IL1B contributes to ethanol-induced liver 

inflammation and hepatocyte damage.‖
178

 

Figure 3. 3: Pathways of gastric acid suppression on steatohepatitis
178

 

Permission to reuse the figure is not required by Springer Nature 
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Lack of acid secretion has also been shown to progress intestinal bacterial 

overgrowth and dysbiosis. Specifically, Atp4a
Sl/Sl

 mice were shown to have a 

significantly higher proportion of Enterococcus spp. in feces compared to wild type 

Atp4a
178

. Furthermore, Enterococcus were also found in mesenteric lymph nodes and 

liver tissues, indicating a translocation of bacteria from intestinal lumen to the 

liver
178

.  

 

H2RAs 

A pre-clinical study
179

 found that H2RAs reduced the biliary proliferation of primary 

sclerosing cholangitis cells and H2RAs reduced proliferation, angiogenesis, and 

tumour cell migration of cholangiocarcinoma cells on human model. A similar result 

was observed in a mouse cholangiocarcioma model, mice treated with H2RAs had 

reduced tumour growth compared to control mice treated with saline
179

. 

The authors suggested the underlying mechanism for the potential protective effect 

of H2RAs was inflammatory suppression. Histamine has been known to be an 

important mediator in allergic and inflammatory reaction, and the binding of 

histamine to its receptors lead to the activation of an immune cascade
180

. Histamine 

receptor antagonists compete with histamine in binding to its receptor, therefore 

inhibiting inflammatory responses
180

. For instance, previous studies have shown that 

histamine receptor antagonists exert their anti-inflammatory effect via inhibition of  

NFκB, p38 MAP, and JNK
181,182

.  

 

3.1.7 PPIs and H2RAs and liver cancer risk 

Epidemiological studies  

Few studies have investigated PPIs or H2RAs and liver cancer risk and their finding 

are inconsistent. One previous observational study examined the association between 

PPI and H2RA use and the risk of primary liver cancer in humans
183

. That case-

control study, which only investigated hepatocellular carcinoma (HCC), and not 

intrahepatic bile duct carcinoma (IBDC), observed a marked increase in risk of HCC 

with H2RA use (OR 1.46, 95% CI 1.30, 1.64) but not PPI use (OR 0.94, 95% CI 
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0.78, 1.13)
183

.  Another cohort study followed non-cirrhotic US patients with chronic 

hepatitis C infection for up to 94 months and found that PPIs users had an increased 

risk of HCC compared to non-users (HR 2.01, 95% CI 1.5, 2.7)
83

. However, H2RAs 

were not  found to be associated with risk of HCC (HR 0.98, 95% CI 0.36, 2.62)
83

.  

A nested case control study in Taiwan in patients without hepatitis infection found an 

increased risk of HCC (OR 2.86, 95% CI 2.69, 3.04) in PPI users, compared with 

non-users, which followed a clear dose response relationship
184

.  

Finally, a study in Taiwan followed a cohort of chronic hepatis B and C patients and 

found that use of PPIs was not associated with risk of HCC (HBV cohort, HR 1.25, 

95% CI 0.90, 1.73 and HCV cohort, HR 1.19, 95% CI 0.88,1.61)
185

.  

 

Pre-clinical studies 

The evidence of the association between PPIs and H2RAs and liver cancer in animal 

studies are scarce. One study found that mice after being injected of DEN and treated 

with omeprazole promoted liver tumours
186

. Another study in cells and mice models  

found that H2RA treatment of cholangiocarcinoma cells reduced tumour 

proliferation and angiogenesis compared with the control groups
179

.  

Although there are limited evidence of the direct link between PPIs/H2RAs on liver 

cancer in experimental studies, however, some indirect links have been suggested. 

Various mechanisms have been proposed suggesting that gastric acid suppression of 

PPIs could increase liver cancer risk.  For instance, PPIs have been suggested to be 

associated with the overgrowth of harmful bacteria in the gut
187,188

. These pathogenic 

bacteria greatly transform primary bile acid in the intestine to secondary bile acid
189

, 

which have been shown to cause toxic, inflammatory and DNA damaging effects on 

hepatobiliary cells, causing HCC
190

 and cholangiocarcinoma
191

. Also, PPI use in long 

term is associated with hypergastrinemia
192

 which is known to have carcinogenic 

effects, particularly on liver cells
193

. H2RAs, in contrast, have been studied to have a 

less marked effect on the overgrowth of gut bacteria
188

 and hypergastrinemia
192

.  
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3.1.8 PPIs and H2RAs in association with other digestive cancer and their 

mechanism 

As listed above, there are limited evidence of epidemiological studies on the 

relationship between PPIs/H2RAs and liver cancer risk. However, there are number 

of studies conducting their association with other digestive cancer. In general, 

literature has found some evidence of the deleterious association of PPIs and the risk 

of gastric cancer, oesophageal adenocarcinoma, and pancreatic cancer, though the 

results are inconsistent among studies. These epidemiological evidence described 

below strengthened the concern that PPIs might have carcinogenic effect on digestive 

cancer.  

 

Epidemiological studies  

Gastric cancer 

In a recent meta-analysis of 7 studies PPIs were found to be associated with an 

increased risk of gastric cancer (OR 2.10, 95% CI 1.10, 3.09)
80

.  

H2RAs, in contrast, was not associated with an increased risk of gastric cancer. A 

prospective cohort study from Hong Kong followed 63,397 subjects over 8 years and 

found that H2RA users were not associated with risk of gastric cancer, compared to 

non-users (HR 0.72, 95% CI 0.48, 1.07)
194

. Similarly, another cohort study from 

Sweden followed 20,210 H2RA users over 5 years and found that H2RA use was 

inversely associated with risk of gastric cancer compared to the general Swedish 

population (SIR 0.57, 95% CI 0.29, 0.99)
195

.  

Oesophageal cancer 

A 2017 meta-analysis of 9 studies
196

 conducted on patients with Barrett‘s oesophagus 

revealed no association existed between PPIs and risk of oesophagus cancer and also 

that patients treated with PPIs for longer had a similar risk to patients with shorter 

treatment (OR 0.9, 95% CI 0.25–3.31 vs. OR 0.91, 95% CI 0.40–2.07)
196

. 

Furthermore, the ASPECT trial, a randomized factorial trial of aspirin and 

esomeprazole in patients with Barrett‘s oesophagus, showed there was a delayed 

time to all-cause mortality, oesophageal adenocarcinoma, or high grade dysplasia 
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when comparing high dose to low dose esomeprazole (time ratio 1.14, 95% CI 1.14, 

2.23)
197

.  

However, a recent cohort study from Sweden followed 796,425 PPIs users found that 

the risk of oesophageal cancer increased with longer duration of PPI use
81

. 

Specifically, compared to the general population oesophageal cancer risk, PPI users 

in this cohort had a marked increased risk of oesophageal adenocarcinoma with 

standardized incidence ratios (SIRs) of 1.81 (95% CI 1.51–2.16) after 1 to 3 years of 

PPI use, and 2.02 (95% CI 1.66–2.44) after 3 to 5 years of PPI use. However, this 

study did not account for important covariates such as smoking, alcohol use, obesity 

and comorbidities. 

Evidence of H2RA and oesophageal cancer also showed inconsistent results. A 

nested case-control study in Barrett‘s oesophagus population in 2018 including 300 

cases of oesophageal adenocarcinoma and 800 controls found H2RA users had lower 

risk of cancer (OR 0.70, 95% CI 0.50, 0.99)
198

. Another prospective cohort study of  

540 patients with Barrett‘s oesophagus found no association between H2RA use and 

risk of oesophageal adenocarcinoma (HR 0.83, 95% CI 0.11, 6.03)
199

. 

Colorectal cancer 

A 2012 meta-analysis of 5 case-control studies
200

 found no significant risk of 

colorectal cancer in PPIs users compared to non-users with OR 1.08, 95% CI 0.96 to 

1.20. In further analysis, PPI use for over 5 years compared with no use showed no 

association with colorectal risk (OR 1.07, 95% CI 0.87-1.32).  

The evidence of H2RAs and risk of colorectal cancer is scarce. One study
201

 did not 

show an association between H2RA use and risk of recurrent colorectal adenoma at 3 

years in a cohort of colonoscopy patients who had colorectal adenomas removed at 

the start of the study (RR 0.90, 95% CI 0.77–1.06)
201

. 

Pancreatic cancer 

The observed association between PPIs and pancreatic cancer in observational 

studies have been inconsistent. For instance, a nested case control study
82

 observed, 

compared with never user, use of PPIs greater than 24 months, 12-24 months, and 

less than 12 months were all associated with pancreatic cancer risk OR 1.85 (95%CIs 
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1.67–2.06), 2.47 (95%CIs 2.09–2.92), and 10.42 (95%CIs 9.26–11.73), respectively. 

The stronger effect of PPIs usage in short term was explained due to the reverse 

causality
82

. However, another recent nested case control
202

 confirmed ever use of 

PPIs was not associated with risk of pancreatic cancer (OR 1.04, 95% CI 0.97, 1.11) 

and no dose response relationship was observed. 

Two previous nested-case control study in UK and Denmark found no association 

between H2RA use and risk of pancreatic cancer
203,202

.  

 

Pre-clinical studies 

Most pre-clinical studies have been focusing more on PPIs effects than H2RAs and 

most of them suggested that PPIs has carcinogenic effects on gastrointestinal cancer. 

Generally, all PPIs carcinogenic effects are related to high levels of gastrin. For 

instance, the acid suppressing effect of PPIs leads to the hyper activation of G cells 

releasing excessive gastrin in blood which is termed hypergastrinemia
204

. Gastrin in 

turns triggers over production of histamine of Enterochromaffin-like cells (ECL), 

causing ECL cells hyperplasia, micro-carcinoid, and gastric neuroendocrine 

tumors
204

. Laboratory studies have also showed increased growth and proliferation of 

colorectal cells with high gastrin levels
205

. Furthermore, blocking gastrin receptors 

decreased the progress of colon cancer in both in vitro and in vivo models
206,207

. 

Finally, gastrin also plays a vital role in pancreatic cancer. Studies have shown 

gastrin receptors CCK-B expressed in pancreatic cancer cell lines
208

. Gastrin 

promotes the growth of human pancreatic cancer cells in culture and in tumors 

transplanted to mice
209

. This stimulatory effect is blocked by CCK-B/gastrin receptor 

antagonist
209

, such as gastrazole, which was shown to prolong survival rate in 

advanced pancreatic cancer patients in two randomized controlled trials
210

.  

 

3.1.9 Rationale 

As shown above PPIs are widely used and potentially over prescribed. Many studies 

have investigated the effect of PPIs and H2RAs on the stomach
211,212

 and particularly 

on gastric cancer risk
194,195

.   
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Recently additional concerns have been raised about the effects of PPIs and H2RAs 

have upon the liver, still few studies investigated the association between PPIs or 

H2RAs use with liver cancer. There were four studies investigating this association, 

however, showing conflicting results
83,183,184,185

. Nevertheless, findings from pre-

clinical studies suggested a potential carcinogenic effect of PPIs on liver cancer. 

Therefore the association between use of PPIs and H2RAs and the risk of primary 

liver cancer were examined using data from two independent UK datasets. 
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3.2 Methods 

3.2.1 Primary Care Clinical Informatics Unit (PCCIU): Nested case-control 

design  

3.2.1.1 Data source 

The Primary Care Clinical Informatics Unit (PCCIU) database is an electronic 

primary care dataset from Scotland that captures approximately 15% of the Scottish 

population
213

. Demographics and details of patient encounters, clinical diagnosis 

(using Read codes) 
214

 by General Practitioners (GPs), and prescriptions were 

collected routinely for every patient. Data access was approved by the Research 

Applications and Data Management Team of the University of Aberdeen, and ethics 

approval for this analysis were obtained from the School of Medicine, Dentistry and 

Biomedical Sciences Research Ethics Committee at Queen‘s University Belfast 

(reference number: 15.43) 

 

3.2.1.2 Study design 

A nested case-control study was conducted within PCCIU.  

Nested case-control study is a case-control study conducted in a cohort. Cases are 

identified over a period of follow-up, and are matched with a number of controls who 

have not developed disease at the point of case identification
215

. The application of 

incidence density sampling (or risk set sampling) means that a cohort member can be 

a case in the future. Before being the case, that cohort member can serve as a control 

and can be matched to more than one case 
215

.  

Controls are matched with cases based on age, sex, date of entry into the cohort, and 

duration of exposure period, and other covariates that could be the confounding 

factors in the relationship between exposure and outcome of interest
216

. Therefore, 

nested case control design helps to control potential confounding factors. 

Furthermore, since nested case-control studies match the exposure periods between 

cases and controls, therefore avoiding bias of time-dependent exposure without using 

advanced statistical techniques 
216

. Besides, nested case control minimizes limitations 

of case-control and cohort designs. For example, nested case control studies are less 
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time consuming and effort consuming than the cohort study due to smaller number of 

study subjects. It limits recall bias as the information of exposure is collected at the 

baseline. The exposure factors are identified prior disease occurrence, which helps to 

explain better about the causal relationship compared to case-control study 
215

. 

In this study, cases were defined as having a first diagnosis of primary liver cancer, 

including HCC and IBDC, (based upon GP Read code: B15, excluding B153) 

between January 1, 1999 and April 30, 2011. These Read codes are code thesaurus of 

clinical terms, used by the National Health Service (NHS). They provide standard 

vocabulary for GPs to record patient health and procedures in primary and secondary 

care 
217

.  

Up to five controls were matched to each case on exact year of birth, sex and General 

Practitioners (GP) practice. The index date for the cases was defined as the date of 

diagnosis of primary liver cancer and cases had to be free from cancer (excluding 

non-melanoma skin cancer) prior to this date. The index date for the controls was the 

diagnosis date of their matched case, controls were free from any cancer (apart from 

non-melanoma skin cancer) prior to the index date. 

The start of prescription records was considered January 1, 1996 (as prescriptions 

prior to this date were less likely to have been electronically recorded) or the date of 

patient registration at a GP practice if this occurred after January 1, 1996. The 

shortest duration of available prescription records was determined within each 

matched set of a case and controls.  The start of the exposure period was then set as 

the index date minus this duration within each matched set of a case and controls to 

ensure all members of the matched set had an identical length of exposure period. 

The end of the exposure period was one year prior to the index date to reduce the 

potential for reverse causation due to increased exposure to healthcare professionals 

following cancer symptoms.  Cases and controls with less than three years of 

prescription records prior to their index date were excluded. A diagram was created 

to illustrate the process of conducting the nested-case control in PCCIU database 

(figure 3.4). 
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Figure 3. 4: The diagram depicts the conduct of the nested-case control  

 

3.2.1.3 Data collection 

Exposure of interest 

Medication use was determined from GP prescriptions in the exposure period. For 

each case and control, prescriptions for PPIs were extracted 
218

 (including 

esomeprazole, lansoprazole, omeprazole, pantoprazole, rabeprazole sodium) and 

H2RAs
218

 (including cimetidine, famotidine, nizatidine, ranitidine). A quantity of 56 

tablets was assumed for the less than 0.1% of prescriptions where the quantity 

recorded in the PCCIU database was assumed incorrect, based upon the most 

common PPI prescription size. Defined daily doses (DDD), defined by World Health 

Organization as the assumed average maintenance dose per day for a drug used for 

its main indication in adults, were calculated from the quantity of tablets and 

strength
219

. 

 

Covariates 

Comorbidities were obtained from GP diagnosis codes prior to the index date, 

including diabetes, coronary heart disease, myocardial infarction, heart failure, 

peripheral vascular disease, cerebrovascular disease, cerebrovascular accident, 

chronic obstructive pulmonary disease, mental illness, gastro-oesophageal reflux 

disease, peptic ulcer disease, and liver diseases (hepatitis, cirrhosis, alcoholic fatty 

liver, non-alcoholic fatty liver, biliary cirrhosis). Statins and aspirin use were 



Page | 99  
 

identified from prescription records. Lifestyle risk factors were extracted from GP 

records including smoking status (never smoker, previous smoker, and current 

smoker), alcohol status (none, low [e.g. moderate or light drinker], or high intake 

[e.g. above recommended limits, chronic alcoholism]), and obesity ([BMI>30], or 

not obese) using the most recent record prior to the index date. Postcode of the GP 

practice was used to assign deprivation fifths using the Scottish Index of Multiple 

Deprivation
220

. 

 

3.2.2 UK Biobank: prospective cohort design 

3.2.2.1 Data source 

The UK Biobank is a major health resource established to improve prevention, 

diagnosis, and treatment of a variety of illness including cancer. The UK Biobank 

contains approximately 500,000 volunteer participants aged 40 to 69 from England, 

Scotland and Wales recruited from 2006 to 2010 
221

.  A wide range of data was 

collected including lifestyle, environment, medical history and physical measures, 

along with biological samples (blood, urine, and saliva samples). Data was collected 

through a touchscreen questionnaire and a face-to-face interview with a nurse. Health 

outcomes including heart diseases, stroke, diabetes, osteoporosis, arthritis, eye 

disease, dementia, depression, and cancer were identified during the follow-up. The 

UK Biobank is linked to cancer registry data from the Health and Social Care 

Information Centre (in England and Wales) and the National Health Service Central 

Register (in Scotland). The UK Biobank has ethical approval from the North West 

Multi-Centre Research Ethics Committee.  All participants provided written 

informed consent. 

 

3.2.2.2 Study design 

A prospective cohort study among participants was conducted in the UK Biobank.  

A cohort in epidemiology is defined as a set of people with defined characteristics 

which is followed up over a period of time
222

. Since cancer cases were identified 

after an exposure period, the explanation for a causal relationship in a cohort study is 
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more likely to be stronger than in a case-control study
222

. However, a large sample 

size and a long follow-up period are required in a cohort study, which makes it more 

costly to conduct than a case-control study 
222

. 

In this study a cohort of 500,000 volunteer participants with characteristics identified 

at the baseline was followed up until the date of liver cancer diagnosis. Liver cancer 

patients were identified using cancer registry records (based upon ICD 10 codes C22, 

hepatocellular carcinoma C22.0 and intrahepatic bile duct cancer C22.1) up to 

September 30, 2014.  Participants with a cancer diagnosis (apart from non-melanoma 

skin cancer) prior to baseline or in the year after baseline were excluded (as these 

cancers may have been present at baseline). Consequently, cohort participants were 

followed from one year after baseline until the date of liver cancer diagnosis or 

censoring (on the earliest of the date of death, date of other cancer, or September 30, 

2014). A diagram was created to illustrate the process of conducting the prospective 

cohort study in UK Biobank (figure 3.5). 

 

Figure 3. 5: The diagram depicts the conduct of the prospective cohort in UK 

Biobank  

 

3.2.2.3 Data collection 

Exposure of interest 

Self-reported PPI and H2RA use was first ascertained from participants using a 

touchscreen questionnaire at baseline, and then verified during verbal interview with 

a UK Biobank nurse. 

Covariates 
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Covariates were determined from patient interview and touch screen at baseline. 

These included age, gender, comorbidities (gastro-oesophageal reflux disease, peptic 

ulcer disease, cirrhosis, hepatitis, and diabetes) and other medication use (statins and 

aspirin). Lifestyle risk factors including smoking (never smoker, previous smoker or 

current smoker) and alcohol consumption (never, <1 day per week, 1-2 days per 

week, 3-4 days per week or >4 days per week) were also ascertained. BMI 

(categorized as under or normal weight [<25], overweight [25-30], obese [>30]) was 

calculated from height and weight measurements recorded at baseline by trained 

research staff. The Townsend score based upon postcode of residence was 

determined as a measure of deprivation24. 

 

3.2.2.4 Statistical analysis 

The characteristics of cases and control were compared using descriptive statistics 

(for continuous variables) or frequencies and percentages (for categorical variables).  

In PCCIU, conditional logistic regression was used to estimate odd ratios (OR) and 

95% confidence intervals (95% CI) for the association between PPI/H2RA use and 

liver cancer risk. The matched design accounted for age, sex and GP practice, and 

adjustments were made for comorbidities (as described), obesity, aspirin and statins 

use. A separate complete case analysis was conducted additionally adjusted for 

smoking and alcohol.  

Analyses were repeated by number of prescriptions, by DDDs and by type of PPIs. 

Similar analyses were conducted for H2RA use. A sensitivity analysis was conducted 

adjusting for H2RAs and PPIs simultaneously. Additional sensitivity analyses were 

conducted removing prescriptions in the 2 years prior to index date (including only 

patients with 4 years of medical records), and in the 4 years prior to index date 

(including only patients with 6 years of medical records), to investigate the potential 

for reverse causation potentially due to gastrointestinal symptoms. A further 

sensitivity analysis was conducted adjusting for smoking and alcohol using multiple 

imputation with chained equations
223

. First, an imputation model was created using 

ordered logit models including age, gender, PPI, H2RA, obesity, comorbidity, statins 
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and aspirin use, separately for cases and controls. Twenty-five imputations were 

conducted and results were combined using Rubin‘s rules
224

. 

The UK Biobank cohort was analysed using Cox regression with age as the 

underlying time scale (individuals were considered at risk from birth and under 

observation from age at baseline, left truncated) to calculate hazard ratios (HR) and 

95% CIs for PPI/H2RA use and liver cancer risk and by histological types (HCC 

based upon ICD 10 code C22.0 and IBDC code C22.1). In adjusted analyses the 

model contained age, gender, deprivation, BMI, alcohol, smoking, comorbidities at 

baseline (GORD, peptic ulcer disease, cirrhosis, hepatitis and diabetes) and statins 

and aspirin use at baseline. 

Sensitivity analyses were conducted adjusting for H2RAs and PPIs simultaneously 

and by repeating the analyses starting follow-up at 2 years and 4 years after baseline 

(to remove cancers within 2 and 4 years, respectively, which could have influenced 

medication prescribing at baseline).   
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3.3 Results 

3.3.1 PCCIU 

The nested case-control study in PCCIU included 434 cases of liver cancer and 2,103 

matched controls (Table 3.1). The median exposure period was 5.5 years (min 2.0, 

max 13.3) in cases and controls. Liver cancer cases were more likely than controls to 

smoke, consume high levels of alcohol, use aspirin, and have diabetes, liver diseases 

and peptic ulcers. 

Overall, a greater proportion of liver cancer cases used PPIs compared with controls 

(33% vs 23%) (Table 3.2). PPI use was associated with increased risk of liver cancer 

(unadjusted OR 1.74, 95% CI 1.38, 2.19; fully adjusted OR 1.80, 95% CI 1.34, 2.41). 

However, no evidence of a dose response relationship was found with increased 

duration of exposure (1-11 PPI prescriptions fully adjusted OR =1.92, 95% CI 1.33, 

2.69 and 12 or more prescriptions OR =1.66, 95% CI 1.13, 2.45). Associations were 

similar when exposure was based upon DDDs. There were stronger associations for 

omeprazole (fully adjusted OR 1.83, 95% CI 1.30, 2.56) than lansoprazole (fully 

adjusted OR 1.34, 95% CI 0.93, 1.93). 

No association was found between H2RA use and risk of liver cancer (ever H2RA 

use: fully adjusted OR 1.21, 95% CI 0.84, 1.76), regardless of duration of use and 

type (Table 3.2). People who used more than 12 prescriptions ,compared with none, 

shared a similar risk of liver cancer with people who used less than 12 prescriptions, 

compare with none(HR 1.22; 95% CI 0.70, 2.07 and HR 1.22; 95% CI 0.75, 1.96, 

respectively). Similarly, the risk of liver cancer did not follow a dose response 

relationship when H2RAs exposure was based upon DDDs. No association was 

found between any subtypes of H2RAs and risk of liver cancer.  

In sensitivity analyses (Table 3.3), the association with PPI use was moderately 

attenuated after introducing 2 year (fully adjusted OR 1.65, 95% CI 1.15, 2.35) and 4 

year lags (fully adjusted OR 1.60, 95% CI 0.97, 2.64). Similarly, the association in 

models which used multiple imputation showed an attenuated risk of liver cancer 

(HR 1.67; 95% CI 1.29, 2.15). Further analysis with adjustment for H2RAs showed a 

similar estimate of liver cancer risk to the main analysis (HR 1.79, 95% CI 1.33, 

2.40). For H2RAs, sensitivity analyses did not meaningfully change the findings. 
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Table 3. 1: Characteristics of liver cancer cases and controls in Primary Care Clinical Informatics Unit 

and UK Biobank 

 

Primary Care Clinical Informatics 

Unit 
UK Biobank 

Cases Controls Cases Controls 

Count 434 (17.1%) 2,103 (82.9%) 182 471669 

Median exposure years  

(min, max) 

5.47  

(2.00, 13.31) 

5.45  

(2.00, 13.31) 
  

Year of diagnosis: 1996-1999 10 (2.3%)    

                            2000-2003 82 (18.9%)    

                            2004-2007 237 (54.6%)    

                            2008-2011 105 (24.1%)  67 (36.8%)  

                            2012-2015   115 (63.2%)  

     

Age at index
†
/baseline

†
:0-49 12 (2.8%) 61 (2.9%) 6 (3.3%) 114821 (24.3%) 

                                   50-59 62 (14.3%) 316 (15.0%) 59 (32.4%) 158665 (33.6%) 

                                   60-69 139 (32.0%) 693 (32.9%) 114 (62.6%) 196054 (41.6%) 

                                   70-79 143 (32.9%) 693 (32.9%) 3 (1.6%) 2129 (0.5%) 

                                   80+ 78 (17.9%) 340 (16.2%)   

     

Male 292 (67.3%) 1412 (67.1%) 114 (62.6%) 217239 (46.1%) 

     

Deprivation:  1 (Least deprived) 70 (16.1%) 340 (16.2%) 27 (14.8%) 94450 (20.0%) 

                      2 61 (14.0%) 294 (14.0%) 35 (19.2%) 94030 (19.9%) 

                      3 84 (19.4%) 413 (19.4%) 41 (22.5%) 93947 (19.9%) 

                      4 105 (24.2%) 501 (23.8%) 40 (22.0%) 94411 (20.0%) 

                      5 (Most deprived) 107 (24.6%) 521 (24.7%) 39 (21.4%) 94234 (20.0%) 

                       Missing 7 (1.6%) 34 (1.6%) 0 (0.0%) 597 (0.1%) 

     

Smoking status
§
: Never 135 (31.1%) 806 (38.3%) 65 (35.7%) 258073 (54.7%) 

                        Previous 130 (30.0%) 578 (27.5%) 87 (47.8%) 160827 (34.1%) 

                        Current  116 (26.7%) 428 (20.4%) 30 (16.5%) 50023 (10.6%) 

                        Missing 53 (12.2%) 291 (13.8%) 0 (0.0%) 2746 (0.6%) 

     

Comorbidities: GORD <5 (<1.1%) 17 (0.8%) 6 (3.3%) 19596 (4.2%) 

                          Cirrhosis - - 13 (7.1%) 466 (0.1%) 

                          Hepatitis - - 16 (8.8%) 2367 (0.5%) 

                          Liver diseases
‡
  34 (7.8%) 11 (0.5%) - - 

                          Diabetes 53 (12.2%) 89 (4.2%) 35 (19.2%) 23812 (5.0%) 

                          Peptic ulcer 13 (3.0%) 24 (1.1%) <5 (<2.7%) 5729 (1.2%) 
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Table 3.1 (continued): Characteristics of liver cancer cases and controls in Primary Care Clinical 

Informatics Unit and UK Biobank 

 
Primary Care Clinical Informatics 

Unit 
UK Biobank 

 Cases Controls Cases Controls 

Other drug use: Statins 112(25.8%) 572(27.2%) 45 (24.7%) 76505 (16.2%) 

                           Aspirin 158 (36.4%) 659(31.3%) 43 (23.6%) 64755 (13.7%) 

     

BMI: Normal\under weight - - 47 (25.8%) 154943 (32.8%) 

          Overweight - - 71 (39.0%) 199281 (42.3%) 

          Obese 102 (23.5%) 423 (20.1%) 64 (35.2%) 114531 (24.3%) 

          Not obese 332 (76.5%) 1680 (79.9%) - - 

          Missing   0 (0.0%) 2914 (0.6%) 

     

Alcohol consumption
§
     

Never 91 (21.0%) 346 (16.4%) 30 (16.5%) 37871 (8.0%) 

< 1 day per week - - 40 (22.0%) 106526 (22.6%) 

1-2 days per week - - 34 (18.7%) 121501 (25.8%) 

3-4 days per week - - 36 (19.8%) 108918 (23.1%) 

>4 days per week - - 42 (23.1%) 95422 (20.2%) 

Low 189 (43.5%) 1104 (52.5%)   

High 53 (12.2%) 93 (4.4%)   

Missing 101 (23.3%) 560 (26.7%) 0 (0.0%) 1431 (0.3%) 

 

†
Age at index date in Primary Care Clinical Informatics Unit data and age at baseline in UK Biobank 

data. 

‡ 
Liver diseases includes cirrhosis, alcoholic and non-alcoholic fatty liver, and hepatitis. 

§ 
Alcohol and smoking consumption based upon Read codes in Primary Care Clinical Informatics Unit 

data and questionnaire data in UK Biobank
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           Table 3. 2: The association between PPI and H2RA use and risk of liver cancer in Primary Care Clinical Informatics Unit 

 
Cases 

n (%) 

Controls 

n (%) 

Unadjusted  Adjusted
†
  Fully adjusted

‡
 

OR (95% CI) P OR (95% CI) P OR (95% CI) P 

  n=2536  n=2536  n= 1533  

Any PPIs        

Never 289 (66.6%) 1618 (76.9%) 1.00 (ref. cat.)  1.00 (ref. cat.)  1.00 (ref. cat.)  

Ever 145 (33.4%) 485 (23.1%) 1.74 (1.38,2.19) <0.001 1.65 (1.28,2.12) <0.001 1.80 (1.34,2.41) <0.001 

         

1-11 prescriptions 77 (17.7%) 259 (12.3%) 1.74 (1.30,2.32) <0.001 1.69 (1.24,2.30) 0.001 1.92 (1.33,2.69) <0.001 

12+ prescriptions 68 (15.7%) 226 (10.8%) 1.73 (1.28,2.35) <0.001 1.60 (1.15,2.23) 0.005 1.66 (1.13,2.45) 0.01 
         

1-6 prescriptions 63 (14.5%) 214 (10.2%) 1.70 (1.25,2.33) 0.001 1.71 (1.22,2.38) 0.002 1.98 (1.35,2.89) <0.001 

7-12 prescriptions 16 (3.7%) 52 (2.5%) 1.83 (1.02,3.26) 0.041 1.61 (0.87,2.99) 0.13 1.58 (0.77,3.25) 0.213 

13-36 prescriptions 49 (11.3%) 153 (7.3%) 1.81 (1.28,2.56) 0.001 1.65 (1.14,2.40) 0.008 1.68 (1.07,2.61) 0.022 

37+ prescriptions 17 (3.9%) 66 (3.1%) 1.54 (0.87,2.72) 0.141 1.40 (0.75,2.60) 0.285 1.72 (0.87,3.38) 0.115 

         

1-183 DDDs 59 (13.6%) 198 (9.4%) 1.74 (1.26,2.40) 0.001 1.77 (1.26,2.49) 0.001 2.06 (1.36,3.00) <0.001 

184-365 DDDs 16 (3.7%) 52 (2.5%) 1.76 (0.99,3.10) 0.053 1.53 (0.83,2.86) 0.178 1.70 (0.84,3.59) 0.145 

366 - 1095 DDDs 38 (8.8%) 138 (6.6%) 1.60 (1.09,2.35) 0.017 1.46 (0.97,2.20) 0.072 1.34 (0.80,2.18) 0.245 

1096 DDDs+ 32 (7.4%) 97 (4.6%) 1.95 (1.26,3.01) 0.003 1.75 (1.09,2.82) 0.02 2.04 (1.23,3.66) 0.01 

         

PPIs by type:        

Omeprazole (user v non-user) 93 (21.4%) 305 (14.5%) 1.68 (1.28,2.20) <0.001 1.61 (1.20,2.16) 0.001 1.83 (1.30,2.56) <0.001 

Lansoprazole (user v non-user) 71 (16.4%) 256 (12.2%) 1.41 (1.05,1.89) 0.022 1.31 (0.96,1.80) 0.089 1.34 (0.93,1.93) 0.117 
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Table 3.2 (continued). The association between PPI and H2RA use and risk of liver cancer in Primary Care Clinical Informatics Unit. 

 
Cases 

n (%) 

Controls 

n (%) 

Unadjusted  Adjusted
†
  Fully adjusted

‡
 

OR (95% CI) P OR (95% CI) P OR (95% CI) P 

Any H2RAs         

Never 371 (85.5%) 1851 (88.1%) 1.00 (ref. cat.)  1.00 (ref. cat.)  1.00 (ref. cat.)  

Ever 63 (14.5%) 252 (11.9%) 1.23 (0.91,1.66) 0.177 1.19 (0.87,1.64) 0.274 1.21 (0.84,1.76) 0.31 

         

1-11 prescriptions 34 (7.8%) 161 (7.7%) 1.04 (0.70,1.54) 0.84 1.04 (0.69,1.57) 0.840 1.22 (0.75,1.96) 0.418 

12+ prescriptions 29 (6.7%) 91 (4.3%) 1.56 (1.01,2.40) 0.044 1.45 (0.92,2.29) 0.113 1.22 (0.70,2.07) 0.496 

         

1-6 prescriptions 27 (6.2%) 129 (6.1%) 1.03 (0.66,1.58) 0.907 1.06 (0.67,1.65) 0.830 1.25 (0.70,2.03) 0.406 

7-12 prescriptions 7 (1.6%) 32 (1.5%) 1.10 (0.48,2.50) 0.821 1.00 (0.43,2.37) 0.988 1.10 (0.42,2.93) 0.845 

13-36 prescriptions 20(4.6%) 61 (2.9%) 1.60 (0.95,2.68) 0.078 1.54 (0.90,2.65) 0.112 1.46 (0.79,2.72) 0.235 

37+ prescriptions 9 (2.1%) 30 (1.4%) 1.49 (0.70,3.15) 0.295 1.24 (0.54,2.83) 0.604 0.75 (0.26,2.09) 0.580 

         

1-183 DDDs 26 (6.0%) 124 (5.9%) 1.03 (0.66,1.60) 0.887 1.07 (0.68,1.70) 0.761 1.24 (0.73,2.12) 0.429 

184-365 DDDs 8 (1.8%) 28 (1.3%) 1.39 (0.52,3.09) 0.415 1.19 (0.52,2.72) 0.682 1.47 (0.56,3.86) 0.437 

366 - 1095 DDDs 20 (4.6%) 64 (3.0%) 1.52 (0.91,2.54) 0.111 1.50 (0.88,2.55) 0.137 1.33 (0.71,2.50) 0.374 

1096 DDDs+ 9 (2.1%) 36 (1.7%) 1.25 (0.60,2.62) 0.546 1.03 (0.46,2.30) 0.934 0.79 (0.30,2.07) 0.629 

         

H2RAs by type:         

Cimetidine (user v non-user) 19 (4.4%) 92 (4.4%) 0.94 (0.56,1.57) 0.801 0.85 (0.49,1.47) 0.564 0.97 (0.50,1.88) 0.923 

Ranitidine (user v non-user) 45 (10.4%) 166 (7.9%) 1.35 (0.95,1.90) 0.097 1.38 (0.96,1.99) 0.083 1.41 (0.91,2.15) 0.110 
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†
Study matched on age, gender and general practice and model contains obesity, comorbidities in exposure period (including diabetes, coronary heart disease, myocardial 

infarction, heart failure, peripheral vascular disease, cerebrovascular disease, cerebrovascular accident, chronic obstructive pulmonary disease, mental illness, liver disease, 

peptic ulcer disease) and other medication use in exposure period (statins, aspirin) 

‡ 
Same model as 

†
 but alcohol and smoking added 
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Table 3. 3: Sensitivity analysis for the association between PPI and H2RA use and risk of liver cancer in Primary Care Clinical Informatics Unit 

 Cases 

n/N (%) 

Controls 

n/N (%) 

Unadjusted  Adjusted
†
  Fully adjusted

‡
 

OR (95% CI) P OR (95% CI) P OR (95% CI) P 

        

PPIs (user versus non-user)        

 Main analysis 145/434 (33.4%) 485/2103 (23.1%) 1.74 (1.38,2.19)) <0.001 1.65 (1.28,2.12) <0.001 1.80 (1.34,2.41) <0.001 

 Removing prescriptions 2 years before index 92/336 (27.4%) 320/1631 (19.6%) 1.59 (1.20,2.10) 0.001 1.50 (1.10,2.05) 0.010 1.65 (1.15,2.35) 0.006 

 Removing prescriptions 4 years before index 40/205 (19.5%) 149/988 (15.1%) 1.38 (0.92,2.06) 0.120 1.30 (0.83,2.02) 0.252 1.60 (0.97,2.64) 0.065 

 Lifestyle factors adjusted for using MI
§
 145/434 (33.4%) 485/2103 (23.1%) 1.74 (1.38,2.19) <0.001 1.65 (1.28,2.12) <0.001 1.67 (1.29,2.15) <0.001 

 Ever use >= 3 prescriptions 104/434 (24.0%) 340/2103 (16.2%) 1.67 (1.29,2.16) <0.001 1.57 (1.18,2.07) 0.002 1.61 (1.16,2.22) 0.004 

 Additionally adjusting for H2RAs
¶
 145/434 (33.4%) 485/2103 (23.1%) 1.74 (1.38,2.19)) <0.001 1.64 (1.27,2.12) <0.001 1.79 (1.33,2.40) <0.001 

         

         

H2RAs (user versus non-user)        

 Main analysis 63/434 (14.5%) 252/2103 (11.9%) 1.23 (0.91,1.66) 0.177 1.19 (0.87,1.64) 0.274 1.21 (0.84,1.76) 0.310 

 Removing prescriptions 2 years before index 51/336 (15.2%) 205/1631 (12.6%) 1.22 (0.88,1.70) 0.248 1.20 (0.84,1.71) 0.323 1.14 (0.75,1.74) 0.525 

 Removing prescriptions 4 years before index 29/205 (14.1%) 112/988 (11.3%) 1.24 (0.79,1.93) 0.352 1.20 (0.74,1.93) 0.464 1.03 (0.60,1.78) 0.907 

 Lifestyle factors adjusted for using MI
§
 63/434 (14.5%) 252/2103 (11.9%) 1.23 (0.91,1.66) 0.177 1.19 (0.87,1.64) 0.274 1.22 (0.89,1.69) 0.215 

 Ever use >= 3 prescriptions 48/434 (11.1%) 158/2103 (7.5%) 1.49 (1.05,2.10) 0.023 1.43 (1.00,2.06) 0.051 1.38 (0.90,2.12) 0.136 

 Additionally adjusting for PPIs
¶
 145/434 (33.4%) 485/2103 (23.1%) 1.74 (1.38,2.19)) <0.001 1.05 (0.76,1.46) 0.774 1.06 (0.72,1.55) 0.776 
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†
Study matched on age, gender and general practice and model contains obesity, comorbidities in exposure period (including diabetes, coronary heart disease, myocardial 

infarction, heart failure, peripheral vascular disease, cerebrovascular disease, cerebrovascular accident, chronic obstructive pulmonary disease, mental illness, liver disease, 

peptic ulcer disease) and other medication use in exposure period (statins, aspirin) 

‡ 
Same model as 

†
 but alcohol and smoking added. 

§
Using multiple imputations to adjust for alcohol and smoking. 

¶
Model same as 

†
 and 

‡
 but additionally contains H2RAs and PPIs
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3.3.2 UK Biobank 

Among 471,851 participants in the UK Biobank, 182 liver cancer cases were 

identified over a median follow-up of 5.6 years (range 1.0-8.6 years). Liver cancer 

cases were more likely than controls to be older, male, from deprived areas, smoke, 

consume alcohol more often, be overweight or obese, have diabetes, cirrhosis, 

hepatitis, and use statins and aspirin (Table 3.1). 

Ever use of PPIs was associated with 2-fold increased risk of liver cancer (unadjusted 

HR 2.08, 95% CI 1.46, 2.96; fully adjusted HR 1.99, 95% CI 1.34, 2.94). The 

magnitude of the association with PPI use was greater for risk of IBDC (adjusted HR 

3.12, 95% CI 1.72, 5.68) than for risk of HCC (adjusted HR 1.60, 95% CI 0.91, 

2.83). The associations were similar by type of PPIs. A similar, though not 

statistically significant, association was observed between H2RAs and liver cancer 

risk (adjusted HR 1.70; 95% CI 0.82, 3.53). The associations by types of liver cancer 

with H2RAs were attenuated and not statistically significant (Table 3.4).   

In the sensitivity analysis of PPIs, excluding 2 years prior the baseline showed an 

attenuated risk of liver cancer (adjusted HR 1.79, 95% CI 1.15, 2.77) and risk of 

IBDC (HR 2.63, 95% CI 1.28, 5.40). Further adjusting for H2RAs accentuated risk 

of liver cancer and risk of HCC but did not change the risk of IBDC (adjusted HR 

3.11, 95% CI 1.71, 5.66).  For H2RAs, excluding 2 years prior the baseline showed 

an accentuated risk in liver cancer and its types compared with the main analysis but 

none of these associations reached statistically significant. Adjusting the association 

of H2RAs for PPIs accentuated the risk, which showed statistically significant in risk 

of liver cancer (adjusted HR 2.10, 95% CI 1.03, 4.31) but not significant in risk of 

HCC and IBDC (Table 3.5).
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                                      Table 3. 4: The association between PPI and H2RA use and risk of liver cancer in UK Biobank 

 
Users  Non-users  Unadjusted   Adjusted

†
 

Cases P-years Cases P-years HR (95% CI) P HR (95% CI) P 

         

Any liver cancer     cases=182  cases=182  

  Any PPIs 40 208846 142 1949660 2.08 (1.46, 2.96) <0.001 1.99 (1.34, 2.94) <0.001 

  Omeprazole 24 122894 158 2035613 2.01 (1.31, 3.09) <0.001 1.78 (1.12, 2.83) 0.01 

  Lansoprazole 15 73849 167 2084658 2.01 (1.18, 3.42) 0.01 1.82 (1.05, 3.18) 0.03 

         

  Any H2RAs 8 39003 174 2119503 2.26 (1.11, 4.59) 0.02 1.70 (0.82, 3.53) 0.16 

  Ranitidine  8 36319 174 2122188 2.45 (1.21, 4.98) 0.01 1.82 (0.87, 3.79) 0.11 

         

Hepatocellular carcinoma         

  Any PPIs 20 208846 68 1949660 2.13 (1.29, 3.51) <0.001 1.60 (0.91, 2.83) 0.11 

  Any H2RAs 5 39003 83 2119503 2.93 (1.19, 7.23) 0.02 1.24 (0.46, 3.37) 0.67 

         

Intrahepatic bile duct carcinoma         

  Any PPIs 17 208846 55 1949660 2.28 (1.32, 3.94) <0.001 3.12 (1.72, 5.68) <0.001 

  Any H2RAs 2 39003 70 2119503 1.41 (0.34, 5.73) 0.64 1.58 (0.38, 6.56) 0.53 

                              

 †
Model contains age at baseline, gender, deprivation, BMI, alcohol, smoking, comorbidities at baseline (including GORD, peptic ulcer disease, cirrhosis, hepatitis and 

diabetes) and other medication use at baseline (statins, aspirin). 
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Table 3. 5: Sensitivity analysis for the association between PPI and H2RA use and risk of liver cancer in UK Biobank 

 
Users  Non-users  Unadjusted   Adjusted

†
 

Cases P-years Cases P-years HR (95% CI) P HR (95% CI) P 

         

Any liver cancer         

  PPIs (main) 40 208846 142 1949660 2.08 (1.46, 2.96) <0.001 1.99 (1.34, 2.94) <0.001 

  PPIs (adjusting for H2RAs
‡
) 40 208846 142 1949660 2.08 (1.46, 2.96) <0.001 2.33 (1.58, 3.42) <0.001 

  PPIs (2 year lag) 31 162986 120 1525719 1.89 (1.27, 2.81) <0.001 1.79 (1.15, 2.77) 0.01 

  PPIs (4 year lag) 12 73143 65 689489 1.28 (0.69, 2.39) 0.43 1.30 (0.66, 2.55) 0.45 

         

  H2RAs (main) 8 39003 174 2119503 2.26 (1.11, 4.59) 0.02 1.70 (0.82, 3.53) 0.16 

  H2RAs  (adjusting for PPIs
‡
) 8 39003 174 2119503 2.26 (1.11, 4.59) 0.02 2.10 (1.03, 4.31) 0.04 

  H2RAs (2 year lag) 8 30557 143 1658149 2.73 (1.34, 5.57) 0.01 2.02 (0.96, 4.25) 0.06 

  H2RAs(4 year lag) 4 13984 73 748647 2.60 (0.95, 7.11) 0.06 2.26 (0.80, 6.39) 0.12 

         

Hepatocellular carcinoma         

  PPIs (main) 20 208846 68 1949660 2.13 (1.29, 3.51) <0.001 1.60 (0.91, 2.83) 0.11 

  PPIs (adjusting for H2RAs
‡
) 20 208846 68 1949660 2.13 (1.29, 3.51) <0.001 2.06 (1.18, 3.58) 0.01 

  PPIs (2 year lag) 18 162986 59 1525719 2.19 (1.29, 3.73) <0.001 1.62 (0.89, 2.94) 0.11 

         

  Any H2RAs (main) 5 39003 83 2119503 2.93 (1.19, 7.23) 0.02 1.24 (0.46, 3.37) 0.67 

  Any H2RAs  (adjusting for PPIs
‡
) 5 39003 83 2119503 2.93 (1.19, 7.23) 0.02 2.34 (0.94, 5.86) 0.07 

  Any H2RAs (2 year lag) 5 30557 72 1658149 3.36 (1.36, 8.32) 0.01 1.45 (0.53, 4.00) 0.47 
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Table 3.5 (continued): Sensitivity analysis for the association between PPI and H2RA use and risk of liver cancer in UK Biobank 

 Users Non-users Unadjusted  Adjusted
†
 

 Cases P-years Cases P-years HR (95% CI) P HR (95% CI) P 

Intrahepatic bile duct carcinoma         

  PPIs (main) 17 208846 55 1949660 2.28 (1.32, 3.94) <0.001 3.12 (1.72, 5.68) <0.001 

  PPIs (adjusting for H2RAs
‡
) 17 208846 55 1949660 2.28 (1.32, 3.94) <0.001 3.11 (1.71, 5.66) <0.001 

  PPIs (2 year lag) 11 162986 44 1525719 1.82 (0.94, 3.54) 0.08 2.63 (1.28, 5.40) 0.01 

         

  Any H2RAs (main) 2 39003 70 2119503 1.41 (0.34, 5.73) 0.64 1.58 (0.38, 6.56) 0.53 

  Any H2RAs  (adjusting for PPIs
‡
) 2 39003 70 2119503 1.41 (0.34, 5.73) 0.64 1.59 (0.39, 6.54) 0.52 

  Any H2RAs (2 year lag) 2 30557 53 1658149 1.85 (0.45, 7.58) 0.39 2.20 (0.52, 9.28) 0.28 

 

†
Model contains age at baseline, gender, deprivation, BMI, alcohol, smoking, comorbidities at baseline (including GORD, peptic ulcer disease, cirrhosis, hepatitis and 

diabetes) and other medication use at baseline (statins, aspirin). 

‡ 
Same model as 

† 
but additionally containing PPIs and H2RAs
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3.4 Discussion 

3.4.1 Main results 

Using data from two large population-based studies which differed in design (case-

control versus prospective cohort) and method of exposure ascertainment (self-report 

versus prescription records), a consistent association between PPI use and liver 

cancer risk was found. Conversely, there was little evidence of association with use 

of H2RAs. PPI use was more strongly associated with the risk of IBDC than for 

HCC, and the association was not attenuated after adjustments for available 

confounders.  However the associations were slightly attenuated when controlling for 

potential reverse causation (using lags) and, using data from PCCIU, no evidence of 

a dose response was found based upon duration of use.   

The PPIs findings after adjusting for H2RAs were similar to two other studies which 

found a significantly increased risk of HCC with PPIs (US cohort in HCV patients 

excluding H2RA users
83

, HR 2.01, 95% CI 1.50, 2.70,  and Taiwanese nested case 

control in non-hepatitis patients adjusting for H2RA use
184

, OR 2.86, 95% CI 2.69, 

3.04). However, the current finding are different from two previous Taiwanese 

studies in which a case control study
183

 showed no association between PPIs and 

HCC (OR 0.94, 95% CI 0.78, 1.13) and a cohort study
185

 in hepatitis patients found 

non-significant association between them (HR 1.25, 95% CI 0.90‐1.73 in HBV group 

and HR 1.19, 95% CI 0.88‐1.61 in HCV group). These studies however did not 

include and adjusted for some important risk factors of HCC like smoking, alcohol 

intake, and BMI
183,185

. The current study results were similar to a previous study of 

the association between PPI use and IBDC
225

, although a stronger association in 

IBDC was observed (HR 3.12, 95% CI 1.72, 5.68) than that study (OR 1.84, 95% CI 

1.59, 2.14), which could reflect the difference in population (UK vs. Taiwan 

population) and the difference in risk factors of IBDC in two populations. 

Furthermore, the current study adjusted for some but not comprehensive factors for 

cholangiocarcinoma like biliary tract disease, chronic pancreatitis, and inflammatory 

bowel disease, which could confound the results. 

The cause of the increased risk of IBDC but not HCC with PPI use in our study is 

unclear. The current study is the first to compare the association of PPIs with HCC 
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and IBDC, separately. Nevertheless, a study found that in patients with acute 

cholangitis, people who used PPIs had a 23% increase  in the number of biliary 

pathogens compared to those who did not (p<0.01)
226

. This study also found PPI use 

was associated with a significant increase of oropharyngeal flora in the biliary 

tract
226

, suggesting that the rise of pathogenic bacteria as a consequence of PPIs 

could be the underlying mechanism of its deleterious effect. 

The non-association of H2RAs and liver cancer in the current study is similar to a 

previous US cohort
83

 in HCV patients but not consistent with two other previous 

Taiwanese studies
,183,184

 which found a significant increased risk of HCC with H2RA 

use (OR 1.46, 95%CI 1.30, 1.64 and OR 1.41, 95% CI 1.36‐1.46, respectively). 

However, these studies did not account for important risk factors of liver cancer like 

smoking, alcohol, and BMI
183,184

.  

The cause of the observed increased risk of liver cancer with PPI use is unknown. If 

real, the current findings are consistent with an experimental study which showed 

that PPIs can promote liver tumors in rats
186

.  Various potentially harmful 

mechanisms of PPIs have been proposed
227

. In particular, long term PPIs use can 

lead to hypergastrinemia which has been shown to have a carcinogenic effect
228

 , 

particularly on liver cells
193

 . Also PPIs reduce gastric acid secretion increasing the 

survival of various microbes in the stomach
187,188

. The resulting bacterial overgrowth 

could greatly contribute to the transformation of primary bile acid in the intestine to 

secondary bile acid
189

 and has been shown to impact upon the liver
229

 exacerbating 

various liver diseases in mice
178

. A high level of secondary bile acid has been shown 

to cause toxic, inflammatory, and DNA damaging effects on liver cells and bile duct 

cells, leading to HCC
190

 and cholangiocarcinoma
191

. The generally weaker 

associations observed for H2RAs could reflect the weaker acid suppression and the 

less marked effect on gastrin associated with these medications
192

. 

 

3.4.2 Strengths 

The current study has a number of strengths. Consistent findings for PPIs and liver 

cancer risk were observed across two independent datasets. There was minimal risk 

of recall bias as PCCIU analyses were based upon GP prescription records whilst UK 
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Biobank was a prospective cohort study in which medications were recorded at least 

one year prior to liver cancer onset. In both datasets a wide range of confounders was 

adjusted and, particularly, in UK Biobank detailed information on lifestyle risk 

factors were available including smoking and alcohol.  Also, data on number of 

prescriptions were available in PCCIU. 

 

3.4.3 Limitations 

The main limitation is that confounding by incomplete or unknown exposures cannot 

be ruled out. Although cirrhosis and liver disease were adjusted, cirrhosis patients are 

commonly prescribed PPIs
230

 and therefore any misclassification within PCCIU or 

UK Biobank could lead to residual confounding. Furthermore confounding by 

indication cannot be ruled out
231

, for example, individuals with gastro-oesophageal 

reflux disease, for which they receive PPIs, have been shown to have increased risk 

of nonalcoholic fatty liver disease
232

 which is a risk factor for primary liver cancer. 

There was an indication of reverse causation as the associations were slightly 

attenuated when medication use in the period prior to onset was removed, which 

could be influenced by liver cancer symptoms. A further weakness was that 

histological subtype was not available in PCCIU but was available in UK Biobank. 

Furthermore, data collection of medication use was based on self-report at the 

baseline in UK Biobank, however, the information was verified during verbal 

interview with an experienced nurse thereafter. Finally, adherence to medications 

was unknown in either dataset, but this seems more likely to dilute associations.   

 

3.4.4 Future recommendations 

The widespread use of PPIs, and particularly their use without clear indication, and 

the high mortality of liver cancer highlight the need for further research. Specifically, 

further studies should contain sufficiently long follow-up to investigate reverse 

causation, high quality liver cancer outcome data and detailed and complete 

information on liver cancer risk factors.   
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3.4.5 Conclusion 

In conclusion, the current study provides some evidence of an association between 

PPI use and the risk of liver cancer; however, this association requires confirmation 

in other studies due to the possibility of residual confounding and/or reverse 

causation.     
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Chapter 4
 

Statin use and risk of liver cancer: 

evidence from two population-based 

studies 
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4.1 Introduction 

4.1.1 Use of statins  

Statins, or 3-hydroxy-3-methyl-glutaryl-coenzyme A (HMG-CoA)  reductase 

inhibitors, are in the top 200 most commonly prescribed drugs in the United State 
233

. 

In UK, statins are in the top 20 drugs dispensed by items, for instance, with 37.5 

million of items dispensed in 2017, atorvastatin was the top drug prescribed in 

England 
234

. In the UK, a sharp increase of prescription prevalence for statins was 

observed from 2.36 per 1,000 person-years in 1995 to 128.03 per 1,000 person-years 

in 2013 
235

.  

 

4.1.2 Indications 

Statins are used in  primary prevention for cardiovascular diseases associated with 

high cholesterol level and atherosclerotic lesion 
236

. They operate by lowering blood 

levels of low-density lipoprotein (LDL)  but protect against cardiovascular disease 

using other mechanisms 
237

.  These mechanisms include improving endothelial 

dysfunction, reducing vascular smooth muscle cell proliferation, decreasing platelet 

reactivity, and minimizing inflammatory cells activity 
237

. These pleiotropic effects 

therefore contribute to reducing intraplaque angiogenesis, vascular lesions, acute 

coronary syndrome, and atherosclerosis 
237

.  

To prevent cardiovascular disease, statin use is recommended in adults who have 

10% or greater risk of developing chronic vascular disease (CVD) within the next ten 

years which is estimated based on QRISK calculator,. The estimate of ten year risk 

of CVD is  calculated using risk calculators QRISK®3 based on elements such as 

age, sex, smoking and diabetes status, cholesterol blood pressure, and BMI index, 

other comorbidities and medication use 
238

.  

For secondary prevention, statins are used in patients who currently have or had 

conditions of myocardial infarction, angina, stroke, transient ischaemic attack, or 

peripheral arterial disease 
239

.  

The five types of statins which  are prescribed in UK are atorvastatin, fluvastatin, 

pravastatin, rosuvastatin, and simvastatin 
240

. 
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4.1.3 Mechanism of action 

The mevalonate pathway begins with Acetyl-CoA and ends with the production of 

cholesterol (Figure 4.1). The progress is triggered firstly by enzyme HMG CoA 

reductase. Statins, or HMG CoA reductase inhibitors, competes with HMG CoA 

reductase in binding to its receptor, therefore blocking the mevalonate pathway.  
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Figure 4. 1: Mevalonate pathway and isoprenoid synthesis 
241

 

Permission to reuse the figure is granted by Springer Nature 

 

 

4.1.4 Side effect of statins 

4.1.4.1 Statins-associated muscle symptoms  

Myalgia, muscle pain, is the most common statin side effect and is reported as the 

primary reason for statin discontinuation 
242

. According to a recent systematic 

review, 1 to 10% of patients prescribed with statins reported  myalgia 
243

. Myalgia 

can be accompanied by elevated creatine kinase. In the most serious situations, 

patients prescribed statins may develop rhabdomyolysis although the proportion is 

very low
244

. Rhabdomyolysis, defined as creatine kinase over 10x the upper limit of 

normal (ULN) which is approximately 2000 U/L with no other cause of muscle 

injury present 
245

, is associated with myoglobinuria and renal impairment 
243

.  

 

4.1.4.2 Diabetes 

There have been concerns that statins could increase the risk of Type 2 diabetes. 

However, the findings of trials and observational studies differ. Randomized 

controlled trials found some evidence of higher risk of diabetes in statin users but 

increases have been small in magnitude (HR 1.09, 95% CI 1.02-1.17) 
246

, however, 

those trials generally had short durations of follow-up and small sample sizes 
246

. 

Observational studies, have found an increased risk of diabetes in statins users (RR 

1.44, 95% CI 1.31-1.58) 
247

, but this could reflect bias due to confounding because 

statins are often prescribed in older people, with higher levels of cholesterol and 

higher risk of cardiovascular diseases 
248,249

. Regardless , the benefit of statins on 

cardiovascular disease appears to outweigh the potential risk of diabetes, therefore 

statins should not be underutilized in moderate or high cardiovascular risk patients 

246
. For example, a meta-analysis of randomized controlled trials showed that 

intensive statins users had a relative increased risk 12% for new-onset diabetes (OR 

1.12, 95% CI 1.04-1.22) but a 16% relative decreased risk of cardiovascular events 
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(OR 0.84, 95% CI 0.75- 0.94)
250

. In absolute terms, there were 2.0 additional cases of 

diabetes per 1000 patient-years but 6.5 fewer cases of cardiovascular disease per 

1000 patient-years among intensive statins users in comparison with moderate statins 

users 
250

.  

Some mechanisms have been suggested for any increased of diabetes with statin use 

including HMG CoA reductase inhibition, decreased insulin signalling, reduced 

adipocyte differentiation, and decreased pancreatic β cell insulin secretion 
251

. 

 

4.1.4.3 Elevated liver enzymes 

There have been concerns that statins elevate liver enzymes 
252

. Statins are 

contraindicated in patients with poor liver function and it is recommended that statins 

should be discontinued in patients with transaminase levels of greater than three 

times the upper limit of normal 
253,254

. However, more recent studies have suggested 

that statins do not have a negative impact on liver enzymes. 

First, many trials have shown that there is no difference in the proportion of 

increased liver enzymes over 3 times the upper limit of the normal between statin 

users and non-statin users. For instance, a RCT found that after a median of 2 years 

there was no significant difference in the proportion of alanine aminotransferase  

(ALT) more than three times the upper limit of normal between rosuvastatin and 

placebo groups (0.3% and 0.2%, respectively, p=0.34) among a healthy population 

with normal ALT at the baseline 
255

. Similarly, another trial on patients with high 

cholesterol levels and history of cardiovascular disease at baseline found a similar 

proportion of elevated ALT greater than 4 times the upper limit of the normal, 0.42% 

and 0.31% in simvastatin and placebo group, respectively, during the follow up 

period
256

. Continuation of simvastatin in such elevated ALT cases in three weeks 

showed a drop in persistent ALT elevation (0.09% in simvastatin and 0.04% in 

placebo, p=0.3) 
256

. Finally, a meta-analysis of thirteen trials with a minimum 

duration of follow-up of 48 weeks showed that the proportion of liver function test 

elevation is low and similar between statins and placebo groups (statins 1.14% vs. 

placebo 1.05%, OR 1.26, 95% CI 0.99, 1.62) 
257

.  
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Second, solely elevated liver function tests are not an indicator of true hepatic injury 

and studies have shown elevated transaminase levels that were not accompanied by 

histopathological changes in liver 
258,259

. This may be due to the release of 

transaminase from hepatocytes without liver injury. To check the liver function, the 

assessment must include albumin, prothrombin time, and direct bilirubin 
260

.  

Also, statin use has been associated with the regression of hepatic steatosis in some 

studies. For example, a cohort showed that the group with statins prescribing had a 

significant reduction in hepatic steatosis (20.4% at baseline and 11.1% at follow up, 

p=0.001), while there was no significant change in the non-statins group (10.3% at 

baseline vs. 8.2% at follow up, p>0.05) 
261

. Also, among the statin group 23% 

progressed to liver fibrosis , while in the non-statin group 45% progressed to liver 

fibrosis 
261

.  

Nonetheless, in a minority of cases statins are associated with true hepatic injury 

called drug-induced liver injury (DILI). The typical injury could be of hepatocellular, 

or cholestastic, or mixed patterns 
262

. It usually occurs after the first few months of 

statin use and the mechanism may be an idiosyncratic or immunoallergic reaction 
262

. 

The diagnosis of DILI by immunoallergic reaction is usually accompanied by 

autoimmune characteristics including elevated antibodies and immunoglobin levels, 

fibrosis in biopsy, and jaundice 
263

. However, DILI related to statins is rare, reported 

as 1 per 114,000 patient years 
252

.  

 

4.1.4.4 Other potential side effects 

Renal function impairment 

A retrospective cohort study compared the incidence of acute kidney injury in high 

potency statin users to low potency statin user separately in patients with and without 

chronic kidney disease patients. Current use of high potency statins increased acute 

kidney injury risk by 34% (1.34, 95% CI 1.25 to 1.43) in non-chronic kidney disease 

patients and 10% in chronic kidney disease patients (1.10, 95% CI 0.99 to 1.23) 
264

. 

Neurological adverse event 
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Statins have been studied to have both benefits and adverse effect on the central 

nervous system. Protection against cognitive impairment and dementia with long 

term statin use was reported in a meta-analysis of cohort studies 
265

. Statins have 

been also shown to protect against the occurrence of Alzheimer‘s disease in people 

without cognitive impairment at baseline 
266

. However, studies have reported 

increased associations between statin use and psychiatric adverse conditions like 

depression 
267

 and aggression 
268

. 

 

4.1.5 Statins and risk of liver cancer 

Epidemiological studies 

Most studies investigating the relationship between statins and liver cancer 

consistently found inverse associations. A meta-analysis including 22 randomised 

controlled trials, five cohorts, and six case-control studies, containing 5,640,313 

participants and 35,756 liver cancer cases, found a significant decrease in the risk of 

liver cancer in statins users (RR 0.58, 95% CI 0.51, 0.67) 
269

. However, results from 

a meta-analysis of randomised controlled trials showed no association between  

statins and liver cancer risk (RR 1.06, 95% CI 0.66, 1.71) 
269

. Nevertheless, since the 

outcome of the randomised controlled trials are different types of cancer, the adjusted 

factors are general and not specific for liver cancer, for example, there was lacking of 

important factors like alcohol intake, cholesterol levels, or chronic liver diseases 
270

. 

Most observational studies in the meta-analysis adjusted for liver cancer risk factors 

such as HBV, HCV infection, alcohol consumption, cirrhosis, hepatitis, and NAFLD. 

However,  only two studies in that meta-analysis 
271,272

 adjusted for cholesterol, a 

main indication of statins. The first of these studies with limited cases of primary 

liver  cancer in both statins and non-statins use groups concluded that there was no 

difference in liver cancer between the two groups 
271

. The other study investigated 

intrahepatic bile duct carcinoma (IBDC) and found an inverse association between 

statins use and risk of IBDC (OR 0.4, 95% CI 0.6, 0.9) 
272

. However, in this study 

cases were identified from 2000 to 2010, while controls were only identified from 

2009 to 2010. Therefore, the inverse association might reflect the gap between cases 

and control selection. Indeed, a sensitivity analysis only including cases and controls 

identified in 2009-2010 showed a null association (OR 1.2, 95% CI 0.5, 2.7) 
272

. 
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Another study that found an unadjusted inverse association between statins and liver 

cancer risk observed that this association was attenuated after adjusting for high 

cholesterol levels 
273

. The authors of this study highlighted the lack of adjustment for 

cholesterol levels in many previous studies observing an inverse association between  

statins and liver cancer as a weakness 
273

. 

Subsequent studies have consistently shown an inverse association between statins 

and liver cancer. Statins use has been associated with a reduced risk of liver cancer 

ranging from 45% to 66% 
274,275,276

, however, none of these studies adjusted for high 

cholesterol, the main statins‘ indication.  

 

Potential mechanism of statins on liver cancer 

The definitive mechanism of the inverse association between statins and liver cancer 

is unclear. The mechanism suggested is based on the effects of statins on the 

mevalonate pathway, reducing cholesterol and other by-products which may also 

explain potential reductions in other cancer types. 

Statins have been shown to inhibit HMG-CoA reductase, the first enzyme in the 

pathway of producing mevalonate which is the precursor of cholesterol, ubiquinone, 

and isoprenoids (Figure 4.1). Isoprenoids, including farnesyl pyrophosphate (FPP) 

and geranylgeranyl pyrophosphate (GGPP), help to prenylate Ras, Rho, and G 

proteins 
241

. The prenylation of those isoprenoids facilitate Ras and Rho protein in 

cell adhesion, motility, migration, invasion, and metastasis, which all promote 

tumour progression 
277,278

. Statins, by inhibiting the production of isoprenoids, 

preventing the prenylation of isoprenoids with those oncogenic proteins, and 

therefore may play a pivotal role in anticancer proliferation.  

Statins have been shown to have beneficial effect in relation to chronic liver diseases 

via its effects in inhibiting inflammation, angiogenesis, and proliferation, which are 

all essential for the survival of tumour cells. For example, statins decrease 

interleukin-6, the main inflammatory mediator of C-reactive protein (CRP) 
279

. The 

inhibition of statins on the production of isoprenoids, which inactivates prenylation 

of Rho protein, suppresses nuclear factor of κB (NF-κB) a key factor in 

transcriptional regulation of some cytokines and adhesion molecules, and also an 
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inflammatory mediator CRP 
241

. In mouse models, fluvastatin decreased hepatic 

inflammation and hepatic fibrosis, therefore attenuated non-alcoholic steatohepatitis 

(NASH) via inhibiting paracrine effect of hepatocyte on hepatic stellate cells 
280

. 

Furthermore, statins have been shown to reduce neo-angiogenesis in liver cirrhosis 

through inhibiting the non-canonical Hedgehog signalling pathway 
281

. Both in vitro 

and vivo models showed that Hedgehog inhibition downregulated tumoral vascular 

endothelial growth factor (VEGF) production 
282

, a potent factor playing a major role 

in tumour angiogenesis. Finally, blocking of statins on the mevalonate pathway has 

been showed to induce significantly cell death in a variety of tumours via inhibiting 

Rho family prenylation and depleting of geranylgeranyl pyrophosphate (GGPP) 
283

.  

 

4.1.6 Rationale 

As previous studies have been unable to account for important indications/ 

contraindications and there have been few studies investigating both histological 

types of liver cancer HCC and IBDC in a same study, therefore the association 

between use of statins and the risk of primary liver cancer by histological types were 

examined using data from two well-designed large, independent datasets from the 

UK, taking important covariates into account. 
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4.2 Methods 

4.2.1 Primary Care Clinical Informatics Unit (PCCIU) database: Nested case-

control design  

4.2.1.1 Data source 

Details of data source in PCCIU were described in Chapter 3. 

 

4.2.1.2 Study design 

Details of study design in PCCIU were described in Chapter 3. 

 

4.2.1.3 Data collection 

Exposure of interest 

Medication use was determined from GP prescriptions in the exposure period. 

Prescriptions for statins were extracted 
218

 (including atorvastatin, fluvastatin, 

pravastatin, rosuvastatin, simvastatin, cerivastatin). Defined daily doses (DDD) is 

defined by World Health Organization as the assumed average maintenance dose per 

day for a drug used for its main indication in adults 
219

.  DDDs are calculated from 

the quantity of tablets and strength, as defined by World Health Organization 
219

.  

 

Covariates 

Comorbidities were obtained from GP diagnosis codes prior to the index date, 

including diabetes, coronary heart disease, myocardial infarction, heart failure, 

peripheral vascular disease, cerebrovascular disease, cerebrovascular accident, 

mental illness, gastro-oesophageal reflux disease, peptic ulcer disease, and liver 

diseases (hepatitis, cirrhosis, alcoholic fatty liver, non-alcoholic fatty liver, biliary 

cirrhosis). Proton pump inhibitors (PPIs), histamine 2-receptor antagonists (H2RA), 

beta-adrenoceptor blocking drugs, nonsteroidal anti-inflammatory drugs (NSAID) 

and aspirin use was identified from prescription records. Lifestyle risk factors were 

extracted from GP records including smoking status (never smoker, previous smoker, 
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and current smoker), alcohol consumption (none, low [moderate or light drinker], or 

high intake [above recommended limits, chronic alcoholism]), and obesity (body 

mass index [BMI]>30], or not obese) using the most recent record prior to the index 

date. The postcode of each GP practice was used to assign deprivation fifths using 

the Scottish Index of Multiple Deprivation 
220

. 

 

4.2.1.4 Statistical analysis 

The characteristics of cases and control in PCCIU were compared using descriptive 

statistics (e.g., mean, median) for continuous variables and frequencies and 

percentages for categorical variables.  

In the PCCIU dataset nested case-control study, conditional logistic regression 

models were used to estimate odd ratios (OR) and associated 95% confidence 

intervals (CI) for the association between statin use and the risk of liver cancer. The 

matched design accounted for age, sex and GP practice, and potential confounders 

were adjusted (e.g., smoking, obesity, alcohol consumption, co-morbidities) through 

a series of multivariate analyses. In addition to examining associations with 

ever/never use of statins, associations with statin use according to the number of 

prescriptions were examined (1-12, >12 prescriptions, and in more detailed 

prescriptions 1-6, 7-12, 13-36, >36 prescriptions), the number of DDDs, and by 

individual types of statin therapy.  

Sensitivity analyses were also conducted removing prescriptions in the 2 years prior 

to index date (including only patients with 4 years of medical records), and in the 4 

years prior to index date (including only patients with 6 years of medical records), to 

investigate the potential for reverse causation potentially due to gastrointestinal 

symptoms. A further sensitivity analysis was conducted adjusting for smoking and 

alcohol using multiple imputation with chained equations 
223

. First, an imputation 

model was created using ordered logit models including age, sex, statin prescribed, 

obesity, comorbidity, medication use, separately for cases and controls. Twenty-five 

imputations were conducted and results were combined using Rubin‘s rules 
224

. 

Another sensitivity analysis was performed by not adjusting for diabetes and aspirin 

variables to investigate whether they are confounding factors in the relationship 
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between statins and liver cancer. Further analyses were conducted by stratifying by 

diabetes and aspirin use. Finally, analysis of ever use of more than three prescriptions 

instead of one prescription was conducted to investigate the relationship with liver 

cancer. 

 

4.2.2 UK Biobank: prospective cohort design  

4.2.2.1 Data source 

Details of data source in UK Biobank were described in Chapter 3. 

 

4.2.2.2 Study design 

Details of study design in UK Biobank were described in Chapter 3. 

 

4.2.2.3 Data collection 

Exposure of interest 

Participants reported history of statin use was collected by using a touchscreen 

questionnaire at baseline at UK Biobank Assessment Centres, and then verified 

during verbal interview with a UK Biobank nurse to identify which statins was used 

(atorvastatin, fluvastatin, pravastatin, rosuvastatin, simvastatin). 

Covariates 

 Data on demographic and lifestyle factors were also determined from patient 

interview and touch screen at baseline, including age, sex, comorbidities (diabetes, 

hypertension, high cholesterol, angina, myocardial infarction, heart failure, stroke, 

peripheral vascular disease, cirrhosis, hepatitis, gastro-oesophageal reflux disease, 

peptic ulcer disease), smoking status (never smoker, previous smoker or current 

smoker), alcohol consumption (never, <1 day per week, 1-2 days per week, 3-4 days 

per week or >4 days per week), and other medication use (PPIs, H2RA, nitrates, 

NSAID, and aspirin). BMI (kg/m2 categorized as <25, 25-30, and >30) was 

calculated from height and weight measurements recorded at baseline by trained 
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research staff. The Townsend score based upon postcode of residence was 

determined as a measure of deprivation 
284

. 

 

4.2.2.4 Statistical analysis 

The characteristics of participants who proceeded to get liver cancer and those that 

did not in UK Biobank were compared using descriptive statistics (e.g., mean, 

median) for continuous variables and frequencies and percentages for categorical 

variables. The baseline characteristics among non-statin users and statin users were 

also compared. 

In contrast to the PCCIU database, the UK Biobank is a prospective cohort design 

and so the association was analyzed using Cox proportional hazards regression 

models. Age was the underlying time scale (individuals were considered at risk from 

birth and under observation from age at baseline, left truncated) and hazard ratios 

(HR) and associated 95% CIs were calculated for statins use and liver cancer risk 

overall and by histological subtype (HCC based upon ICD 10 code C22.0 and IBDC 

code C22.1). In the adjusted analyses, the model contained age, sex, deprivation, 

BMI, alcohol, smoking, comorbidities at baseline and medication use at baseline. 

The association between statins and liver cancer were stratified by high cholesterol, 

diabetes, and liver diseases. Tests for differences in the association between statins 

and liver cancer by high cholesterol, diabetes, and liver diseases were conducted by 

including interaction terms within Cox regression models. Sensitivity analyses were 

conducted by repeating the analyses starting follow-up at 2 years after baseline (to 

remove cancers within 2 years, which could have influenced medication prescribing 

at baseline). Another sensitivity analysis was performed by not adjusting for high 

cholesterol and diabetes variables. 

All analyses were performed using Stata 14.0 (College Station, TX: StataCorp LP).  
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4.3 Results 

4.3.1 PCCIU 

The nested case-control study in PCCIU included 434 cases of liver cancer and 2,103 

matched controls. The median exposure period was 4.8 years (interquartile range, 

3.1-7.3 years) in cases and controls. Liver cancer cases were more likely than 

controls to smoke, consume high levels of alcohol, have diabetes, cerebrovascular 

disease, cerebrovascular accident, liver diseases, and use aspirin and PPIs (Table 

4.1). 

 

Overall, similar proportions of cases and controls used statins (25.6% vs 27.2%; 

Table 4.2). In the unadjusted model, there was no significant association between 

statin use and risk of liver cancer (OR, 0.92; 95% CI, 0.72-1.18) (Table 4.2). 

However, in the fully adjusted model, statin use was associated with 39% lower risk 

of liver cancer (fully adjusted OR, 0.61; 95% CI, 0.43-0.87).  

 

Evidence for a dose-response relationship with increased duration of statin exposure 

was found (compared with never users: 1-11 prescriptions; fully adjusted OR, 0.74; 

95% CI, 0.46-1.17; ≥12 prescriptions; OR, 0.54; 95% CI, 0.36-0.82; p trend 0.003). 

The dose response relationship was more pronounced in further analysis (compared 

with never users: 1-6 prescriptions; fully adjusted OR 0.85, 95% CI 0.49-1.48; 7-12 

prescriptions, OR 0.56, 95% CI 0.30, 1.06; 13-36 prescriptions, OR 0.51, 95% CI 

0.32, 0.81; >36 prescriptions, OR 0.63, 95% CI 0.33, 1.20; p trend 0.004). 

Associations were similar when exposure was based upon DDDs. Patients with 

higher number of DDDs had lower risk of liver cancer, for example patients with 

highest number of DDDs (>1096DDDs) had the most reduced risk of liver cancer 

(OR 0.41, 95% CI 0.24, 0.70), compared with non-users. Finally, the magnitude of 

the inverse association with risk of liver cancer was larger for simvastatin (fully 

adjusted OR, 0.53; 95% CI, 0.36-0.78) compared to other types of statins (Table 4.2). 
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Sensitivity analyses revealed that differences in history of diabetes and aspirin use 

confounded this association and excluding both these factors from the multivariate 

model slightly attenuated the inverse association with statin use (adjusted HR 

without aspirin and diabetes, 0.75; 95% CI 0.54-1.03) (Table 4.3). The model that 

only included diabetes and aspirin adjustment showed a similar association with the 

main analysis (HR adjusted only for aspirin and diabetes, 0.66; 95% CI 0.49-0.89). 

Further analyses were performed by stratifying by diabetes and aspirin use. 

Compared with patients having no diabetes and no statin use, patients with no 

diabetes and with statin use exhibited a decreased risk of liver cancer (OR 0.69, 95% 

CI 0.47, 1.00). Patients with diabetes without statin use had an increased risk (OR 

4.60, 95% CI 2.21, 9.56), and statin use in patients with diabetes increased the risk 

(OR 1.21, 95% CI 0.65, 2.25). Similarly, compared with patients not using aspirin 

and statins, using statins only decreased risk of liver cancer (OR 0.59, 95% CI 0.34, 

1.00), using aspirin only increased the risk (OR 1.26, 95% CI 0.83, 1.91), and using 

both decreased the risk (OR 0.79, 95% CI 0.54, 1.17). In summary, using statins 

decreased significantly the risk of liver cancer in non-diabetic patients and in non-

aspirin users. 

 

The association with statin use was similar to the main analysis after introducing a 2 

year (fully adjusted OR, 0.63; 95% CI, 0.42-0.94) or 4 year (fully adjusted OR, 0.71; 

95% CI, 0.40-1.25) lag period. Associations were similar to the main analysis in 

other sensitivity analyses using multiple imputation and in analyses in which statin 

exposure required 3 prescriptions (Table 4.3). 
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Table 4. 1: Characteristics of liver cancer cases and controls in Primary Care Clinical Informatics database  

 Primary Care Clinical Informatics Unit database 

Cases Controls 

Number of individuals 434 (17.1%) 2,103 (82.9%) 

Median exposure years  

(lower IQR, upper IQR) 

4.88 

(3.10, 7.29)  

4.83 

(3.10, 7.24) 

Year of diagnosis: 1996-1999 10 (2.3%)  

                            2000-2003 82 (18.9%)  

                            2004-2007 237 (54.6%)  

                            2008-2011 105 (24.1%)  

   

Age at index
†
/baseline

†
:0-49 12 (2.8%) 61 (2.9%) 

                                   50-59 62 (14.3%) 316 (15.0%) 

                                   60-69 139 (32.0%) 693 (32.9%) 

                                   70-79 143 (32.9%) 693 (32.9%) 

                                   80+ 78 (17.9%) 340 (16.2%) 

   

Male 292 (67.3%) 1412 (67.1%) 

   

Deprivation:  1 (Least deprived) 70 (16.1%) 340 (16.2%) 

                       2 61 (14.0%) 294 (14.0%) 

                       3 84 (19.4%) 413 (19.4%) 

                       4 105 (24.2%) 501 (23.8%) 

                       5 (Most deprived) 107 (24.6%) 521 (24.7%) 

                       Missing 7 (1.6%) 34 (1.6%) 

   

Smoking status
§
: Never 135 (31.1%) 806 (38.3%) 

                        Previous 130 (30.0%) 578 (27.5%) 

                        Current  116 (26.7%) 428 (20.4%) 

                        Missing 53 (12.2%) 291 (13.8%) 

   

Comorbidities:   

Diabetes 53 (12.2%) 89 (4.2%) 

CHD/ angina 19 (4.4%) 115 (5.5%) 

MI 9 (2.1%) 52 (2.5%) 

CVD 23 (5.3%) 65 (3.1%) 

CVA/ stroke 9 (2.1%) 30 (1.4%) 

Liver diseases
‡
  34 (7.8%) 11 (0.5%) 

GORD <5 (<1.1%) 17 (0.8%) 
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Table 4.1 (continued): Characteristics of liver cancer cases and controls in Primary 

Care Clinical Informatics database  

 Primary Care Clinical Informatics Unit database 

 Cases Controls 

Other drug use:   

Beta blockers   

Metformin   

NSAID 156 (36.0%) 760 (36.1%) 

Aspirin 158 (36.4%) 659 (31.3%) 

PPIs 145 (33.4%) 485 (23.1%) 

H2RA 63 (14.5%) 252 (12.0%) 

   

BMI: Normal\under weight   

          Overweight   

          Obese 102 (23.5%) 423 (20.1%) 

          Not obese 332 (76.5%) 1680 (79.9%) 

          Missing   

   

Alcohol consumption
§
   

Never 91 (21.0%) 346 (16.4%) 

Low 189 (43.5%) 1104 (52.5%) 

High 53 (12.2%) 93 (4.4%) 

Missing 101 (23.3%) 560 (26.7%) 

 

†
Age at index date in Primary Care Clinical Informatics Unit data. 

‡ 
Liver diseases includes cirrhosis, alcoholic and non-alcoholic fatty liver, and hepatitis. 

§ 
Alcohol and smoking consumption based upon Read codes in Primary Care Clinical Informatics Unit 

data. 

Abbreviation: CHD, coronary heart disease; MI, myocardial infarction; CVD, cerebrovascular disease; 

CVA, cerebrovascular accident; GORD, gastro-oesophageal reflux disease; NSAID, nonsteroidal anti-

inflammatory drugs; PPIs, proton pump inhibitors; H2RA, histamine 2-receptor antagonist.
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Table 4. 2:The association between statins use and risk of liver cancer in Primary Care Clinical Informatics Unit database  

 
Cases 

n (%) 

Controls 

n (%) 

Unadjusted  Adjusted
†
  Fully adjusted

‡
  

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value 
P 

trend 

  n=2536  n=2536  n= 1533   

Any statins         

Never 323 (74.4%) 1532 (72.9%) 1.00 (ref. cat.)  1.00 (ref. cat.)  1.00 (ref. cat.)   

Ever 111 (25.6%) 571 (27.2%) 0.92 (0.72,1.18) 0.509 0.67 (0.49,0.92) 0.015 0.61 (0.43,0.87) 0.006  

          

1-11 prescriptions 44 (10.1%) 187 (8.9%) 1.12 (0.78,1.60) 0.519 0.79 (0.52,1.18) 0.253 0.74 (0.46,1.17) 0.194  

12+ prescriptions 67 (15.4%) 384 (18.3%) 0.82 (0.60,1.10) 0.186 0.61 (0.42,0.88) 0.009 0.54 (0.36,0.82) 0.003 0.003 

          

1-6 prescriptions 27 (6.2%) 103 (4.9%) 1.24 (0.8,1.92) 0.341 0.87 (0.53,1.42) 0.584 0.85 (0.49,1.48) 0.580  

7-12 prescriptions 20 (4.6%) 101 (4.8%) 0.95 (0.57,1.58) 0.853 0.69 (0.40,1.20) 0.192 0.56 (0.30,1.06) 0.076  

13-36 prescriptions 45 (10.4%) 263 (12.5%) 0.80 (0.56,1.14) 0.216 0.60 (0.40,0.90) 0.015 0.51 (0.32,0.81) 0.005  

37+ prescriptions 19 (4.4%) 104 (4.9%) 0.84 (0.49,1.44) 0.533 0.61 (0.33,1.21) 0.112 0.63 (0.33,1.20) 0.164 0.004 

          

1-183 DDDs 20 (4.6%) 76 (3.6 %) 1.26 (0.75,2.10) 0.376 0.85 (0.48,1.50) 0.574 0.88 (0.74,1.63) 0.682  

184-365 DDDs 21 (4.8%) 80 (3.8%) 1.26 (0.77,2.08) 0.359 0.93 (0.54,1.60) 0.791 0.77 (0.41,1.47) 0.436  

366 - 1095 DDDs 44 (10.1%) 208 (9.9%) 0.99 (0.69,1.42) 0.957 0.75 (0.50,1.13) 0.174 0.60 (0.38,0.97) 0.039  

1096 DDDs+ 26 (6.0%) 207 (9.8%) 0.57 (0.37,0.88) 0.013 0.38 (0.22,0.63) <0.001 0.41 (0.24,0.70) 0.001 0.001 

          

Statins by type:         

Atorvastatin (user v non-user) 34 (7.8%) 171 (8.1%) 0.96 (0.65,1.43) 0.838 0.86 (0.56,1.32) 0.493 0.71 (0.44,1.14) 0.157  

Fluvastatin (user v non-user) 4 (0.9%) 15 (0.7%) 1.38 (0.42,0.50) 0.589 1.27 (0.35,4.62) 0.717 0.95 (0.22,4.22) 0.948  

Pravastatin (user v non-user) 17 (3.9%) 77 (3.7%) 1.06 (0.61,1.84) 0.827 0.95 (0.53,1.72) 0.891 0.86 (0.44,1.67) 0.655  
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Table 4.2 (continued): The association between statins use and risk of liver cancer in Primary Care Clinical Informatics Unit database  

 Cases 

n (%) 

Controls 

n (%) 

Unadjusted  Adjusted
†
  Fully adjusted

‡
  P 

trend  OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value 

          

Rosuvastatin (user v non-user) 4 (0.9%) 15 (0.7%) 1.29 (0.40,4.20) 0.671 1.24 (0.35,4.34) 0.738 1.21 (0.35,4.20) 0.763  

Simvastatin (user v non-user) 74 (17.1%) 422 (20.1%) 0.81 (0.60,1.07) 0.145 0.60 (0.42,0.83) 0.003 0.53 (0.36,0.78) 0.001  

Cerivastatin (user v non-user) 3 (0.7%) 9 (0.4%) 1.62 (0.42,6.18) 0.481 2.12 (0.53,8.45) 0.286 1.22 (0.23,6.47) 0.808  

          

          

†
Study matched on age, sex, and general practice and model contains obesity, comorbidities in exposure period (including diabetes, coronary heart disease, myocardial 

infarction, heart failure, peripheral vascular disease, cerebrovascular disease, cerebrovascular accident, mental illness, liver disease, gastro-oesophageal reflux disease, peptic 

ulcer disease) and other medication use in exposure period (PPIs, H2RAs, aspirin, NSAIDs) 

‡ 
Same model as 

†
 but alcohol and smoking added
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Table 4. 3: Sensitivity analysis for the association between statins use and risk of liver cancer in Primary Care Clinical Informatics Unit database. 

 Cases 

n/N (%) 

Controls 

n/N (%) 

Unadjusted Adjusted
†
 Fully adjusted

‡
 

OR (95% CI) OR (95% CI) OR (95% CI) 

Statins (user versus non-user)     

 Main analysis 111/434 (25.6%) 571/2103 (27.2%)  0.92 (0.72,1.18) 0.67 (0.49, 0.92) 0.61 (0.43-0.87) 

   Main analysis but excluding adjustment for 

diabetes 
111/434 (25.6%) 571/2103 (27.2%) 

 0.92 (0.72,1.18) 0.75 (0.55, 1.02) 0.66 (0.47, 0.94) 

   Main analysis but excluding adjustment for 

aspirin 
111/434 (25.6%) 571/2103 (27.2%) 

 0.92 (0.72,1.18) 0.77 (0.57,1.02) 0.68 (0.49, 0.94) 

   Main analysis but excluding adjustment for 

aspirin and diabetes  
111/434 (25.6%) 571/2103 (27.2%) 

 0.92 (0.72,1.18) 0.87 (0.66, 1.14) 0.75 (0.54, 1.03) 

   Analysis only adjusted for diabetes and 

aspirin 

111/434 (25.6%) 571/2103 (27.2%)  0.92 (0.72,1.18) 0.66 (0.49, 0.89) 0.66 (0.49, 0.89) 

      

No diabetes & no statins 293/19189 (1.5%) 1509/19189 (7.8%) 1.00 1.00 1.00 

No diabetes & statins   88/5314 (1.6%) 505/5314 (9.5%) 0.92 (0.70, 1.21) 0.77 (0.55, 1.06) 0.69 (0.47, 1.00) 

Diabetes & no statins 30/399 (7.5%) 23/399 (5.7%) 6.83 (3.88,12.02) 5.49 (2.95, 10.2) 4.60 (2.21, 9.56) 

Diabetes & statins 23/767 (3.0%) 66/767 (8.6%) 1.75 (1.06, 2.89) 1.49 (0.85, 2.60) 1.21 (0.65, 2.25) 

      

No aspirin & no statins 251/16344 1288/16344 1.00 1.00 1.00 

No aspirin & statins   25/1604 156/1604 0.83 (0.52, 1.30) 0.75 (0.46, 1.20) 0.59 (0.34, 1.00) 

Aspirin & no statins 72/3244 244/3244 1.49 (1.09, 2.03) 1.40 (1.00, 1.97) 1.26 (0.83, 1.91) 

Aspirin & statins 86/4477 415/4477 1.07 (0.80, 1.42) 0.89 (0.63, 1.25) 0.79 (0.54, 1.17) 
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Table 4.3 (continued). Sensitivity analysis for the association between statins use and risk of liver cancer in Primary Care Clinical Informatics Unit 

database. 

 Cases 

n/N (%) 

Controls 

n/N (%) 

Unadjusted Adjusted
†
 Fully adjusted

‡
 

 OR (95% CI) OR (95% CI) OR (95% CI) 

      

 Removing prescriptions 2 years before index 75/336 (22.3%) 397/1631 (24.3%) 0.87 (0.65,1.18) 0.68 (0.47,0.98) 0.63 (0.42,0.94) 

 Removing prescriptions 4 years before index 31/205 (15.1%) 198/988 (20.0%) 0.69 (0.45,1.06) 0.64 (0.38,1.08) 0.71 (0.40,1.25) 

 Lifestyle factors adjusted for using multiple 

imputation
§
 

111/434 (25.6%) 571/2103 (27.2%) 0.92 (0.72,1.18) 0.67 (0.49,0.92) 0.65 (0.48,0.90) 

 Ever use >= 3 prescriptions 104/434 (24.0%) 553/2103 (26.3%) 0.87 (0.70,1.13) 0.82 (0.73,0.93) 0.56 (0.39,0.81) 

     

†
Study matched on age, sex, and general practice and model contains obesity, comorbidities in exposure period (including diabetes, coronary heart disease, 

myocardial infarction, heart failure, peripheral vascular disease, cerebrovascular disease, cerebrovascular accident, mental illness, liver disease, gastro-oesophageal 

reflux disease, peptic ulcer disease) and other medication use in exposure period (PPIs, H2RAs, aspirin, NSAIDs) 

‡ 
Same model as 

†
 but alcohol and smoking added. 

§
Using multiple imputation to adjust for alcohol and smoking. 
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4.3.2 UK Biobank 

Among 471,851 participants in the UK Biobank, 182 participants developed incident liver 

cancer (88 HCC and 72 IBDC cases) over a median follow-up of 4.6 years (interquartile 

range, 3.9-5.3 years). Those who developed liver cancer during follow-up were more likely 

than those who did not develop liver cancer to be older, male, be from deprived areas, 

smoke, consume high level of alcohol, be obese, have diabetes, hypertension, angina, 

myocardial infarction, heart failure, stroke, cirrhosis, hepatitis, and use nitrates, aspirin, 

PPIs, and H2RA at baseline. Similarly, statin users tend to be older, male, previous 

smoker, be obese, have more comorbidities and use more other types of medications 

(Table 4.4).  

 

Overall, amongst 395,301 statin users 137 developed liver cancer and amongst 76,550 

statin non-users 45 developed liver cancer. In the unadjusted model, there was no 

significant association between statin use and risk of liver cancer (HR, 1.17; 95% CI, 0.83-

1.65) (Table 4.5). However, similar to that observed in the PCCIU analysis, in the fully 

adjusted model, statin use was associated with 36% lower risk of liver cancer (fully 

adjusted HR, 0.64; 95% CI, 0.39-1.07), although the association did not achieve statistical 

significance. The reduced risk was most marked for HCC (adjusted HR, 0.48; 95% CI, 

0.24-0.94) but not for IBDC (adjusted HR, 1.09; 95% CI, 0.45-2.64). No markedly 

different associations were observed by type of statins and risk of liver cancer but numbers 

of cases for statins other than simvastatin were small. 

 

Sensitivity analyses revealed that the reduced risk for liver cancer was largely apparent 

only after controlling for differences in prevalence of diabetes among cases and controls 

(HR adjusted only for diabetes, 0.73; 95% CI 0.49-1.08). Restricting analysis to high 

cholesterol showed a similar result to the main analysis. An inverse risk of liver cancer was 

observed in the diabetes group (HR 0.46, 95% CI 0.21-0.98). Similarly, a more marked 

statin association was observed in patients with liver diseases but the numbers were small 

(HR 0.36, 95% CI 0.08-1.62). However there was no evidence of an interaction after 

stratifying the statin association by cholesterol, diabetes, or liver diseases. In further 

analyses (Table 4.6) introducing a 2 year lag, the association between statins and liver 
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cancer risk was similar to the main analysis overall (adjusted HR 0.63, 95% CI 0.36-1.10) 

and when restricted to patients with HCC (adjusted HR 0.57, 95% CI 0.28-1.15). Finally, a 

sensitivity analysis not adjusting for high cholesterol revealed a slightly more marked 

inverse association between statin use and risk of liver cancer (adjusted HR 0.52, 95% CI 

0.33-0.80) and risk of HCC (adjusted HR 0.36, 95% CI 0.19-0.67). 
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Table 4. 4: Characteristics of statin users and non-users and liver cancer cases and comparators in UK 

Biobank 

 UK Biobank 

Non-users Statin users Liver cancer No liver cancer 

Number of individuals 395,301 76,550 182 471,669 

     

Age at baseline: 0-49 110,164 (27.8%) 4,663 (6.1%) 6 (3.3%) 114,821 (24.3%) 

                       50-59 139,194 (35.2%) 19,530 (25.5%) 59 (32.4%) 158,665 (33.6%) 

                       60-69 144,546 (36.6%) 51,622 (67.4%) 114 (62.6%) 196,054 (41.6%) 

                       70-79 1,397 (0.4%) 735 (1.0%) 3 (1.6%) 2129 (0.5%) 

                       80+ 0 0 0 0 

     

Male 170,485 (43.1%) 46,868 (61.2%) 114 (62.6%) 217,239 (46.1%) 

     

Deprivation:     

       1 (Least deprived) 80,811 (20.5%) 13,666 (17.9%) 27 (14.8%) 94,450 (20.0%) 

       2 79,621 (20.2%) 14,444 (18.9%) 35 (19.2%) 94,030 (20.0%) 

       3 79,142 (20.0%) 14,846 (19.4%) 41 (22.5%) 93,947 (19.9%) 

       4 79,116 (20.0%) 15,335 (20.0%) 40 (22.0%) 94,411 (20.0%) 

       5 (Most deprived) 76,101 (19.3%) 18,172 (23.8%) 39 (21.4%) 94,234 (20.0%) 

       Missing 510 (0.1%) 87 (0.1%) 0 (0.0%) 597 (0.1%) 

     

Smoking status
§
:      

        Never 224,084 (57.0%) 34,054 (44.8%) 65 (35.7%) 258,073 (55.0%) 

    Previous 127,621 (32.5%) 33,293 (43.8%) 87 (47.8%) 160,827 (34.3%) 

    Current  41,394 (10.5%) 8,659 (11.4%) 30 (16.5%) 50,023 (10.7%) 

    Missing 2,202 (0.6%) 544 (0.7%) 0 (0.0%) 2746 (0.6%) 

     

Comorbidities:     

        Diabetes 6,433 (1.6%) 17,414 (22.8%) 35 (19.2%) 23,812 (5.0%) 

        Hypertension 77,973 (19.7%) 47,092 (61.5%) 73 (40.1%) 124,992 (26.5%) 

        High cholesterol 7686 (1.9%) 49,655 (64.9%) 22 (12.1%) 57,319 (12.2%) 

        CHD/ angina 2,955 (0.8%) 11,936 (15.6%) 20 (11%) 14,871 (3.2%) 

        MI 1,686 (0.43%) 8,957 (11.7%) 15 (8.2%) 10,628 (2.2%) 

        CVA/ stroke 1,884 (0.5%) 4,247 (5.5%) 7 (3.9%) 6124 (1.3%) 

        Liver diseases
‡
  3,169 (0.8%) 522 (0.7%) 31 (17.0%) 3660 (0.8%) 

        GORD 14,728 (3.7%) 4,874 (6.4%) 6 (3.3%) 19,596 (4.2%) 
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Table 4.4 (continued): Characteristics of statin users and non-users and liver cancer cases and 

comparators in UK Biobank 

 UK Biobank 

 Non-users Statin users Liver cancer No liver cancer 

Other drug use:     

    Beta blockers 14,074 (3.6%) 18,884 (24.7%) 33 (18.1%) 32,925 (7.0%) 

    Metformin 2,854 (0.7%) 10,774 (14.1%) 20 (10.9%) 13,608 (2.9%) 

    NSAID 66,510 (16.8%) 10,331 (13.5%) 23 (12.6%) 76,818 (16.3%) 

    Aspirin 27,373 (6.9%) 37,425 (48.9%) 43 (23.6%) 64,755 (13.7%) 

    PPIs 30,687 (7.8%) 15,467 (20.2%) 40 (22.0%) 46,114 (9.8%) 

    H2RA 6,272 (1.6%) 2,230 (2.9%) 8 (4.4%) 8382 (1.8%) 

     

BMI:      

    Normal\under weight 141,940 (35.9%) 13,050 (17.0%) 47 (25.8%) 154,943 (33.1%) 

    Overweight 165,690 (41.9%) 33,662 (44.0%) 71 (39.0%) 199,281 (42.5%) 

    Obese 85,281 (21.6%) 29,314 (38.3%) 64 (35.2%) 114,531 (24.4%) 

    Missing 2,390 (0.6%) 524 (0.7%) 0 (0.0%) 2914 (0.6%) 

     

Alcohol consumption
§
     

Never 29,870 (7.6%) 8,031 (10.5%) 30 (16.5%) 37,871 (8.0%) 

< 1 day per week 88,535 (22.0%) 18,031 (23.6%) 40 (22.0%) 106,526 (22.6%) 

1-2 days per week 103,397 (26.2%) 18,138 (23.7%) 34 (18.7%) 121,501 (25.8%) 

3-4 days per week 92,946 (23.5%) 16,008 (20.9%) 36 (19.8%) 108,918 (23.1%) 

>4 days per week 79,328 (20.1%) 16,136 (21.2%) 42 (23.1%) 95,422 (20.2%) 

Missing 1,225 (0.3%) 206 (0.3%) 0 (0.0%) 1431 (0.3%) 

 

‡ 
Liver diseases includes cirrhosis, alcoholic and non-alcoholic fatty liver, and hepatitis. 

§ 
Alcohol and smoking consumption based upon questionnaire data in UK Biobank. 

Abbreviation: CHD, coronary heart disease; MI, myocardial infarction; CVD, cerebrovascular disease; 

CVA, cerebrovascular accident; GORD, gastro-oesophageal reflux disease; NSAID, nonsteroidal anti-

inflammatory drugs; PPIs, proton pump inhibitors; H2RA, histamine 2-receptor antagonist.
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Table 4. 5: The association between statins use and risk of liver cancer in UK Biobank. 

 

Statin users  Non-users  Unadjusted   Adjusted
†
 

Liver cancer, 

n 

Person-

years 

Liver 

cancer, n 

Person-

years 
HR (95% CI) 

P-value 
HR (95% CI) 

P-value 

         

Any liver cancer     cases=182  cases=182  

  Any statins 45 343402 137 1815464 1.17 (0.83, 1.65) 0.37 0.64 (0.39, 1.07) 0.09 

  Atorvastatin 9 79094 173 2079772 0.97 (0.50, 1.91) 0.94 0.59 (0.29, 1.21) 0.15 

  Fluvastatin 1 1119 181 2157747      6.84 (0.95, 48.93) 0.05  4.48 (0.61, 32.42) 0.13 

  Pravastatin 0 10116 182 2148390 - 1.00 - 1.00 

  Rosuvastatin 4 14250 178 2144616 2.49 (0.92, 6.73) 0.07 1.77 (0.64, 4.88) 0.26 

  Simvastatin 31 239125 151 1919741 1.14 (0.77, 1.69) 0.51 0.89 (0.56, 1.41) 0.63 

         

Hepatocellular carcinoma    cases=88  cases=88  

  Any statin 24 343402 64 1815464 1.30 (0.80, 2.10) 0.28 0.48 (0.24, 0.94) 0.034 

  Atorvastatin 7 79081 81 2079425 1.58 (0.72, 3.44) 0.24 0.81 (0.35, 1.87) 0.62 

  Simvastatin 14 239125 74 1919741 1.02 (0.57, 1.82) 0.95 0.65 (0.33, 1.20) 0.16 

         

         

Intrahepatic bile duct 

carcinoma 
   cases=72  cases=72  

  Any statin 17 343402 55 1815464 0.93 (0.52, 1.66) 0.80 1.09 (0.45, 2.64) 0.84 

  Atorvastatin 1 79081 71 2079425 0.26 (0.03, 1.89) 0.18 0.24 (0.03, 1.85) 0.17 

  Simvastatin 12 239125 62 1919741 1.10 (0.59, 2.08) 0.75 1.41 (0.63, 3.14) 0.38 



Page | 145  
 

†
 Model contains age at baseline, sex, deprivation, BMI, alcohol, smoking, comorbidities at baseline (including diabetes, hypertension, high cholesterol, angina, myocardial 

infarction, heart failure, stroke, peripheral vascular disease, cirrhosis, hepatitis, GORD, peptic ulcer disease) and other medication use at baseline (PPIs, H2RAs, NSAIDs, 

aspirin, beta-blockers, metformin)
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Table 4. 6: Sensitivity analysis for the association between statins use and risk of liver cancer in UK Biobank. 

 
Statin users  Non-users  Unadjusted Adjusted

†
 p for interaction 

Liver cancer, n Person-years Liver cancer, n Person-years HR (95% CI) HR (95% CI)  

Any liver cancer        

  Statins (main) 45 343402 137 1815464 1.17 (0.83, 1.65) 0.64 (0.39, 1.07)  

  Main analysis but excluding adjustment 

for cholesterol 
45 343402 137 1815464 1.17 (0.83, 1.65) 0.52 (0.33, 0.80)  

  Main analysis but excluding adjustment 

for diabetes  
45 343402 137 1815464 1.17 (0.83, 1.65) 0.72 (0.43, 1.20)  

  Main analysis but excluding adjustment 

for cholesterol and diabetes 
45 343402 137 1815464 1.17 (0.83, 1.65) 0.57 (0.36, 0.88)  

  Analysis adjusted only for cholesterol 

and diabetes 
45 343402 137 1815464 1.17 (0.83, 1.65) 0.98 (0.61, 1.58)  

        

Restricted by high cholesterol        

  High cholesterol group 19 221756 3 34784 0.78 (0.23, 2.64) 0.63 (0.18, 2.20) 0.98 

  Normal cholesterol group 26 121588 134 1780378 1.92 (1.25, 2.95) 0.60 (0.33, 1.06)  

        

Restricted by diabetes        

  Diabetes group 20 77580 15 28561 0.43 (0.22, 0.84) 0.46 (0.21, 0.98) 0.18 

  Non-diabetes group 25 265764 122 1786601 0.90 (0.58, 1.40) 0.72 (0.37, 1.41)  

        

Restricted by liver disease        

  Liver disease group 4 2357 27 14510 0.82 (0.28, 2.38) 0.36 (0.08, 1.62) 0.15 

  Non-liver disease group 41 340987 110 1800652 1.26 (0.87, 1.82) 0.71 (0.41, 1.23)  

Statins (2 year lag) 38 267281 113 1421425 1.18 (0.81, 1.73) 0.63 (0.36, 1.10)  
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Table 4.6 (continued): Sensitivity analysis for the association between statins use and risk of liver cancer in UK Biobank.  

 Statin users  Non-users  Unadjusted Adjusted
†
 p for interaction 

 Liver cancer, n Person-years Liver cancer, n Person-years HR (95% CI) HR (95% CI)  

Hepatocellular carcinoma        

   Statins (main) 24 343402 64 1815464 1.30 (0.80, 2.10) 0.48 (0.24, 0.94)  

  Main analysis but excluding adjustment 

for cholesterol 
24 343402 64 1815464 1.30 (0.80, 2.10) 0.36 (0.19, 0.67) 

 

  Main analysis but excluding adjustment 

for diabetes 
24 343402 64 1815464 1.30 (0.80, 2.10) 0.57 (0.28, 1.13) 

 

  Main analysis but excluding adjustment 

for  cholesterol and diabetes 
24 343402 64 1815464 1.30 (0.80, 2.10) 0.42 (0.22, 0.78) 

 

  Analysis adjusted only for cholesterol 

and diabetes 
24 343402 64 1815464 1.30 (0.80, 2.10) 0.77 (0.40, 1.45) 

 

        

Restricted by high cholesterol        

   High cholesterol group  8 221756 1 34784 0.94 (0.11, 7.57) 0.55 (0.06, 4.60) 0.74 

   Normal cholesterol group 16 121588 63 1780378 2.46 (1.40, 4.31) 0.48 (0.23, 1.02)  

        

Restricted by diabetes        

   Diabetes group  16 77580 12 28560 0.41 (0.19, 0.88) 0.44 (0.18, 1.03) 0.73 

   Non-diabetes group 8 265764 52 1786601   0.68 (0.32, 1.46) 0.49 (0.16, 1.48)  

        

Restricted by liver disease        

   Liver disease group 0 2357 3 14510 - - 0.12 

   Non-liver disease group 15 340987 54 1800652 0.98 (0.54, 1.75) 1.11 (0.45, 2.72)  

Statins (2 year lag) 24 267281 53 1421425 1.56 (0.95, 2.57) 0.57 (0.28, 1.15)  
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Table 4.6 (continued): Sensitivity analysis for the association between statins use and risk of liver cancer in UK Biobank. 

 Statin users  Non-users  Unadjusted Adjusted
†
 p for interaction 

 Liver cancer, n 
Person-

years 
Liver cancer, n 

Person-

years 
HR (95% CI) HR (95% CI) 

 

Intrahepatic bile duct carcinoma        

  Statins (main) 17 343402 55 1815464 0.93 (0.52, 1.66) 1.09 (0.45, 2.64)  

  Main analysis but excluding adjustment 

cholesterol 17 343402 55 1815464 0.93 (0.52, 1.66) 0.84 (0.42, 1.69) 

 

        

 

†
 Model contains age at baseline, sex, deprivation, BMI, alcohol, smoking, comorbidities at baseline (including diabetes, hypertension, high cholesterol, angina, myocardial 

infarction, heart failure, stroke, peripheral vascular disease, cirrhosis, hepatitis, GORD, peptic ulcer disease) and other medication use at baseline (PPIs, H2RAs, NSAIDs, 

aspirin, beta-blockers, metformin) 
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4.4 Discussion 

4.4.1 Main results 

Using data from two large independent population‐based studies, a consistent inverse 

relationship between use of statins and the risk of primary liver cancer was found, 

although this was only evident for HCC and not IBDC in the UK Biobank analysis. 

Compared with statin non-users, individuals with a history of any statin use had an 

over 35% lower risk of developing incident liver cancer. Importantly, the findings are 

evident in both study designs (similar results in case-control versus. prospective 

cohort were observed) and method of exposure ascertainment (similar results for self-

reported data versus prescription records were observed). However, the inverse 

association with statin use was slightly attenuated in sensitivity analyses which 

removed prescriptions in the period immediately prior to liver cancer diagnosis, 

suggesting potential reverse causation whereby cases were less likely prescribed 

statins due to their disease status.  

 

The current results from the PCCIU database nested case-control and UK biobank 

(particularly for HCC) studies are consistent with previous studies. A reduction of 

liver cancer risk in statin users has been observed in meta-analyses 
285,286,287

 with the 

most recent 
285

 observing a 54% reduction in liver cancer risk and a reduction of 14% 

in liver cancer risk per 50 daily defined doses.  The current study result from PCCIU 

database is similar to a previous study with the same study design in a UK 

population, that observed a reduced liver cancer risk in statins users and similarly, the 

association followed a dose response 
275

. However, the current results are an 

important addition to the literature as this previous UK-based study, unlike our UK 

Biobank analysis, the previous study was unable to verify cancer outcomes through 

cancer registries and was unable to examine associations by specific histological 

subtypes of liver cancer. Furthermore, in the previous study the authors categorised 

statin use into current (using statins in the year prior to the index date) and past use 

(last prescription more than one year from the index date)
275

. The authors report that 

current statin use decreased significantly risk of liver cancer while past statin use did 

not show any relationship with liver cancer risk, suggesting possible reverse 

causation.  
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In UK Biobank, the inverse association was less apparent after adjustment for 

cholesterol, which has been shown to reduce liver cancer risk 
288

, but very few 

previous studies have adjusted for cholesterol 
273

. For IBDC, the current study 

showed no significant association with use of statins. This is not consistent with the 

literature. Two previous case-control studies found consistently reduced risk for bile 

duct carcinoma (adjusted OR 0.87, 95% CI 0.75-1.01) 
289

 and cholangiocarcinoma 

(adjusted OR 0.80, 95% CI 0.71-0.90)
290

.  The difference in result between the 

current study and two previous studies could be explained partly by the limited 

number of IBDC cases in our database. Moreover, two previous studies investigated 

in cholangiocarcinoma in which extra- and intrahepatic bile duct carcinoma were 

combined, while the current study investigated specifically for IBDC, which 

therefore the results could be different.  

 

Statins can be classified into two groups hydrophilic or lipophilic depending on their 

tissue selectivity. Rosuvastatin and pravastatin are more hydrophilic, while 

atorvastatin, simvastatin, and fluvastatin are more lipophilic 
291

. The more lipophilic 

statins get more access to non-hepatic tissues, and the more hydrophilic statins are 

more hepatoselective
292

. The distinct role of lipophilic and hydrophilic statins on 

liver cancer has not been clarified yet. However, a study found that either lipophilic 

or hydrophilic statins had an inverse association with liver cancer 
275

. In the current 

current study only simvastatin had a protective association with liver cancer in 

PCCIU database, but this could reflect the much higher use of simvastatin in our 

data. Furthermore, it could not be excluded that a patient was prescribed different 

types of statins. Therefore, it is possible that the protective association observed in 

simvastatin also included the protective association of atorvastatin, because these two 

statins were the most commonly prescribed as recorded in PCCIU database (Table 

4.2). Furthermore, it is also possible that the simvastatin non-users could be users of 

other statin types, and if so the real estimate of simvastatin and liver cancer would be 

more reduced if other types of statins were not included in non-users group. In UK 

Biobank, the association of simvastatin and liver cancer was reduced but was not 
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statistically significant, possibly due to the limited number of liver cancer cases in 

both statin-users and non-users. 

 

The cause of the observed reduced risk of liver cancer in statin users is unknown. 

Nevertheless, some potential mechanisms for a protective effect of statins on cancer 

can be suggested. Statins have been shown to inhibit the production of mevalonate 

leading to a reduction in the growth and proliferation of neoplastic cells 
241

. Statins 

have also been shown to inhibit inflammation 
241

 and angiogenesis 
293

, which play a 

crucial role in carcinogenesis. Lastly, statins have been shown to induce apoptosis of 

abnormal cells by regulating the signaling pathways including the RAF-MEK-ERK 

pathway 
241

. A more specific look at mechanism of statins on liver cancer showed 

that statins might involve the ubiquinone inhibition, leading to the apoptosis of 

preneoplastic liver cells 
294

. Alternatively, the inverse associations could reflect 

confounding. High cholesterol is the main indication for statin treatment and has 

been shown to be inversely associated with risk of liver cancer 
288,295

. In analysis of 

the UK Biobank we adjusted for high cholesterol and the associations with HCC 

remained, but high cholesterol was based upon self-report and actual serum 

cholesterol levels were not available and therefore there remains the potential for 

residual confounding by cholesterol. Furthermore, although statins appear safe in 

patients with chronic liver disease 
296

, it is possible that patients with liver diseases 

may be less likely to be prescribed statins because of their potential hepatotoxicity 

297
. The current study adjusted for chronic liver diseases but information on liver 

function tests was not available, which are a known contraindication for statins 
298

, 

therefore confounding by liver function test results cannot be ruled out, as has been 

seen previously 
273

.   

 

Recently statins have been shown to have a protective association in chronic liver 

disease. A meta-analysis including 3 randomized controlled trials and 10 cohort 

studies found statins had favourable influence in hepatic decompensation, cirrhosis 

and fibrosis progression, variceal bleeding and portal hypertension progression 
299

. 

Furthermore, statins have been found to have beneficial evidence in NAFLD/NASH 

patients regarding to liver enzyme and ultrasonographic amelioration 
300

. These 
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favourable effects of statins were corroborated by findings from pre-clinical studies. 

Several studies suggested that statins inhibited myofibroblasts proliferation and 

collagen production, reducing liver fibrosis in rats
301

.  Statins also reduced portal 

pressure in cirrhotic rats contributing to decreased hepatic vascular resistance 
281

. 

Another study found statins reduced the size of fat drop area, and significantly 

decreased liver fibrosis development in non-alcoholic steatohepatitis rats 
302

.  This 

evidence from both epidemiological studies and pre-clinical studies support the role 

of statins in attenuating liver diseases and therefore potentially contributing to 

reduced liver cancer development.  

 

The reason for the observed inverse association in HCC but not in IBDC is unknown. 

Only one epidemiological study  which has investigated the association between 

statins and IBDC found no association between them
272

. However, a pre-clinical 

study conducted in human intrahepatic cholangiocarcinoma cells supported the anti-

carcinogenic effect of statins 
303

. This study found that lovastatin promoted the 

inhibition of proliferation of intrahepatic cholangiocarcinoma cells though the 

expression of integrin β3/β1 and LKB1 activation, both leading  to downstream 

biological activities inhibiting cancer cell growth, migration, and metastasis 
303

.  

 

 

4.4.2 Strengths  

This study has a number of strengths. First, in PCCIU database, information on the 

number of prescriptions, medication dose, and number of pills were available so any 

potential dose response relationship between statins and liver cancer could be 

investigated. Recall bias was limited because medication use was routinely recorded 

by GPs years. Second, in the UK Biobank, cases were identified by cancer registry 

therefore information of outcome was verified. Details of histological type of liver 

cancer were also provided allowing us to demonstrate that statins were only 

associated with a reduced incidence of HCC. While the medication use was based on 

self-report, the information was verified by a trained nurse. More importantly, in both 

datasets a wide range of covariates were adjusted including the main risk factors for 
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liver cancer (age, sex, BMI, smoking and alcohol consumption, comorbidities), 

indications and contraindications of statins (high cholesterol, chronic liver diseases), 

and medications previously shown to be associated with liver cancer risk (metformin 

304,305
, aspirin 

306
, beta-blockers 

307
, proton pump inhibitors and histamine-2 receptor 

antagonist 
308

).   

 

4.4.3 Limitations  

However, the current study has a number of limitations. Confounding by incomplete 

or unavailable confounders cannot be ruled out e.g. cholesterol and liver function 

tests as previously mentioned. Therefore, further studies should aim to collect 

detailed information on these variables. Furthermore, it cannot be sure that 

participants used the prescribed medications and previous studies have shown 

evidence of non-adherence to statin therapy regimes because of a lack of knowledge 

about their efficacy and concerns about side effects 
309

. However this bias seems 

more likely to drag associations to the null rather than to produce the inverse 

associations as observed. Moreover, as data on histological type of liver cancer was 

not available in PCCIU database the association of statin use with risk of HCC and 

IBDC were not be able to examine separately. A further potential limitation in the 

PCCIU study is that the current study adjusted for the most recent recorded lifestyle 

risk factors prior to cancer diagnosis, which could lead to inappropriate adjustment if 

these lifestyle risk factors changed due to a predisposing condition such as cirrhosis. 

Finally, the observed reduced risk of liver cancer in statin use could be confounded 

by aspirin use. Aspirin has been studied to have benefits in preventing liver cancer 

risk
306,310

, and aspirin is readily available as an over-the-counter medication, which 

would not have been accounted for in this analysis. In UK Biobank, data of number 

of prescriptions and number of DDDs were not available, therefore the dose response 

relationship could not be investigated. Moreover, the exposure of statins were 

collected based on self-report and verified by a trained nurse, however, 

misclassification could exist. Nevertheless, the estimate of statins and liver cancer 

risk are similar among PCCIU and UK Biobank databases, indicating that recall bias 

are less likely to affect the reported estimates in UK Biobank. Another potential 

limitation in UK Biobank is the confounding by indication. As some previous studies 
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showed that high cholesterol could be a protective factor for liver cancer, while high 

cholesterol is the main indication for statins, therefore, the inverse association with 

liver cancer risk observed in the current study could be confounded by cholesterol. 

However, a sensitivity analysis stratifying by self-report of cholesterol showed that 

the association of statins and liver cancer was similar between strata and similar to 

the main analysis. Finally, as similar to the limitation in PCCIU dataset, the 

decreased association of statins and liver cancer observed in UK Biobank could be 

confounded by aspirin use.  

 

4.4.4 Future research recommendation 

As pointed above, future studies should collect data of levels of cholesterol and liver 

enzymes and include them in the analysis of the association between statins and liver 

cancer risk. Furthermore, future laboratory studies should explore the underlying 

mechanism of favourable effect of statins on HCC.  

 

4.4.5 Conclusion 

In conclusion, results from two independent datasets showed a decreased risk of liver 

cancer associated with statin use, which was limited to the HCC subtype in one 

study. However, whether this inverse association reflects a true causal relationship 

remains unclear and requires further study. 
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Chapter 5
 

Coffee consumption by type and risk of 

liver cancer and other digestive cancers: A 

prospective study from UK Biobank 

 

  



Page | 156  
 

5.1 Introduction 

5.1.1 Coffee overview 

Coffee is one of the most commonly consumed beverages in the world. In 2018, 

world coffee production was 9.6 million tonnes around the world according to the 

International Coffee Organisation
311

. There are over 80 species of coffee however the 

two most economically important are Arabica coffee and Robusta coffee 
312

.  

 

5.1.2 Biochemical compounds of coffee 

Coffee contains a number of non-volatile compounds including caffeine, trigonelline, 

chlorogenic acid, and diterpenes.  

5.1.2.1 Caffeine 

Caffeine is a methylxanthine alkaloid which is responsible for the bitterness of 

coffee
313

. Caffeine contains adenosine receptor antagonist which inhibits the down 

regulation of the central nervous system
313

. A recently conducted randomised 

controlled trial showed increased alertness and overall mood and decreased tiredness 

and reduced frequency of headaches in a group receiving caffeinated coffee 

compared with placebo 
314

. However, caffeine has been associated with anxiety
315

 

and insomnia
316

.  Some effects of caffeine and health outcomes are presented in 

Figure 5.1
317

.  
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Outcome Impact of 

caffeine 

Comments 

Cognitive effects 
 

More effective in withdrawn and fatigued 

individuals 

Neurological 

disorders 
 

More pronounced benefits in women 

Pain relief 
 

Works along with other pain relievers to 

improve their effectiveness 

Cardiovascular 

function 
 

Dose-dependent effects on BP and HR. 

Harmful in cardiac patients 

Vascular system 
 

Caffeine causes vasoconstriction. Can 

increase risk for myocardial ischemia 

Reproductive effects 
 

High caffeine increases risk of miscarriage 

Congenital anomalies 
 

No clear association with caffeine 

Birth weight 
 

Negative correlation between caffeine intake 

and birth weight 

Lactation 
 

Could increase fussiness and impair sleep in 

infants 

Behavioral disorders  

in children 

 

Energy drink consumption is positively 

associated with negative behavioral 

outcomes 

Sleep disturbance 
 

Caffeine disrupts sleep in all populations 

studied 

Death 
 

Rare 

Cancer 
 

No clear association, but few studies 

Unstable bladder 
 

Primarily in women with preexisting bladder 

symptoms 

Drug Interactions 
 

Potential negative interactions with many 

medications 

Hydration and 

diuresis 
 

No clear relationship 

Arrows indicate whether caffeine increases, decreases, or has no impact on the 

outcome and the number of arrows indicates the strength of the relationship.  

Figure 5. 1: Summary of outcome measures investigated
317
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The European Food Safety Authority Panel has recently reported on recommended 

levels of caffeine intake.  They stated that caffeine consumption of up to 400mg per 

day (approximately 4 cups of coffee per day) does not raise any health risks 
318

, but 

pregnant woman, are recommended to not exceed 200mg caffeine per day
318

.  

 

5.1.2.2 Trigonelline 

Trigonelline is an alkaloid. Animal studies have suggested that trigonelline has 

potential antidiabetic activity as trigonelline has been shown to reduce risk of 

diabetic peripheral neuropathy in rats
319

. Furthermore, in a cross-over trial 

trigonelline was shown to reduce levels of glucose and insulin concentration 
320

. 

Trigonelline has also been shown to have an antioxidant effect. A study found that 

diabetic rats treated with trigonelline had increased antioxidant enzymes and 

decreased lipid peroxidation
321

.  

 

5.1.2.3 Chlorogenic acid 

Chlorogenic acid (CGA) is the main phenolic compound in coffee. It contributes to 

the astringency and acidity of coffee
313

. CGA has been shown to have effects on a 

wide range of diseases. For instance, a meta-analysis of randomized controlled trials 

showed that CGA  moderately reduced both systolic and diastolic pressure in the 

treatment group compared to the placebo
322

. CGA is also been shown to modulate 

lipid and glucose metabolism. Studies in mice revealed that CGA inhibits fat 

absorption and activates fat metabolism in the liver, lowering triglyceride and 

cholesterol in blood and mice organs
323

. CGA is also known to have antioxidant and 

anti-inflammatory properties, and has a diverse antiviral activity protecting against 

hepatitis B infection 
324

, reducing the risk of developing neurodegenerative 

diseases
325

, and regulating apoptosis of cancer cells
326

. 
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5.1.2.4 Cafestol and kahweol 

Cafestol and kahweol are diterpenes, responsible for coffee oil. These two diterpenes 

have been believed to increase serum lipid
327

. Their content depends on brewing 

methods in which boiled coffee has been shown to retrieve the highest amount of 

them
328329

. However, cafestol and kahweol have been shown to have beneficial 

effects in peripheral antinociception
330

, to induce apoptosis in malignant pleural 

mesothelioma
331

, and to have anti-angiogenesis effects in cancer development
332

.  

 

5.1.3 Difference in coffee constituents by coffee production  

Coffee constituents vary depending on coffee species (for example, Robusta or 

Arabica), roasting degree, coffee type (for example, ground, decaffeinated, or 

instant), and brewing methods for ground coffee (for example, Turkish, espresso, 

filter, French press).  

 

5.1.3.1 By roasting degree 

The roasting process alters coffee constituents depending on roasting temperature 

and roasting time. A study showed that higher roasting temperature appreciably 

degrades caffeoylquinic acids, a subgroup of chlorogenic acid
333

. However, caffeine 

content is stable regardless of roasting temperature 
333

. Roasting degree also affects 

content of cafestol and kahweol which have been shown to gradually decrease along 

with increased roasting temperature 
334

. 

 

5.1.3.2 By coffee types and brewing methods 

Coffee is most commonly consumed from ground coffee (e.g. filter, espresso, French 

press) or as instant coffee (in which brewed coffee  is dehydrated before 

packaging
313

), or decaffeinated coffee. For example, a report from UK found that 

instant coffee was the most common coffee type with £810 million in turnover in 

2017, followed by fresh ground coffee with £214 million and decaffeinated coffee 

with £127 million in turnover
335

. 
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A laboratory study compared the total phenolic content and antioxidant capacity 

among ground coffee and instant coffee. The results showed that instant coffee has 

the highest total phenolic content and antioxidant capacity, followed by decaffeinated 

instant coffee, and ground coffee has the lowest
336

. In ground coffee, different 

brewing methods (Turkish, espresso, or filter coffee) also had an effect on total 

phenolic content and antioxidant capacity
336

.  

Another laboratory study compared coffee components between instant and filter 

coffee. In one study which used 7g of coffee to produce 50ml of instant and filter 

coffee, a higher caffeine content was observed in the instant compared with the filter 

coffee 
337

. Similarly, instant coffee has been shown to contain highest levels of total 

flavonoids, chlorogenic acids, and antioxidant capacity compared with filter coffee 

337
. 

Adding milk to coffee has been shown to reduce the antioxidant capacity of coffee. 

Results from the above laboratory study
337

 showed that adding milk to any type of 

coffee (ground, instant, or decaffeinated coffee) reduced their antioxidant capacity. 

Protein from milk might combine with polyphenols in coffee and inactivate their 

antioxidant capacity
337

.  

 

5.1.4 Acrylamide in coffee 

Acrylamide, though not a coffee constituents, is produced in the coffee roasting 

progress by the reaction between amino acids and reduced sugar at high 

temperature
338

. In 1994 acrylamide was  classified by the International Agency for 

Research on Cancer (IARC) as group 2A probable human carcinogen
339

. The main 

sources of dietary acrylamide are bread, coffee, fried potatoes, biscuits, and 

cookies
340

. Smoking tobacco is also a source of acrylamide
341

. The most up-to-date 

systematic review and meta-analysis
342

 investigated the association between dietary 

acrylamide intake and various cancer sites including oral and pharynx, oesophagus, 

stomach, colorectum, pancreas, larynx, lung, breast, endometrium, ovary, prostate, 

bladder, kidney, and lymphoid malignancies. The pooled results showed that dietary 

acrylamide was not significantly associated with any type of cancer
342

. Further 

analysis stratified by smoking status showed similar results, except for the risk of 
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endometrial cancer with higher acrylamide consumption which was increased in 

never smokers (RR 1.23, 95% CI 1.00, 1.51)
342

.  

Some studies have investigated the amount of acrylamide among different types of 

coffee and showed inconsistent results. A study found that the amount of acrylamide 

in instant coffee is comparable to ground coffee prepared by filter or French press (8 

± 2 µg/l, 8 ± 3 µg/l, and 9 ± 3 µg/l, respectively)
343

. Another study showed that 

instant coffee has a lower amount of acrylamide compared to ground coffee, with 

acrylamide content ranges 0.42-1.34 µg/300ml for instant coffee and 1.77-3.24 

µg/300ml for ground coffee
344

. In contrast, another study found that acrylamide 

content in instant coffee was higher than ground coffee (0.93 ± 0.49 µg/160ml and 

0.45 ± 0.21 µg/160ml, respectively)
338

. The inconsistent results of amount of 

acrylamide in previous studies could be explained by different coffee types (higher 

amount of acrylamide in Robusta than Arabica), by roasting degree and roasting time 

(higher acrylamide produced in lighter roasting in a short time), and by different 

storage condition
345

. 

 

5.1.5 Coffee and metabolic diseases 

5.1.5.1 Type 2 diabetes 

Coffee has been shown to decrease the risk of Type 2 diabetes in a recent meta-

analysis of twenty-nine prospective observational studies. The risk was shown to be 

reduced by 30% (HR=0.71, 95% CI 0.67, 0.76
346

) in individuals consuming 5 or 

more cups per day in comparison with non-users
346

. For every cup increase, the 

relative risk was 0.94 (95% CI 0.93, 0.95). There was a similar pattern of Type 2 

diabetes risk between caffeinated and decaffeinated coffee, for example, for every 

cup increase the risk of Type 2 diabetes decreased by 7% in caffeinated users and by 

6% in decaffeinated users.
346

.  

5.1.5.2 Cardiovascular diseases and strokes 

High serum lipid levels are known to be a strong risk factor of cardiovascular 

diseases
347

. A meta-analysis of randomized-controlled trials showed  that coffee 

consumption increased serum lipids
348

. Coffee users of 2.4-8.0 cups per day had an 
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average increased 8.1 mg/dl for total cholesterol (p<0.001) compared to a non-coffee 

control group. This meta-analysis also found this increase was observed in  

caffeinated coffee users but not in decaffeinated coffee users, compared to the control 

group
348

. 

However, coffee has been shown to be inversely associated with cardiovascular 

diseases. A recent meta-analysis pooled the results from prospective studies to 

investigate the association between long-term coffee consumption and risk of 

cardiovascular diseases and stroke. This study showed that the risk of cardiovascular 

disease was reduced in people consuming an average of 3 cups per day (RR 0.85, 

95% CI 0.80, 0.90) compared with no coffee consumption, but not in people 

consuming an average of 5 cups per day (RR 0.95, 95% CI 0.87, 1.03) 
349

. A similar 

pattern was observed for the risk of stroke in which 3 cups, but not 5 cups, of coffee 

per day were associated with reduced relative risk estimates of  0.80 (95% CI 0.75, 

0.86) and 0.95 (95% CI 0.84, 1.07), respectively
349

.   

 

5.1.6 Coffee and liver diseases 

5.1.6.1 Non-alcoholic fatty liver disease 

Non-alcoholic fatty liver disease is a condition in which hepatocellular cells are 

accumulated by fat that can lead to simple steatosis without hepatic inflammation or 

non-alcoholic steatohepatitis (NASH) with hepatic inflammation
350

. The majority of 

patients non-alcoholic fatty liver disease have simple steatosis, however, up to 30% 

of simple steatosis patients can develop to NASH
351

.  

The most up-to-date meta-analysis including five observational studies showed a 

significant reduction in non-alcoholic fatty liver disease (NAFLD) in coffee users 

compared to non-users (RR 0.71, 95% CI 0.60, 0.85)
352

. This study also observed 

that NAFLD patients who drank coffee had a lower risk of liver fibrosis than who did 

not. However, another meta-analysis revealed no association between caffeine 

consumption and NAFLD
353

.  
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5.1.6.2 Steatosis 

The effect of coffee on liver steatosis is unclear. A cross-sectional study in 

approximately 1,000 Japanese male workers found that coffee consumption 

decreased the risk of liver steatosis and that association followed a dose response 

relationship
354

. However, another cohort study found no association between coffee 

consumption and liver steatosis
355

.  

 

5.1.6.3 Cirrhosis 

A number of studies have shown a protective effect of coffee consumption on 

cirrhosis. For instance, among high alcohol consumers who were defined as 

consuming greater than 4 alcohol units per day, people who had high coffee intake 

had a reduced risk of liver fibrosis compared to people who had low coffee intake 

(OR 0.14, 95% CI 0.03, 0.64)
356

. Another study among hepatitis C patients found that 

drinking 1 or more cups of coffee per day was associated with a reduced risk of liver 

fibrosis (OR=0.76, 95% CI 0.57, 1.00) compared to non-coffee drinkers 
357

. Finally, a 

pooled estimate from a meta-analysis showed a 44% reduced risk of cirrhosis with a 

daily increase of two cups of coffee (pooled RR=0.56; 95% CI 0.44, 0.68)
358

.  

 

5.1.7 Coffee and liver cancer 

Studies have consistently shown a reduced risk of liver cancer with coffee 

consumption. Analyses of liver cancer in the WCRF in 2018 included eight cohort 

studies and found a reduced risk of liver cancer per cup increase in coffee per day 

(RR 0.86, 95% CI 0.81, 0.90)
78

.  

A meta-analysis of thirteen prospective cohort studies found a reduced risk of liver 

cancer in the highest coffee consumption category compared with the lowest one (RR 

0.53, 95% CI 0.41, 0.69)
79

. This inverse association followed a dose-response 

relationship. Subgroup analysis showed that caffeinated coffee consumption was 

associated with a significantly decreased risk of liver cancer (RR 0.65, 95% CI 0.49, 

0.86) but decaffeinated consumption was not (RR 0.85, 95% CI 0.63, 1.14)
79

.  
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Only one study has investigated the association between coffee consumption and risk 

of intrahepatic bile duct carcinoma. This study pooled data from nine cohorts 

consisting of over 1,200,000 individuals found no association with intrahepatic bile 

duct carcinoma either in caffeinated (HR 0.91, 95% 0.60, 1.37) or decaffeinated 

coffee (HR 0.95, 95% CI 0.59, 1.53)
359

.  

 

5.1.8 Coffee and other digestive cancer 

A number studies have been conducted investigating the association between coffee 

consumption and the risk of other digestive cancer.  

 

5.1.8.1 Oesophagus cancer 

The most up-to-date meta-analysis included 11 observational studies and found no 

association between coffee consumption and risk of oesophagus cancer. Highest 

coffee consumption showed no association with risk of oesophagus cancer compared 

to lowest coffee consumption (OR 0.93, 95% CI 0.73, 1.12)
360

. Analysis by 

histological type of oesophagus cancer also showed no association with coffee 

consumption either in oesophageal squamous cell carcinoma (OR 0.87, 95% CI 0.67, 

1.08) or oesophageal adenocarcinoma (OR 1.15, 95% CI 0.88, 1.42)
360

. 

 

5.1.8.2 Gastric cancer  

Two meta-analyses in 2016 reached similar findings for the pooled association 

between coffee consumption and gastric cancer. One of them which included six 

cohort studies showed no association with gastric cancer in the highest coffee 

consumption category compared with the lowest (RR 0.84, 95% CI 0.66, 1.07)
361

. 

The other meta-analysis of thirteen prospective cohort study initially showed an 

increase in gastric cancer risk in the highest coffee consumption category compared  

with the lowest (RR 1.16, 95% CI 1.03, 1.32)
362

. However, after adjusting for 

smoking and alcohol, which are known risk factors of gastric cancer
363

, the increased 

risk was attenuated (adjusted for smoking, RR 1.05, 95% CI 0.91, 1.21; adjusted for 

alcohol, RR 1.15, 95% CI 0.99, 1.34)
362

. 
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5.1.8.3 Small intestinal cancer 

A limited number of studies have investigating the association between coffee and 

cancer of the small intestine. In 1999 a case-control study including 23 small 

intestine adenocarcinoma cases and 230 controls, showed no association between 

cancer risk and drinking more than two cups per day compared with less than one 

cup per day (OR 0.37, 95% CI 0.10, 1.34)
364

.  

 

5.1.8.4 Colorectal cancer 

The World Cancer Research Fund (WCRF) included fourteen cohort studies in their 

analysis of coffee and colorectal cancer and showed no increase in colorectal cancer 

risk per one cup increase in coffee per day (RR 1.00, 95% CI 0.99, 1.02)
365

.  

Similarly, the most up-to-date meta-analysis of twenty-six prospective studies found 

no association between coffee consumption and risk of colorectal cancer (RR 0.96, 

95% CI 0.88, 1.03)
366

. When stratified into subgroups, only US studies showed a 

decreased risk (0.83, 95% CI 0.72, 0.95) while EU and Asian studies showed no 

association. Furthermore, only decaffeinated was inversely associated with colorectal 

cancer (RR 0.88, 95% CI 0.78, 0.97) but caffeinated was not (RR 0.96, 95% CI 0.77, 

1.17)
366

.  

 

5.1.8.5 Biliary tract cancer 

There is limited evidence of the relationship between coffee consumption and risk of 

biliary tract cancer. Two studies investigated their relationship but showed 

contrasting results. 

One prospective cohort study of approximately 73,000 Swedish adults did not find 

any association between coffee consumption and risk of total extra biliary tract 

cancer (including gall bladder, ampulla of Vater, and extra hepatic bile duct) 

(adjusted HR 0.78, 95% CI 0.45, 1.36)
367

. However, an inverse association was found 

between coffee consumption and gall bladder cancer.  Specifically, for every one cup 
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per day gall balder risk was reduced by 14% (adjusted HR=0.86 95%CI 0.74, 

1,00)
367

.  

However, another prospective cohort study in 90,000 Japanese population did not 

show any relationship between coffee consumption and risk of total biliary tract 

cancer or risk of histological subgroups (gall bladder or extraheptic bile duct).  

 

5.1.8.6 Pancreatic cancer 

The most up-to-date meta-analysis of ten prospective cohort studies found no 

association between coffee consumption and risk of pancreatic cancer
368

. The highest 

category of coffee consumption was not associated with a risk of pancreatic cancer 

compared to the lowest category (RR 1.08, 95% CI 0.94, 1.25). Neither caffeinated 

nor decaffeinated coffee was associated with risk of pancreatic cancer
368

.  

 

5.1.9 Potential mechanism between coffee constituents and cancer 

Coffee constituents have been shown to have direct or indirect effects on different 

mechanisms involved in carcinogenesis. 

Nuclear factor erythroid-2 like 2 factor (Nrf2)
369

 is an important element that 

regulates the production of proteins involved in antioxidant defence, detoxification, 

protein degradation, and inflammation. Coffee constituents including chlorogenic 

acid and kaweol have been shown to stimulate Nrf2 activity
370

,  which could 

contribute to any protection against cancer. 

DNA damage causes mutations leading to the proliferation of mutant cells and 

carcinoid tumours
371

. Coffee has been shown to prevent DNA damage and therefore 

could have a potential chemopreventive effect. A recent experimental study isolated 

lymphocytes from eight human volunteers and showed that coffee consumption 

reduced DNA damage caused by reactive oxygen radicals
372

. Another experimental 

study in hepatoma cells lines showed that coffee diterpenes (cafestol and kahweol) 

reduced by 50% the genotoxicity via inhibition of sulfotransferase 
373

.  
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Inflammation is another pathway by which coffee could influence cancer 

development. A cross-sectional study found that coffee consumption was associated 

with a decreased risk of inflammation based upon inflammatory biomarkers such as a 

significant increase in adiponectin and a significant decrease in leptin and high 

sensitivity C-reactive protein
374

. Adiponectin is a hormone which is associated with 

inflammation, and plasma levels have been shown to be low in critically ill 

patients
375

. Meanwhile, leptin is an adipocyte-derived hormone which is highly 

correlated with chronic inflammatory diseases
376

.  

Furthermore, coffee or coffee constituents like caffeine have been shown to attenuate 

liver fibrosis. In a rat model with liver cirrhosis, rats treated with caffeine had a 

significant lower level of periportal inflammation and inflammatory cells compared 

to control group
377

. Another experimental study on rats found either type of coffee 

(ground of decaffeinated) reduced significantly levels of alanine aminotransferase, 

inflammation score, and transforming growth factor β-1 in rats with liver injury
378

.  

Caffeine has also been shown to inhibit angiogenesis via inactivating hypoxia-

induced vascular endothelial growth factor and IL8 expression
379

 which are two 

essential elements of tumour angiogenesis.  

Finally, coffee has been showed to inhibit metastasis. Enzyme matrix 

metalloproteinases secreted by tumour cells facilitate metastasis by decomposing the 

membrane surrounding the tumour, and therefore allowing tumour cells to migrate to 

other organs
380

. Caffeic acid has been showed in an experimental study to inhibit 

matrix metalloproteinases and hence suppress the metastasis of hepatocellular cells in 

mice
380

. Another key factor that contributes to metastatic process is adhering to 

vascular endothelium of tumour cells via cell adhesion molecules
369

. The coffee 

diterpene, kahweol, was found to inhibit the adhesion of TNFα-induced monocytes to 

endothelial cells, therefore down-regulating the interaction of cell adhesion 

molecules on endothelial cells
381

.  

In general, these pre-clinical studies have shown that coffee constituents are related 

to anti-inflammation, reduction of oxidative stress and DNA damage, inhibition of 

angiogenesis and metastasis, which therefore possibly contribute to anti-

carcinogenesis process.  
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In summary, various mechanisms by which coffee can impact upon carcinogenesis 

are shown in figure 5.2. 

 

 

Figure 5. 2: Coffee and cancer development
369

 

Permission to reuse the figure is granted by John Wiley and Sons 

 

5.1.10 Rationale and Aim 

As described above, different types of coffee are known to incorporate different 

coffee components, which in turn could be hypothesised to have different magnitudes 

of effect on risk of diseases, such as digestive cancers. Nevertheless, there have not 

been any studies that have investigated cancer risk separately in instant coffee or 

ground coffee apart from one study of colorectal cancer
382

. Furthermore, few of the 

original studies investigated a range of digestive cancers within the same cohort. It is 

also helpful to have a comparison of liver cancer risk and other digestive cancer in 

the relationship with coffee consumption within the same cohort, to investigate if this 

is truly a liver-specific association, given that many of the proposed anti-

carcinogenic mechanism of coffee are generic. Besides, evidence from pre-clinical 
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studies suggests protective effect of coffee constituents against carcinogenesis. 

Therefore, the aim of this chapter was to investigate the association between coffee 

consumption and the risk of a range of digestive cancer by type of coffee 

(decaffeinated, instant or ground) within a large UK cohort.  
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5.2 Methods 

5.2.1 Data source 

The UK Biobank data source is described in detail in Methods section of Chapter 3. 

 

5.2.2 Study design 

A prospective cohort study was conducted among participants in the UK Biobank. 

Patients with liver cancer and other digestive cancer were identified using cancer 

registry records (based upon International Classification of Diseases 10 (ICD 10) 

codes : liver C22 including hepatocellular carcinoma C22.0 and intrahepatic bile duct 

C22.1; oesophagus C15 including oesophageal squamous cell carcinoma and 

oesophageal adenocarcinoma; stomach C16; small intestine C17; colon C18; rectal 

and anal cancer including rectosigmoid junction cancer C19, rectum cancer C20, and 

anal cancer C21; gall bladder and extrahepatic bile duct C23-C24; pancreas C25 up 

to September 30, 2014. Participants with a cancer diagnosis prior to baseline or in the 

year after baseline were excluded (to avoid reverse causation). Consequently, cohort 

participants were followed from one year after baseline until the date of cancer 

diagnosis or censoring (on the earliest of the date of death, date of other cancer, or 

September 30, 2014).  

 

5.2.3 Data collection 

Exposure of interest 

Coffee consumption variables were assessed via a self-report questionnaire at the 

baseline of the study. Participants were asked about their average intake of coffee in 

last year: ―How many cups of coffee do you drink each day‖, and the most common 

type of coffee consumed (with options for decaffeinated, instant, ground, or other 

type).  

Covariates 

Covariates were determined from patient interview or touch screen at baseline. These 

included age, sex, education (highest qualification achieved), Townsend deprivation 
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scores (a socio-economic measure based on area of residence)
284

, and comorbidities 

(high cholesterol, diabetes, hypertension, angina, myocardial infarction, stroke, 

peptic ulcer disease, hepatitis, cirrhosis, and gallstones). Lifestyle factors including 

physical activity (metabolic equivalents (METs) score was calculated based on the 

number of days per week with more than 10 minutes of walking, moderate or 

vigorous physical activity)
383

, fruit and vegetable intake (portions per day), tea intake 

(number of cups per day), smoking status (never smoker, previous smoker or current 

smoker) and alcohol consumption (never, <1 day per week, 1-2 days per week, 3-4 

days per week or >4 days per week) were also ascertained. Body mass index (BMI) 

in kg/m2 (categorized as under or normal weight [<25], overweight [25 to <30], or 

obese [30 or higher]) was calculated from height and weight measurements recorded 

at baseline by trained research staff.  

 

5.2.4 Statistical analysis 

Categorical characteristics were compared by coffee consumption (yes/no) using 

Chi-square tests. The UK Biobank cohort was analysed using Cox regression with 

age as the underlying time scale (individuals were considered at risk from birth and 

under observation from age at baseline, left truncated) to calculate hazard ratios (HR) 

and 95% confidence intervals (CI) for coffee use and risk of liver cancer and other 

digestive cancers, as well as by individual cancer type. Dose-response analyses were 

conducted by the number of cups of coffee intake (0, 1-2, 3-4, and ≥ 5) and per cup 

increase. In adjusted analyses the model contained age at baseline, sex, deprivation, 

education, BMI, alcohol, smoking, fruit and vegetable intake, tea intake, physical 

activity and comorbidities at baseline (including high cholesterol, hypertension, 

diabetes, angina, myocardial infarction, stroke, peptic ulcer disease, hepatitis, 

cirrhosis, and gallstones). Likelihood ratio tests were used to test for heterogeneity in 

the risk of cancer by coffee type, and in this comparison non-users of coffee were 

excluded. Tests for differences in the association between coffee consumption and 

cancer risk by sex, BMI categories, alcohol consumption, and smoking status were 

conducted for hepatocellular carcinoma (HCC) by including interaction terms within 

Cox regression models.   
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Sensitivity analyses were performed for every site of digestive cancer and all 

digestive cancers by repeating the analyses starting follow-up at 2 years after 

baseline (to remove cancers within 2 years which could have influenced coffee 

consumption at baseline). A separate analysis was conducted for the association 

between coffee intake and risk of digestive cancer additionally adjusting for a more 

detailed smoking status (never smoker, previous smoker [years of cessation more 

than 20, 10 to 20, and less than 10 years] or current smoker [less than 10 cigarettes, 

10-20 cigarettes, and more than 20 cigarettes per day]).  

 Figures were drawn to visualize the associations between coffee type and dose 

response patterns with liver cancer and other digestive cancers. 
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5.3 Results 

5.3.1 Main analysis 

A total of 471,779 participants were included in the study, following the exclusion of 

30,839 participants with a previous history of cancer prior to baseline or in the year 

after baseline. Within the cohort, 365,157 participants (77.4%) reported drinking 

coffee, 104,465 participants (22.1%) reported they did not drink coffee, and in 2,157 

participants (0.5%) coffee consumption could not be determined. Among coffee 

drinkers, the type of coffee most frequently consumed was instant coffee (42.8%), 

followed by ground coffee (17.6%), decaffeinated coffee (14.7%), and other types 

were reported by 1.4% of participants.  

Table 5.1 shows the baseline characteristics of participants by coffee consumption. 

People who drank coffee, compared with those who did not, were more likely to be 

older, male, from less deprived areas and have higher education levels. They were 

also more likely to be previous or current smokers, consume higher levels of alcohol, 

have high cholesterol, and were less likely to have diabetes, cirrhosis, gallstones, and 

peptic ulcer compared with non-coffee drinkers.  
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Table 5. 1: Baseline characteristics by coffee consumption within UK Biobank 

Characteristics Coffee use  

 No Yes p value 

N 104 465 (22.1%) 365 157 (77.4%)  

    

Age at baseline (years): 0-49 29 969 (28.7%) 84 182 (23.1%)  

                                   50-59 36 583 (35.0%) 121 413 (33.2%)  

                                   60-69 37 513 (35.9%) 157 846 (43.2%) <0.001 

                                   70+ 400 (0.4%) 1716 (0.5%)  

    

Male 44 004 (42.1%) 172 206 (47.2%) <0.001 

    

    

Deprivation:  1 (Least deprived) 17 825 (17.1%) 76 482 (20.9%)  

                       2 18 848 (18.1%) 75 006 (20.5%)  

                       3 19 880 (19.0%) 73 840 (20.2%) <0.001 

                       4 21 945 (21.0%) 72 053 (19.7%)  

                       5 (Most deprived) 25 828 (24.7%) 67 325 (18.4%)  

                       Missing 139 (0.1%) 451 (0.1%)  

    

   Education: College or university degree 27 872 (26.7%) 124 155 (34.0%)  

   A level/AS level or equivalent 10 880 (10.4%) 41 252 (11.3%)  

   O level/GCSEs or equivalent 22 221 (21.3%) 76 381 (20.9%)  

   CSEs or equivalent 6963 (6.7%) 18 690 (5.1%) <0.001 

   NVQ or HND or HNC equivalent 7348 (7.0%) 23 358 (6.4%)  

   Other professional qualifications 5113 (4.9%) 18 800 (5.1%)  

   None of the above 21 679 (20.7%) 56 480 (15.5%)  

   Missing 2389 (2.3%) 6041 (1.7%)  

    

BMI: Normal\under weight 34 646 (33.2%) 119 867 (32.8%)  

          Overweight 42 406 (40.6%) 156 214 (42.8%) <0.001 

          Obese 26 636 (25.5%) 87 349 (23.9%)  

          Missing 777 (0.7%) 1727 (0.5%)  

    

Smoking status: Never 61 572 (58.9%) 195 888 (53.6%)  

                        Previous 32 229 (30.8%) 128 414 (35.2%) <0.001 

                        Current  10 235 (9.8%) 39 574 (10.8%)  

                        Missing 429 (0.4%) 1281 (0.4%)  
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Table 5.1 (continued): Baseline characteristics by coffee consumption within UK Biobank 

Characteristics Coffee use  

 No Yes p value 

N 104 465 (22.1%) 365 157 (77.4%)  

Alcohol consumption    

    Never 15 214 (14.6%) 22 324 (6.1%)  

< 1 day per week 29 697 (28.4%) 76 527 (20.9%)  

1-2 days per week 25 970 (24.9%) 95 315 (26.1%) <0.001 

3-4 days per week 18 424 (17.6%) 90 390 (24.8%)  

>4 days per week 15 045 (14.4%) 80 321 (22.0%)  

Missing 115 (0.1%) 280 (0.1%)  

    

    

Fruit & vegetable intake    

   <2.5 portions per day 22 939 (21.9%) 68 417 (18.7%)  

    2.5-5 portions per day 39 898 (38.2%) 149 040 (40.8%) <0.001 

    >=5 portions per day 38 251 (36.6%) 138 186 (37.8%)  

    Missing 3377 (3.3%) 9514 (2.6%)  

    

    

Physical activity:      Low 14 539 (13.9%) 47 718 (13.1%)  

                                  Moderate 31 313 (30.0%) 119 318 (32.7%)  

                                  High 32 617 (31.2%) 116 169 (31.8%) <0.001 

                                  Missing  25 996 (24.9%) 81 952 (22.4%)  

    

Comorbidities: High cholesterol 12 172 (11.7%) 44 859 (12.3%) <0.001 

                         Diabetes 5763 (5.5%) 17 856 (4.9%) <0.001 

                         Hepatitis 520 (0.5%) 1856 (0.5%) 0.45 

                         Cirrhosis 129 (0.12%) 348 (0.10%) 0.041 

                         Gallstones 1775 (1.70%) 5700 (1.56%) 0.002 

                         Peptic ulcer 1599 (1.5%) 4090 (1.1%) <0.001 

    

Abbreviation: BMI, Body mass index; CSE, Certificate of Secondary Education; GCSE: General 

Certificate of Secondary Education; HNC: Higher National Certificate; HND: Higher National 

Diploma; NVQ: National Vocational Qualification 
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Over 7.5 years of follow-up, 3,567 digestive cancer cases were detected. The 

associations between any type of coffee consumption and risk of specific digestive 

cancers are presented in Table 5.2 and figure 5.3.  

There was little evidence of an association between coffee consumption and liver 

cancer overall before or after adjustment (adjusted HR 0.97, 95% CI 0.89, 1.05). By 

histology, there was a reduced risk of HCC following adjustment for confounders 

(per cup increase, adjusted HR 0.87, 95% CI 0.76, 1.01). This association was not 

observed for intrahepatic bile duct carcinoma (per cup increase, adjusted HR 1.00, 

95% CI 0.88, 1.14). 

There was some evidence of an increased risk of oesophageal cancer with coffee 

consumption before adjustment for confounders (per cup increase, unadjusted HR 

1.07, 95% CI 1.03, 1.10, p for trend<0.001) but after adjustment this was attenuated 

(adjusted HR 1.03, 95% CI 0.98, 1.07). There appeared to be slightly more evidence 

of an association for oesophageal squamous cell carcinoma (per cup increase, 

adjusted HR 1.08, 95% CI 1.02, 1.16) compared with oesophageal adenocarcinoma 

(adjusted HR 1.00, 95% CI 0.93, 1.07). 

After adjustment for confounders, there was little evidence of an association between 

coffee consumption and gastric (per cup increase, adjusted HR 1.03, 95% CI 0.97, 

1.09), small intestine (per cup increase, adjusted HR 1.02, 95% CI 0.90, 1.17), colon 

(per cup increase, adjusted HR 0.97, 95% CI 0.93, 1.01), and rectal and anal cancer 

(per cup increase, adjusted HR 1.00, 95% CI 0.96, 1.04).  

Further analysis did not reveal any evidence of an association between coffee 

consumption and risk of gall bladder and extrahepatic bile duct carcinoma (per cup 

increase, adjusted HR 1.06, 95% CI 0.97, 1.15) or pancreatic cancer (per cup 

increase, adjusted HR 1.02, 95% CI 0.97, 1.06). 

Finally, overall there was no evidence of an association between coffee consumption 

and digestive cancer before or after adjustment for confounders (per cup increase, 

adjusted HR 1.00, 95% CI 0.98, 1.02).  
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Table 5. 2: The association between coffee intake by number of cups per day and liver cancer and other digestive cancer within UK Biobank 

                                                     Coffee intake (cups/day) HR per cup increase p trend 

 0 Any >0 to 2 3 to 4 ≥5  

n 104 465 365 157 215 739 97 022 52 396   

Liver cancer         

 Cases 48 134 82 32 20   

 Unadjusted HR  1.00 0.72 (0.52, 1.00) 0.74 (0.52, 1.05) 0.65 (0.41, 1.01) 0.81 (0.48, 1.37) 0.96 (0.89, 1.04) 0.34 

 Adjusted HR  1.00 0.87 (0.58, 1.30) 0.88 (0.57, 1.36) 0.87 (0.51, 1.48) 0.83 (0.45, 1.55) 0.97 (0.89, 1.05) 0.44 
        

Hepatocellular carcinoma        

 Cases 26 62 39 14 9   

 Unadjusted HR  1.00 0.61 (0.39, 0.97) 0.64 (0.39, 1.05) 0.52 (0.27, 1.00) 0.68 (0.32, 1.45) 0.93 (0.82, 1.04) 0.22 

 Adjusted HR  1.00 0.50 (0.29, 0.87) 0.55 (0.30, 1.00) 0.44 (0.20, 0.96) 0.44(0.17, 1.12) 0.87 (0.76, 1.01) 0.07 
        

Intrahepatic bile duct carcinoma       

 Cases 16 56 36 14 6   

 Unadjusted HR  1.00 0.90 (0.52, 1.57) 0.97 (0.53, 1.74) 0.84 (0.41, 1.73) 0.72 (0.28, 1.85) 0.95 (0.84, 1.07) 0.43 

 Adjusted HR  1.00 1.49 (0.71, 3.11) 1.47 (0.68, 3.18) 1.80 (0.74, 4.34) 1.06 (0.32, 3.48) 1.00 (0.88, 1.14) 0.90 
        

Other digestive cancer       

Oesophageal cancer 

 Cases 74 279 146 72 61   

 Unadjusted HR 1.00 0.97 (0.75, 1.25) 0.84 (0.63, 1.11) 0.93 (0.67, 1.29) 1.60 (1.14, 2.24) 1.07 (1.03, 1.10) <0.001 

 Adjusted HR 1.00 1.15 (0.83, 1.61) 1.11 (0.77, 1.58) 1.08 (0.71, 1.65) 1.47 (0.94, 2.30) 1.03 (0.98, 1.07) 0.28 
        

Oesophageal squamous cell carcinoma    

 Cases 15 61 28 15 18   

 Unadjusted HR 1.00 1.05 (0.60, 1.86) 0.80 (0.42, 1.51) 0.97 (0.47, 1.99) 2.34 (1.18, 4.64) 1.09 (1.03, 1.15) 0.001 

 Adjusted HR 1.00 1.26 (0.59, 2.67) 0.94 (0.41, 2.14) 1.10 (0.42, 2.87) 2.88 (1.20, 6.92) 1.08 (1.02, 1.16) 0.01 

Oesophageal adenocarcinoma      

 Cases 55 204 110 52 42   

 Unadjusted HR 1.00 0.94 (0.70, 1.27) 0.84 (0.61, 1.17) 0.90 (0.61, 1.32) 1.47 (0.98, 2.20) 1.06 (1.01, 1.11) 0.008 

 Adjusted HR 1.00 1.21 (0.81, 1.80) 1.25 (0.83, 1.89) 1.07 (0.65, 1.76) 1.25 (0.72, 2.15) 1.00 (0.93, 1.07) 0.96 
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Table 5.2 (continued): The association between coffee intake by number of cups per day and liver cancer and other digestive cancer within UK Biobank 

 Coffee intake (cups/day) HR per cup increase P trend 

 0 Any >0 to 2 3 to 4 ≥5   

n 104 465 365 157 215 739 97 022 52 396   

Gastric cancer         

 Cases 65 184 99 55 30   

 Unadjusted HR  1.00 0.72 (0.55, 0.96) 0.65 (0.47, 0.88) 0.81 (0.56, 1.16) 0.90 (0.58, 1.39) 1.00 (0.95, 1.07) 0.79 

 Adjusted HR  1.00 0.98 (0.68, 1.41) 0.88 (0.59, 1.30) 1.14 (0.73, 1.79) 1.18 (0.70, 1.98) 1.03 (0.97, 1.09) 0.30 
        

Small intestinal cancer       

 Cases 14 63 31 20 12   

 Unadjusted HR  1.00 1.18 (0.66, 2.11) 0.97 (0.51, 1.82) 1.40 (0.71, 2.78) 1.68 (0.78, 3.64) 1.05 (0.96, 1.14) 0.27 

 Adjusted HR  1.00 1.39 (0.60, 2.87) 1.12 (0.49, 2.58) 1.67 (0.67, 4.18) 1.65 (0.56, 4.78) 1.02 (0.90, 1.17) 0.65 
        

Colon cancer         

 Cases 320 1141 666 340 135   

 Unadjusted HR  1.00 0.93 (0.82, 1.05) 0.90 (0.79, 1.03) 1.04 (0.89, 1.21) 0.82 (0.67, 1.00) 0.98 (0.95, 1.00) 0.16 

 Adjusted HR  1.00 0.91 (0.78, 1.05) 0.89 (0.76, 1.05) 0.97 (0.80, 1.18) 0.87 (0.68, 1.11) 0.97 (0.93, 1.01) 0.15 
        

Rectal and anal cancer        

 Cases 176 610 361 155 94   

 Unadjusted HR  1.00 0.91 (0.77, 1.08) 0.90 (0.76, 1.08) 0.87 (0.70, 1.08) 1.04 (0.81, 1.33) 1.01 (0.98, 1.04) 0.37 

 Adjusted HR  1.00 0.88 (0.72, 1.08) 0.90 (0.72, 1.11) 0.81 (0.62, 1.06) 0.95 (0.70, 1.30) 1.00 (0.96, 1.04) 0.90 

        

Gall bladder and extrahepatic bile duct carcinoma  

 Cases 14 81 47 20 14   

 Unadjusted HR  1.00 1.48 (0.84, 2.61) 1.43 (0.78, 2.59) 1.37 (0.69, 2.71) 1.93 (0.92, 4.06) 1.05 (0.96, 1.13) 0.23 

 Adjusted HR  1.00 1.63 (0.81, 3.27) 1.52 (0.74, 3.15) 1.56 (0.67, 3.64) 2.40 (0.98, 5.90) 1.06 (0.97, 1.15) 0.15 

        

Pancreatic cancer      

 Cases 81 303 171 83 49   

 Unadjusted HR  1.00 0.95 (0.75, 1.22) 0.89 (0.68, 1.16) 0.98 (0.72, 1.33) 1.17 (0.82, 1.67) 1.03 (0.98, 1.07) 0.17 

 Adjusted HR  1.00 0.89 (0.66, 1.20) 0.86 (0.63, 1.18) 0.88 (0.60, 1.28) 1.08 (0.71, 1.65) 1.02 (0.97, 1.06) 0.44 
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Table 5.2 (continued): The association between coffee intake by number of cups per day and liver cancer and other digestive cancer within UK Biobank 

 

  Coffee intake (cups/day)  HR per cup increase P trend 

 0 Any >0 to 2 3 to 4 ≥5   

n 104 465 365 157 215 739 97 022 52 396   

       

All digestive cancer       

 Cases 784 2767 1,581 773 413   

 Unadjusted HR 1.00 0.91 (0.84, 0.99) 0.87 (0.80, 0.95) 0.96 (0.87, 1.06) 1.02 (0.91, 1.15) 1.01 (0.99, 1.02) 0.17 

 Adjusted HR 1.00 0.95 (0.86, 1.05) 0.92 (0.83, 1.02) 0.98 (0.87, 1.11) 1.05 (0.90, 1.21) 1.00 (0.98, 1.02) 0.53 

        

 

Model contains age at baseline, sex, deprivation, education, BMI, alcohol, smoking, fruit and vegetable intake, tea intake, physical activity, comorbidities at baseline 

(including high cholesterol, hypertension, diabetes, angina, myocardial infarction, stroke, peptic ulcer disease, hepatitis, cirrhosis, and gallstones).
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Figure 5. 3: The dose response pattern of coffee consumption and digestive cancer 
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Associations between coffee consumption by type and risk of specific digestive 

cancers are presented in Table 5.3 and figure 5.4. In general there was little evidence 

of a difference in the association between coffee consumption and cancer risk by 

coffee type. The reduction of HCC risk did range from 41-53% for different types of 

coffee, which was most apparent for instant coffee (adjusted HR 0.51, 95% CI 0.28, 

0.93), however, there was no significant difference in the risk of HCC by type of 

coffee (p=0.53). There was little evidence of associations by coffee type and risk of 

oesophagus, gastric, small intestine, colon, rectal and anal cancer, liver, or 

intrahepatic bile duct carcinoma. Risk of pancreatic cancer was reduced by 34% in 

users of decaffeinated coffee compared to non-coffee users, but this did not reach 

statistical significance (adjusted HR 0.66, 95% CI 0.43, 1.03). The risk of gall 

bladder and extra hepatic bile duct carcinoma was consistently increased with 

consumption of any type of coffee but this was only statistically significant for 

decaffeinated coffee (HR 2.44, 95% CI 1.10, 5.38).  
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Table 5. 3: The association between coffee type and liver cancer and other digestive cancer within UK Biobank  

  Most common type of coffee used  

 Non-use Decaffeinated Instant Ground Other types Heterogeneity p* 

n 104 465 69 363 201 912 82 865 6674  

Liver cancer   

 Cases 48 23 80 26 <5  

 Unadjusted HR  1.00 0.62 (0.37, 1.02) 0.77 (0.54, 1.11) 0.67 (0.41, 1.07) 0.95 (0.29, 3.06) 0.72 

 Adjusted HR  1.00 0.82 (0.45, 1.49) 0.91 (0.59, 1.41) 0.84 (0.47, 1.50) 0.58 (0.07, 4.24) 0.92 
       

Hepatocellular carcinoma      

 Cases 26 11 37 11 <5  

 Unadjusted HR  1.00 0.54 (0.27, 1.10) 0.66 (0.40, 1.09) 0.52 (0.25, 1.05) 1.17 (0.28, 4.95) 0.71 

 Adjusted HR 1.00 0.59 (0.25, 1.37) 0.51 (0.28, 0.93) 0.47 (0.20, 1.08) Too small 0.53 
       

Intrahepatic bile duct carcinoma       

 Cases 16 9 33 12 <5  

 Unadjusted HR  1.00 0.72 (0.32, 1.64) 0.95 (0.52, 1.73) 0.92 (0.43, 1.94) 0.95 (0.12, 7.17) 0.91 

 Adjusted HR  1.00 0.97 (0.38, 2.43) 1.27 (0.63, 2.55) 1.46 (0.63, 3.35) 1.48(0.19,11.54) 0.91 
       

Other digestive cancer      

Oesophageal cancer      

 Cases 74 53 166 46 7  

 Unadjusted HR 1.00 0.91 (0.64, 1.30) 1.03 (0.78, 1.36) 0.76 (0.52, 1.09) 1.43 (0.66, 3.11) 0.18 

 Adjusted HR 1.00 1.27 (0.82, 1.98) 1.12 (0.78, 1.59) 1.08 (0.78, 1.59) 1.58 (0.56, 4.41) 0.63 
       

Oesophageal squamous cell carcinoma     

 Cases 15 14 36 8 <5  

 Unadjusted HR 1.00 1.21 (0.58, 2.52) 1.12 (0.61, 2.05) 0.65 (0.27, 1.54) 2.04 (0.46, 8.92) 0.54 

 Adjusted HR 1.00 1.27 (0.46, 3.51) 1.16 (0.52, 2.58) 1.03 (0.38, 2.83) 4.17(0.89,19.46) 0.87 
       

Oesophageal adenocarcinoma     

 Cases 55 36 122 35 6  

 Unadjusted HR 1.00 0.83 (0.54, 1.26) 1.01 (0.73, 1.39) 0.77 (0.50, 1.18) 1.64 (0.71, 3.83) 0.60 

 Adjusted HR 1.00 1.33 (0.79, 2.24) 1.18 (0.78, 1.80) 1.17 (0.69, 1.97) 1.65(0.50, 5.41) 0.63 
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Table 5. 3 (continued): The association between coffee type and  liver cancer and other digestive cancer within UK Biobank  

  Most common type of coffee used  

 Non-use Decaffeinated Instant Ground Other types Heterogeneity p* 

n 104 465 69 363 201 912 82 865 6674  

Gastric cancer        

 Cases 65 29 117 31 <5  

 Unadjusted HR  1.00 0.57 (0.37, 0.88) 0.83 (0.61, 1.12) 0.59 (0.38, 0.90) 0.93 (0.34, 2.56) 0.13 

 Adjusted HR  1.00 0.88 (0.52, 1.48) 1.04 (0.70, 1.52) 0.87 (0.52, 1.45) 0.90 (0.22, 3.76) 0.69 
       

Small intestinal cancer       

 Cases 14 11 35 12 <5  

 Unadjusted HR  1.00 1.04 (0.47, 2.30) 1.18 (0.63, 2.20) 1.06 (0.49, 2.29) 2.20 (0.50, 9.70) 0.82 

 Adjusted HR  1.00 1.70 (0.65, 4.41) 1.07 (0.46, 2.51) 1.16 (0.42, 3.15) 4.39 (0.93, 20.8) 0.34 
       

Colon cancer        

 Cases 320 220 650 223 22  

 Unadjusted HR  1.00 0.90 (0.76, 1.07) 0.95 (0.83, 1.09) 0.86 (0.72, 1.02) 1.05 (0.68, 1.62) 0.51 

 Adjusted HR  1.00 0.95 (0.78, 1.17) 0.91 (0.77, 1.07) 0.84 (0.68, 1.04) 1.21 (0.73, 2.02) 0.50 
       

Rectal and anal cancer      

 Cases 176 103 371 119 8  

 Unadjusted HR  1.00 0.77 (0.61, 0.99) 0.99 (0.83, 1.19) 0.83 (0.66, 1.05) 0.69 (0.34, 1.42) 0.06 

 Adjusted HR  1.00 0.83 (0.62, 1.11) 0.95 (0.76, 1.18) 0.80 (0.60, 1.05) 0.56 (0.20, 1.53) 0.39 

  

Gall bladder and extrahepatic bile duct carcinoma   

 Cases 14 25 34 18 <5  

 Unadjusted HR  1.00 2.28 (1.18, 4.39) 1.11 (0.60, 2.08) 1.57 (0.78, 3.16) 2.17 (0.78, 3.16) 0.06 

 Adjusted HR  1.00 2.44 (1.10, 5.38) 1.33 (0.63, 2.82) 1.84 (0.77, 4.44) Too small 0.11 

       

Pancreatic cancer       

 Cases 81 46 178 69 <5  

 Unadjusted HR  1.00 0.72 (0.50, 1.03) 1.00 (0.77, 1.31) 1.04 (0.75, 1.43) 0.93 (0.37, 2.30) 0.17 

 Adjusted HR  1.00 0.66 (0.43, 1.03) 0.95 (0.69, 1.29) 0.99 (0.68, 1.45) 0.81 (0.25, 2.60) 0.31 
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Table 5.3 (continued): The association between coffee type and liver cancer and other digestive cancer within UK Biobank 

   Most common type of coffee used  

 Non-use Decaffeinated Instant Ground Other types Heterogeneity 

p* 

n 104 465 69 363 201 912 82 865 6674  

All digestive cancer      

 Cases 784 507 1614 536 53  

 Unadjusted HR 1.00 0.84 (0.75, 0.94) 0.96 (0.88, 1.04) 0.84 (0.75, 0.93) 1.03 (0.78, 1.36) 0.007 

 Adjusted HR 1.00 0.95 (0.83, 1.09) 0.97 (0.87, 1.07) 0.89 (0.78, 1.02) 1.03 (0.72, 1.47) 0.61 

       

Model contains age at baseline, sex, deprivation, education, BMI, alcohol, smoking, fruit and vegetable intake, tea intake, physical activity, comorbidities at baseline 

(including high cholesterol, hypertension, diabetes, angina, myocardial infarction, stroke, peptic ulcer disease, hepatitis, cirrhosis, and gallstones). 

*P value for Likelihood ratio test comparing cancer risk by coffee type (decaffeinated, instant, ground, other coffee) 
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Figure 5. 4: Coffee consumption by type and risk of digestive cancer 
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5.3.2 Sensitivity analysis 

After excluding the two-years following baseline, the association between increasing 

number of coffee cups consumed per day and liver cancer or other digestive cancer 

risk showed similar results to the main analysis (Table 5.4). Similarly, the association 

between types of coffee and digestive cancer risk was little altered compared with the 

main analysis after excluding the two-years following baseline (Table 5.5).   
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Table 5. 4: Sensitivity analysis by excluding two years after baseline for association between coffee intake by number of cups per day and liver cancer and 

other digestive cancer within UK Biobank 

  Coffee intake (cups/day) HR per cup increase p trend 

 0 Any >0 to 2 3 to 4 ≥5   

n 103 560 361 910 213 775 96 175 51 960   

Liver cancer         

 Cases 41 110 68 27 15   

 Adjusted HR 1.00 0.89 (0.56, 1.40) 0.90 (0.55, 1.48) 0.97 (0.54, 1.74) 0.72 (0.34, 1.50) 0.95 (0.87, 1.05) 0.31 

        

Hepatocellular carcinoma        

 Cases 23 54 34 12 8   

 Adjusted HR 1.00 0.52 (0.29, 0.94) 0.56 (0.29, 1.07) 0.48 (0.21, 1.11) 0.44 (0.16, 1.20) 0.88 (0.75, 1.02) 0.09 

        

Intrahepatic bile duct carcinoma       

 Cases 13 42 28 11 <5   

 Adjusted HR 1.00 1.62 (0.65, 4.01) 1.65 (0.64, 4.26) 2.25 (0.83, 6.50) 0.44 (0.05, 3.72) 0.99 (0.83, 1.15) 0.86 

        

Other digestive cancer       

        

Oesophageal cancer 

 Cases 58 228 118 59 51   

 Adjusted HR 1.00 1.29 (0.88, 1.89) 1.21 (0.80, 1.81) 1.24 (0.78, 1.98) 1.76 (1.08, 2.87) 1.04 (0.98, 1.10) 0.14 

        

Oesophageal squamous cell carcinoma     

 Cases 11 51 24 13 14   

 Adjusted HR 1.00 1.72 (0.70, 4.20) 1.26 (0.48, 3.29) 1.68 (0.57,  4.89) 3.77 (1.36,10.41)           1.09 (1.02,1.16) 0.006 

        

Oesophageal adenocarcinoma      

 Cases 44 166 88 42 36   

 Adjusted HR 1.00 1.28 (0.82, 2.00) 1.29 (0.81, 2.06) 1.14 (0.65,  1.99) 1.45 (0.80, 2.62) 1.01 (0.94, 1.08) 0.70 
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Table 5.4 (continued): Sensitivity analysis by excluding two years after baseline for association between coffee intake by number of cups per day and liver cancer and other 

digestive cancer within UK Biobank 

 Coffee intake (cups/day) HR per cup increase p trend 

 0 Any >0 to 2 3 to 4 ≥5   

n 103 560 361 910 213 775 96 175 51 960   

Gastric cancer  

 Cases 52 147 77 45 25   

 Adjusted HR 1.00 1.04 (0.70, 1.56) 0.91 (0.59, 1.41) 1.23 (0.75, 2.03) 1.33 (0.75, 2.34) 1.04 (0.98, 1.10) 0.11 
        

Small intestinal cancer  

 Cases 12 48 22 17 9   

 Adjusted HR 1.00 1.34 (0.54, 3.31) 1.01 (0.38, 2.68) 2.16 (0.78, 5.97) 1.65 (0.48, 5.66) 1.04 (0.91, 1.19) 0.51 
        

Colon cancer  

 Cases 271 903 518 269 116   

 Adjusted HR 1.00 0.86 (0.72, 1.02) 0.82 (0.68, 0.98) 0.94 (0.75, 1.16) 0.91 (0.70, 1.18) 0.98 (0.94, 1.02) 0.33 
        

Rectal and anal cancer  

 Cases 141 470 273 122 75   

 Adjusted HR 1.00 0.86 (0.68, 1.08) 0.86 (0.68, 1.10) 0.81 (0.60, 1.09) 0.93 (0.66, 1.32) 1.00 (0.96, 1.05) 0.71 
        

Gall bladder and extrahepatic bile duct carcinoma  

 Cases 13 66 38 17 11   

 Adjusted HR 1.00 1.51 (0.72, 3.15) 1.44 (0.66, 3.11) 1.37 (0.55, 3.43) 2.18 (0.82, 5.75) 1.05 (0.96, 1.17) 0.25 
        

Pancreatic cancer       

 Cases 69 251 143 66 42   

 Adjusted HR 1.00 0.91 (0.66, 1.25) 0.89 (0.63, 1.24) 0.87 (0.58, 1.30) 1.11 (0.70, 1.75) 1.02 (0.96, 1.08) 0.42 

        

All digestive cancer       

 Cases 650 2,206 1,244 620 342   

 Adjusted HR 1.00 0.95 (0.85, 1.05) 0.90 (0.80, 1.01) 0.99 (0.87, 1.14) 1.09 (0.93, 1.27) 1.01 (0.99, 1.03) 0.24 

Model contains age at baseline, gender, deprivation, education, BMI, alcohol, smoking, fruit and vegetable intake, tea intake, physical activity, comorbidities at baseline 

(including high cholesterol, hypertension, diabetes, angina, myocardial infarction, stroke, peptic ulcer disease, hepatitis, cirrhosis, and gallstones). 
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Table 5. 5: Sensitivity analysis by excluding two years after baseline for association between coffee type and liver cancer and other digestive 

cancer within UK Biobank 

                           Most common type of coffee used 

 Non-use Decaffeinated Instant Ground Other types 

n 103 560 68 756 200 045 82 196 6606 

Liver cancer      

   Cases 41 18 67 21 <5 

   Adjusted HR 1.00 0.74 (0.37, 1.49) 0.93 (0.57, 1.52) 0.94 (0.50, 1.77) 0.75 (0.10, 5.56) 
      

Hepatocellular carcinoma 

   Cases 23 9 33 10 <5 

   Adjusted HR 1.00 0.50 (0.19, 1.31) 0.51 (0.27, 0.98) 0.62 (0.26, 1.47) Too small 
      

Intrahepatic bile duct carcinoma  

   Cases 13 7 25 8 <5 

   Adjusted HR 1.00 1.33 (0.40, 4.47) 1.71 (0.66, 4.44) 1.51 (0.46, 4.93) 3.35 (0.40, 28.02) 

      

Other digestive cancer     

Oesophageal cancer  

   Cases 58 42 135 39 6 

   Adjusted HR 1.00 1.38 (0.84, 2.27) 1.27 (0.85, 1.90) 1.21 (0.73, 1.99) 1.58 (0.48, 5.16) 
      

Oesophageal squamous cell carcinoma    

   Cases 11 10 30 8 <5 

   Adjusted HR 1.00 1.59 (0.50, 5.08) 1.52 (0.59, 3.89) 1.61 (0.52, 4.90) 6.35 (1.27, 31.75) 
      

Oesophageal adenocarcinoma     

   Cases 44 31 97 28 5 

   Adjusted HR 1.00 1.46 (0.82, 2.59) 1.27 (0.79, 2.03) 1.15 (0.63, 2.08) 1.42 (0.33, 6.02) 

      

Gastric cancer  

   Cases 52 20 97 25 <5 

   Adjusted HR 1.00 0.87 (0.48, 1.56) 1.12 (0.73, 1.72) 0.92 (0.52, 1.61) 1.16 (0.28, 4.88) 

  



Page | 190  
 

Table 5.5 (continued): Sensitivity analysis by excluding two years after baseline for association between coffee type and liver cancer and other 

digestive cancer within UK Biobank 

   Most common type of coffee used 

 Non-use Decaffeinated Instant Ground Other types 

 103 560 68 756 200 045 82 196 6606 

Small intestinal cancer      

   Cases 12 8 26 9 <5 

   Adjusted HR 1.00 1.61 (0.52, 4.92) 1.03 (0.38, 2.76) 1.33 (0.43, 4.06) 6.05 (1.21, 30.24) 

      

Colon cancer  

   Cases 271 171 518 173 17 

   Adjusted HR 1.00 0.88 (0.70, 1.11) 0.86 (0.71, 1.03) 0.82 (0.65, 1.03) 1.01 (0.55, 1.86) 

      

Rectal and anal cancer  

   Cases 141 78 286 92 6 

   Adjusted HR 1.00 0.78 (0.56, 1.09) 0.91 (0.71, 1.17) 0.81 (0.60, 1.11) 0.70 (0.26, 1.92) 

      

Gall bladder and extrahepatic bile duct carcinoma  

   Cases 13 19 27 17 <5 

   Adjusted HR 1.00 1.96 (0.82, 4.67) 1.22 (0.54, 2.72) 2.18 (0.88, 5.41) Too small 

         

Pancreatic cancer  

   Cases 69 36 150 58 <5 

   Adjusted HR 1.00 0.59 (0.36, 0.96) 0.97 (0.69, 1.35) 1.11 (0.74, 1.67) 0.64 (0.15, 2.62) 

      

All digestive cancer       

   Cases 650 392 1,295 429 41 

   Adjusted HR 1.00 0.90 (0.78, 1.05) 0.96 (0.85, 1.08) 0.94 (0.81, 1.08) 0.99 (0.66, 1.49) 

      

Model contains age at baseline, gender, deprivation, education, BMI, alcohol, smoking, fruit and vegetable intake, tea intake, physical activities, comorbidities at baseline 

(including high cholesterol, hypertension, diabetes, angina, myocardial infarction, stroke, peptic ulcer disease, hepatitis, cirrhosis, and gallstones). 
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An additional analysis was conducted for the association between coffee intake and 

liver cancer risk and other digestive cancer additionally adjusting for a more detailed 

smoking status. The association was observed to be similar to the main analysis (Table 

5.6).  

Table 5.7 showed analysis for HCC stratifying by sex, BMI, alcohol consumption, and 

smoking status. The association between coffee consumption and liver cancer appeared 

more marked in males (adjusted HR 0.48, 95% CI 0.26, 0.86) compared with females 

(adjusted HR 1.10, 95% CI 0.21, 5.55). The association also appeared more marked in 

normal/underweight participants (adjusted HR 0.12, 95% CI 0.02, 0.57) compared with 

overweight (adjusted HR 0.46, 95% CI 0.20, 1.04) or obese participants (adjusted HR 

0.86, 95% CI 0.30, 2.41). However there was no evidence for interactions. The 

associations were similar by smoking status and alcohol consumption. In general the 

number of cases and controls in these subgroups were small making conclusions 

difficult to reach.     
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Table 5. 6: The association between any coffee intake and risk of liver cancer and other digestive cancer 

adjusting for additional smoking variable. 

 Coffee intake  

  No  Yes 

n 104 465 365 157 

Liver cancer    

 Cases 48 134 

 Main analysis 1.00 0.87 (0.58, 1.30) 

 Adjusted HR  1.00 0.79 (0.50, 1.23) 

   

      Hepatocellular carcinoma    

 Cases 26 62 

 Main analysis 1.00 0.50 (0.29, 0.87) 

 Adjusted HR  1.00 0.49 (0.27, 0.90) 

   

      Intrahepatic bile duct carcinoma    

 Cases 16 56 

 Main analysis 1.00 1.49 (0.71, 3.11) 

 Adjusted HR  1.00 1.26 (0.56, 2.78) 

   

Oesophageal cancer   

 Cases 74 279 

 Main analysis 1.00 1.15 (0.83, 1.61) 

 Adjusted HR 1.00 1.27 (0.87, 1.86) 

   

     Oesophageal squamous cell carcinoma  

 Cases 15 61 

 Main analysis 1.00 1.26 (0.59, 2.67) 

 Adjusted HR 1.00 1.12 (0.49, 2.54) 

   

     Oesophageal adenocarcinoma   

 Cases 55 204 

 Main analysis 1.00 1.21 (0.81, 1.80) 

 Adjusted HR 1.00 1.49 (0.94, 2.36) 

   

Gastric cancer    

 Cases 65 184 

 Main analysis 1.00 0.98 (0.68, 1.41)) 

 Adjusted HR  1.00 0.93 (0.64,  1.35) 

   

Small intestinal cancer    

 Cases 14 63 

 Main analysis 1.00 1.39 (0.60, 2.87) 

 Adjusted HR  1.00 1.85 (0.70, 4.88) 

   

Colon cancer    

 Cases 320 1141 

 Main analysis 1.00 0.91 (0.78, 1.05) 

 Adjusted HR  1.00 0.91 (0.77, 1.07) 
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Table 5.6 (continued): The association between any coffee intake and risk of liver cancer and other 

digestive cancer adjusting for additional smoking variable. 

 Coffee intake 

  No  Yes 

n 104 465 365 157 

Rectal and anal cancer    

 Cases 176 610 

 Main analysis 1.00 0.88 (0.72, 1.08) 

 Adjusted HR  1.00 0.85 (0.68, 1.05) 

   

Gall bladder and extrahepatic bile duct 

carcinoma  

  

 Cases 14 81 

 Main analysis 1.00 1.63 (0.81, 3.27) 

 Adjusted HR  1.00 1.49 (0.74, 3.00) 

   

Pancreatic cancer   

 Cases 81 303 

 Main analysis 1.00 0.89 (0.66, 1.20) 

 Adjusted HR  1.00 0.86 (0.63, 1.18) 

   

All digestive cancer   

 Cases 784 2767 

 Main analysis 1.00 0.95 (0.86, 1.05) 

 Adjusted HR 1.00 0.94 (0.63, 1.18) 

 

Model contains age at baseline, sex, deprivation, education, BMI, alcohol, smoking, fruit and vegetable 

intake, tea intake, physical activity, comorbidities at baseline (including high cholesterol, hypertension, 

diabetes, angina, myocardial infarction, stroke, peptic ulcer disease, hepatitis, cirrhosis, and gallstones). 
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Table 5. 7: The association between coffee intake and hepatocellular carcinoma by sex, BMI, alcohol, and 

smoking status 

 Unadjusted HR  

(95% CI) 

Adjusted HR  

(95% CI) 

P for interaction 

Main analysis 88 64  

 0.61 (0.39, 0.97) 0.50 (0.29, 0.87)  

    

Sex    

  Male 71 53  

   0.54 (0.32, 0.89) 0.48 (0.26, 0.86) 0.21 

  Female 17 11  

 0.91 (0.29, 2.80) 1.10 (0.21, 5.55)  

    

BMI    

  Normal\under weight 15 9  

 0.30 (0.10, 0.82) 0.12 (0.02, 0.57)  

  Overweight 36 28  

 0.49 (0.24, 0.99) 0.46 (0.20, 1.04) 0.056 

  Obese 37 27  

 1.2 (0.52, 2.73) 0.86 (0.30, 2.41)  

    

Alcohol consumption    

    Never 17 12  

 1.20 (0.44, 3.27) 0.24 (0.06, 0.95)  

< 1 day per week 20 13  

 0.96 (0.34, 2.65) 0.73 (0.20, 2.62)  

1-2 days per week 14 11 0.76 

 0.65 (0.20, 2.09) 0.44 (0.11, 1.77)  

3-4 days per week 17 12  

 0.82 (0.23, 2.87) 0.88 (0.16, 4.59)  

>4 days per week 20 16  

 0.25 (0.10, 0.62) 0.49 (0.15, 1.60)  

    

Smoking status    

Never 30 19  

 0.56 (0.26, 1.19) 0.66 (0.24, 1.81)  

Previous 40 31  

 0.54 (0.27, 1.08) 0.44 (0.20, 0.99) 0.83 

Current 18 14  

 0.85 (0.28, 2.59) 0.40 (0.11, 1.48)  

    

 

Model contains age at baseline, gender, deprivation, education, BMI, alcohol, smoking, fruit and 

vegetable intake, tea intake, physical activities, comorbidities at baseline (including high cholesterol, 

hypertension, diabetes, angina, myocardial infarction, stroke, peptic ulcer disease, hepatitis, cirrhosis, and 

gallstones) 
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5.4 Discussion 

5.4.1 Main results 

In this large prospective study, a reduced risk of HCC with coffee consumption was 

found, which demonstrated a dose response and was consistent by coffee type. 

 

This study is in line with the inverse association between coffee consumption and HCC 

risk that has been judged as ‗convincing‘ evidence in the 2018 World Cancer Research 

Fund report
78

, confirming previous individual studies
384,359,385

 and meta-analyses
386,387

. 

Whilst no marked differences in the inverse association between HCC and coffee 

consumption by type of coffee were shown in the current study, an inverse association 

was apparent for instant coffee. Some previous studies have investigated caffeinated and 

decaffeinated coffee
384,359,385

, which mostly found a stronger reduced risk of HCC in 

caffeinated coffee than decaffeinated coffee
359,385

. However no previous studies, to date, 

have explored the association of instant coffee consumption and HCC. 

 

The underlying biological mechanisms for a reduced risk of HCC with coffee 

consumption, especially with instant coffee, are not well known but some mechanisms 

have been proposed.  Coffee has high levels of antioxidants
388

 including phenolic acids, 

diterpenes like cafestol and kahweol, and tocopherols
313

. Compounds such as phenolic 

acids
389,390

 and caffeine
391

 have also been shown to have chemopreventive properties, 

including in liver carcinogenesis. These compounds have been shown to inhibit the 

proliferation of HCC cell lines in vitro and suppress the progression of HCC in vivo
392

, 

while chlorogenic acid has been shown to prevent oxidative damage in hepatocytes
393

. 

Instant coffee, in comparison with ground, has been demonstrated to have higher levels 

of those biochemical compounds
337,394

, which therefore could partly explain the more 

marked reduced risk of HCC in the current study. The underlying potential anti-cancer 

mechanism of instant coffee has also been observed in previous experimental studies. 

An animal study
395

 showed that mice receiving instant coffee had a reduction in the size 

and the number of hepatocellular neoplastic lesions compared with mice receiving 

ground coffee. Instant coffee administration in rats also resulted in a significantly higher 

expression of bax protein
395

, which monitors cell apoptosis and is a known tumour 
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suppressor
396,397

. Another study in rats demonstrated that instant coffee powder 

inhibited hepatoma cell proliferation, reduced metastasis, and positively altered 

lipoprotein profiles
398

. Therefore, it is plausible that instant coffee may have stronger 

anti-cancer effects in comparison to other coffee types.   

 

For other individual types of digestive cancer, no consistent association with coffee 

consumption was found. These findings of no association between coffee and colorectal 

cancer confirm previous findings
365,399

, although contrasts with suggestions that high-

levels of coffee drinking reduce the risk of colon cancer
400

. For small intestine and 

oesophageal cancer, the findings are similar to previous meta-analyses of no association 

with coffee consumption
360,401

. However, the current study found an increased risk of 

oesophageal squamous cell carcinoma with high intake of coffee (≥5 cups per day). The 

evidence of coffee and oesophageal squamous cell carcinoma is inconsistent in the 

literature. A cohort study in a Norwegian population found no association between high 

coffee intake and risk of oesophageal squamous cell carcinoma
402

. Similarly, another 

case-control study found that higher intake of isoflavones, for which coffee was the 

major source, was not associated with the risk of oesophageal squamous cell 

carcinoma
403

. Nevertheless, it was unknown if high intake of isoflavones was 

approximate to the number of cups of coffee in this study
403

. Another case-control study 

in Taiwan, however, found higher coffee consumption (≥1 time vs. <1 time per week) 

was associated with a significantly reduced risk of squamous cell carcinoma of the 

middle third of the oesophagus patients compared to controls
404

. Interestingly, no 

association was found in the lower third of oesophagus or upper third of oesophagus
404

. 

In general, the association between oesophageal squamous cell carcinoma and coffee 

consumption cannot be concluded due to difference in study designs, measurements of 

coffee intake, and anatomical segments of oesophagus (upper, middle, or lower parts). 

Future studies should take these into consideration when exploring the association of 

oesophagus and coffee consumption.  

 

For gastric cancer, the results are inconclusive. Findings from the current study of no 

association between coffee and risk of gastric cancer is in line with a recent meta-

analysis
405

, however contrasts with two previous meta-analyses that showed a 
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decrease
361

 and an increase in risk of gastric cancer with coffee use
362

. In one meta-

analysis, no association was observed following restriction to only cohort studies
361

 

while in the other meta-analysis, the positive association between coffee consumption 

and gastric cancer risk attenuated and became non-significant after adjusting for risk 

factors such as smoking, alcohol intake and BMI
362

.   

 

The current study is similar to a more recent meta-analysis of four large cohort studies 

of female non-smokers which demonstrated no association between coffee intake and 

pancreatic cancer
406

. The current study found no association between increasing number 

of coffee cups consumed and pancreatic cancer risk but there was suggestive evidence 

of an inverse association between decaffeinated coffee consumption and pancreatic 

cancer risk, which is in contrast to a previous US study showing no association for 

decaffeinated coffee
407

. The difference in results might be explained by other underlying 

differences in population behaviours relevant for pancreatic cancer aetiology, or 

differences in coffee consumption patterns, but is difficult to fully understand. Further 

investigations are warranted to explore the association between decaffeinated coffee and 

pancreatic cancer.  

 

Findings of an increased risk of gallbladder cancer with decaffeinated coffee 

consumption in this study are not consistent with a previous meta-analysis of any coffee 

intake and biliary tract cancer risk although the previous study did not specifically 

investigate decaffeinated coffee
79

. However, results of the current study could be owing 

to chance since there was no clear dose-response relationship and the positive finding 

was attenuated and was not significant in sensitivity analysis. 

 

Acrylamide is a chemical produced by the coffee roasting process, particularly in the 

production of instant coffee
338

, classified by IARC in group 2A as a probable human 

carcinogen
339

. Acrylamide has been shown to have a carcinogenic effect in animal 

studies
408

 however in epidemiological studies of humans the association with 

gastrointestinal cancer is controversial. For instance, a prospective study investigating 

daily acrylamide intake did not find an association with oesophageal, gastric, colorectal, 
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and pancreatic cancer
409

. In contrast, another study from the European Prospective 

Investigation into Cancer and Nutrition cohort found a significantly increased risk of 

oesophageal cancer with acrylamide intake
410

. The current study generally provides 

reassurance that coffee consumption, known to be high in acrylamide, does not appear 

to be associated with increased gastrointestinal cancer risk. 

 

5.4.2 Strengths 

The main strength of the current study is that within UK Biobank, information on the 

type of coffee most commonly consumed was available, allowing for investigation of 

instant or ground or decaffeinated coffee and digestive cancer risk. Second, the UK 

Biobank contains over 500,000 participants who were prospectively followed for up to 

7.5 years, allowing sufficient statistical power to detect even relatively weak 

associations. This study also investigated the impact of coffee consumption across a 

number of different digestive cancer sites, therefore minimising potential measurement 

error. Finally, various important confounders which are associated with coffee 

consumption and digestive cancer risk were controlled, such as BMI, alcohol and 

smoking habit, physical activity, fruit and vegetable intake, tea intake, and 

comorbidities.  

 

5.4.3 Limitations 

However, a number of weaknesses existed in the current study. First, coffee 

consumption could have changed over time so misclassification of coffee consumption 

is possible. However, other cohorts have shown coffee consumption to remain relatively 

stable over time in adult populations
411

. Second, there were small numbers of cases of 

certain cancers in the current study (e.g. small intestine cancer, intrahepatic bile duct 

carcinoma, gall bladder and extrahepatic bile duct carcinoma) and therefore for these 

cancers it has limited power to detect associations with coffee consumption. Third, 

information on H. pylori infection was not available, therefore were unable to adjust for 

this potential confounder in analyses of oesophageal or gastric cancer. Fourth, the 

impact of milk, non-dairy creamer, and sweeteners on the association between coffee 

and digestive cancer risk was not investigated. Milk and non-dairy creamer have been 
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found to alter biochemical activities of coffee by interacting with coffee components 

like polyphenol
412

, however, the extent of its impact on the association of coffee and 

cancer risk has not yet been substantiated. Fifth, the information of caffeine from other 

source was not accounted, for example tea, chocolate, or energy drinks, which could 

affect the observed estimates if these were differential between coffee drinkers and non-

drinkers. Measurement error of coffee intake might have affected the ability to identify 

true associations with cancers. In particular, it is possible that measurement error, which 

is likely to dilute any real associations, both reduced the magnitude of the association 

between coffee intake and HCC and dragged weaker associations between coffee intake 

and other GI cancers to the null. Finally, as a large number of tests were conducted, 

increasing the likelihood of Type 1 error, significant results should be interpreted 

cautiously. 

 

5.4.4 Future research recommendations 

The relationship between coffee consumption and digestive cancer should be clarified in 

future studies. Future epidemiological studies should aim to collect detailed information 

on not only the quantity but also the type of coffee consumed, along with information 

on added sugar, sweeteners, milk etc. This information should be collected repeatedly 

rather than just at one time point, as in the current analysis, to more accurately capture 

coffee intake. These studies should be conducted in large cohorts with long follow-up to 

allow power to investigate less common cancers such as cancers of the small intestine. 

Also, experimental studies should investigate the anti-cancer properties of coffee to 

attempt to identify mechanism that could be responsible for the inverse association 

between coffee consumption and HCC risk. 

 

5.4.5 Conclusion 

In conclusion, these findings suggest an inverse association between coffee 

consumption and HCC which was similar by coffee types. However, whether the 

observed association reflects a causal relationship, and if so, the underlying mechanism 

responsible, are worthy of further investigation. 
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Chapter 6 

 

Household air pollution and risk of liver 

cancer mortality: A large population-based 

cohort study 
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6.1 Introduction 

6.1.1 Background 

Household air pollution refers to pollutants generated from fuel combustion while 

cooking or heating (particulate matter, polycyclic aromatic hydrocarbons, carbon 

monoxide, arsenic) or pollutants from non-combustion source (volatile organic 

compounds emitted from pesticides or paints, lead, radon, and mould or bacteria 

building up due to inadequate ventilation)
413

.  

Household air pollution is more common in low and middle income countries where 

people may not be able to afford, or have access to sufficient infrastructure for, gas or 

electricity for cooking or heating. This leads to an increased reliance on cheap solid fuel 

like coal, wood, animal dung, or crop waste. In 2013, the World Health Organisation 

(WHO) estimated that more than 3 billion people used solid fuel as their main fuel 

source
414

, and that this was particularly prevalent in Africa and South East Asia
414,415

. 

Household air pollution was attributed to approximately 4.3 million deaths in 2012 

globally, 40% of which were due to respiratory disease and 34% were related to 

cardiovascular diseases
416,417

.  

Household air pollution has been shown to be associated with a range of health 

problems including pneumonia, chronic obstructive pulmonary disease, stroke, 

ischaemic heart disease, and various cancers
417

. In particular, there are strong links 

between household air pollution and lung cancer
86,418

. More recently, household air 

pollution has been studied as a risk factor for digestive cancers. Household air pollution 

was associated with increased risks of upper aero-digestive tract cancers including oral, 

nasopharyngeal, pharyngeal, and laryngeal in a recent meta-analysis
87

. Biomass smoke 

from fuel use has been shown to be a risk factor for oesophageal squamous cell 

carcinoma
419

 and gastric cancer
88

. However, there have been a limited number of 

epidemiological studies investigating the association between household air pollution 

and risk of liver cancer.  

 

6.1.2 Household air pollution in China 

The WHO estimated that worldwide, 3.8 million people die annually due to household 

air pollution
420

 and that nearly 0.5 million of these premature deaths occurred in China 
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due to air pollution caused by emissions from household fuel consumption
89

. A survey 

of solid fuel use from 1980 to 2010 reported that approximately 2.8 billion people 

worldwide rely on solid fuel use and that this number is increasing in some regions
415

. 

In China, a national survey conducted in 2012 on 31 provinces revealed that 715.8 

million people of a total 1.35 billion people used solid fuel for either cooking or heating 

(of these solid fuel users, ~61% used biomass and ~39% used coal) particularly in rural 

areas
85

. This survey also showed a reduction in the proportion of the population using 

solid fuel from 1991 to 2012 (falling from 93.5% to 61.2% in rural areas and 66.3% to 

20.3% in urban areas), but this was partly offset by a marked increase in the total 

Chinese population (from 1.16 to 1.35 billion people in 1991 to 2012)
85

.   

 

6.1.3 Components of coal attributed to household air pollution  

Particulate and gas emission from household fuel combustion, specifically coal burning, 

for the purpose of cooking or heating contains hazardous chemicals. Using primitive 

stoves with poor quality or poor design does not allow sufficient oxygen entering to 

contact fuel to produce a complete combustion 
421

. The incomplete combustion 

produces hazardous chemicals such as chemical compounds (carbon monoxide, 

benzene, formaldehyde, polycyclic aromatic hydrocarbons (PAHs)), organic compounds 

(total non-methane hydrocarbon, total organic carbon), and some contaminants 

deposited in coal is emitted under element form (carbon, arsenic) or ion form (fluoride, 

sulfate)
421

. A summary of constituents of coal emission is presented in the Table 6.1. 
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Table 6. 1: Constituents of coal emission, by chemical class
421

. 

Compound Species 

Inorganic compounds CO, SO2, NOx 

Hydrocarbons  

Alkanes C1–C10 

Alkenes C2–C10 (including 1,3-butadiene) 

Aromatics Benzene, Xylene, Toluene, Styrene 

PAHs and substituted 

PAHs 

Acenaphthene 

Acenaphthylene 

Acephenanthrylene 

Anthracene 

Benz[a]anthracene 

Benzanthrone 

Benzo[b]chrysene 

Benzo[a]coronene 

Benzo[b]fluoranthene 

Benzo[k]fluoranthene 

Benzo[b+j+k]fluorene 

Benzo[a]fluorine 

Benzo[b]naphtha[2,l-d]thiophene 

Benzo[pqr]naphtha[8,1,2-

bcd]perylene 

Benzo[ghi]perylene 

Benzo[a]pyrene 

Benzo[e]pyrene 

Chrysene 

Coronene 

Cyclopenta[def]chrysene-4-one 

Cyclopent[hi]acephenanthrylene 

Cyclopenta[cd]benzo[ghi]perylene 

Cyclopenta[bc]coronene 

Cyclopenta[cd]fluoranthrene 

Cyclopenta[cd]pyrene 

Dibenz[a,c]anthracene 

Dibenz[a,h]anthracene 

Dibenz[a,j]anthracene 

Dibenzo[a,e]pyrene 

Dibenzo[e,l]pyrene 

Dibenzo[b,k]fluoranthene 

Dicyclopenta[cd,mn]pyrene 

Dicyclopenta[cd,jk]pyrene 

Fluoranthene 

Fluorene 

Indeno[123-cd]pyrene 

Naphtho[1,2-b]fluoranthene 

Naphtho[2,1-a]pyrene 

Phenanthrene 

Picene 

Pyrene 

Triphenylene 

Tribenzo[e,ghi,k]perylene 

4-Oxa-benzo[cd]pyrene-3,5-

dione 
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Table 6.1 (continued): Constituents of coal emission, by chemical class
421

. 

Compound Species  

Aldehydes and 

ketones 

Acetaldehyde 

Acetone 

Acrolein 

Benzaldehyde 

Butyraldehyde 

Crotonaldehyde 

Formaldehyde 

Hexaldehyde 

Isobutyraldehyde 

Isovaleraldehyde 

meta,para-Tolualdehyde 

ortho-Tolualdehyde 

Propionaldehyde 

Valeraldehyde 

2-Butanone 

2,4-Dimethylbenzaldehyde 

Carbon Elemental and organic 

Metals Na, Mg, Al, K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, As, 

Se, Br, Rb, Sr, Yt, Zr, Mo, Pd, Ag, In, Sn, Sb, Ba, La, Au, Hg, 

Tl, Pb 

Non-metals S, P, Si, Cl, Br 

Anions SO4
2-, Cl-, NO3

- 

Cations NH4
+, K+ 
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6.1.3.1 Particulate matters 

Particles emitted from coal combustion have different chemical composition and size. 

Particles which are larger than 4µm in diameter are inhalable but can‘t penetrate the 

lungs whereas particles smaller than 4µm in diameter can penetrate the lungs
422

. 

Although primarily affecting the airways, various mechanisms have been suggested by 

which particulate matter (PM) can induce damage to other organs including the liver. 

For instance, inhaled particles can transcend the alveolar-capillary barrier to enter the 

blood stream and deposit on the surface of endothelial cells of other organs such as the 

liver, kidney and heart
423

.  

Household air pollution from PM emitted from coal combustion has not been studied in 

the relationship with liver cancer in previous literature. However, a number of studies of 

PM in outdoor air pollution has shown the relationship with risk of liver cancer. 

 

Epidemiological studies 

A meta-analysis of PM in ambient air pollution and incidence of liver cancer has 

previously been published
424

. The meta-analysis included prospective cohort studies 

from Denmark, Austria, and Italy. Exposure to PM with a diameter of less than 10 µm 

(PM10), between 10 and 2.5 µm (PM2.5-10), and less than 2.5 µm (PM2.5) were measured 

at residential addresses at the baseline, and incidence of liver cancer was collected over 

time. After a mean follow-up of 17 years, 279 incident liver cancer cases were detected 

among 174,770 participants. The result showed that exposure to any type of PM 

increased the risk of liver cancer, however, none of these estimates reached statistical 

significance. The estimates of a 10 μg/m
3
 increase in PM10, PM2.5-10, PM2.5 in relation to 

the incidence of liver cancer were HR 1.44 (95% CI 0.83, 2.52), HR 1.34 (95% CI 0.65, 

2.78), and HR 1.34 (95% CI 0.76, 2.35), respectively
424

. 

The most recent study in Taiwan enrolled 385,650 participants and followed them over 

10 years to investigate deaths from gastrointestinal cancer
425

. Liver cancer deaths 

accounted for 611 of the total 1.591 gastrointestinal cancer deaths that occurred during 

follow-up, representing a mortality rate of 14.9 per 100,000 person-years. The study 

found that an increase of yearly average concentration of 10 µg/m
3
 of PM2.5 was 
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associated with an increased risk of liver cancer death of 13%  (HR 1.13, 95% CI 1.02, 

1.24)
425

.  

Another Taiwanese cohort study followed 1,003 HCC patients
426

. After 3.3 years of 

follow-up, 288 patients had died. Each increase of 10 µg/m³ in yearly average 

concentration of PM2.5 was found to be associated with an increased risk of HCC 

mortality (HR 1.29, 95% CI 1.03, 1.59)
426

.  

However, cohorts from US studies showed inconsistent results. One study investigated 

the impact of PM on survival after liver cancer diagnosis in 20,221 HCC patients
427

. 

PM2.5 exposure was identified as the average ambient PM2.5 from the date of liver 

cancer diagnosis. The study showed that for every increase of 5 µg/m
3
 of PM2.5, the risk 

of liver cancer mortality increased by 15% (HR 1.15, 95% CI 1.12, 1.18)
427

. However, 

another cohort study from the US including 623,000 participants who were followed for 

22 years did not find any association with PM2.5 concentration. The risk of liver cancer 

mortality per 4.5 μg/m3 of PM2.5  in this study was of HR 1.05 ( 95% CI 0.94, 1.16)
428

.  

In general, PM from ambient air pollution has shown some evidence with liver cancer 

risk and liver cancer mortality. However, PM from household air pollution has not been 

yet investigated in relation to liver cancer outcomes.  

 

Pre-clinical studies 

Several mechanistic studies have been conducted in mice, and generally support the 

damaging effect of exposure to ambient PM on liver cancer risk and progression.  

In a study from Brazil, mice were exposed to concentrated PM2.5 for one hour daily for 

3 months, and compared with an unexposed control group
429

. Blood samples were 

collected for analysis of antioxidant enzymes activities. Lung, liver, and kidney samples 

were extracted for DNA testing after euthanasia. The mice exposed to PM2.5 had altered 

antioxidant system activity in lung, liver, and erythrocytes. In addition, DNA tests of 

their lung, liver, and kidney showed higher levels of lesions related to oxidative stress in 

the exposed compared with the control group. The study concluded that exposure to 

pollutants can lead to DNA alteration, potentially impacting upon cancer cell 

progression
429

.  
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Another study in which rats were exposed to PM from wood smoke also showed that 

the toxicological effect of PM on the liver is related to oxidative stress and 

inflammation. The study showed that levels of ϵdG and ϵdA, two exocyclic DNA 

adducts derived from by-products of lipid peroxidation, significantly increase in liver of 

rats exposed to wood smoke particulate matter
430

. Liver tissue from these exposed rats 

also revealed increased gene expression of proinflammatory cytokines, heme-oxygenase 

1, and oxoguanine DNA glycosylase 1. The study concluded that exposure to wood 

smoke particulate matter induced oxidative stress in liver, which leads to hepatic 

inflammation and genetoxicity as a consequence
430

.  

In general, these mechanistic studies have shown that exposure to PM is related to 

changes in the liver such as oxidative stress and inflammation, which may in turn 

contribute to progress to hepatocellular carcinoma (HCC). 

 

6.1.3.2 Polycyclic aromatic hydrocarbons (PAH) 

PAH are pollutants derived from incomplete combustion of organic materials like coal, 

oil, petrol, or wood
431

. PAH are lipophilic and therefore are easily absorbed into the 

gastrointestinal tract
431

. The PAH group is made up of hundreds of chemical substances, 

in which benzo[a]pyrene (BaP) is the most well-known. The end product of PAH 

metabolism in human body is 7,8-dihydrodiol-9.10-epoxide benzo [a] pyrene
432

, which 

binds with nucleophilic sites of DNA to form PAH-DNA adducts, resulting in DNA 

mutation, abnormal gene expression, and ultimately tumorigenesis
433

.  

 

Epidemiological studies 

 

A case-control study has examined the association between PAH-DNA adducts and 

HCC. The PAH-DNA adducts levels were determined by staining intensity from liver 

tissues of 105 HCC cases and 37 non-HCC controls. The result showed that subjects 

who had highest tertile levels of PAH-DNA adducts were associated with an elevated 

risk of HCC (OR 3.9, 95% CI 1.0, 14.9) compared with those had lowest tertile levels, 

after adjusting for age, sex, and Hepatitis B surface antigen (HbsAg)
434

. 
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Another case-control study in Taiwan determined levels of PAH-albumin adducts from 

blood samples of 174 HCC cases and 776 matched controls. Compared with the lowest 

quantile of PAH-albumin adducts, those who had highest quantile were associated with 

an increased risk of HCC of OR 2.0 (95% CI 1.0, 4.2), after adjusting for smoking, 

alcohol intake, and HbsAg
435

. 

To my knowledge, no studies have been specifically investigated PAH in relation to 

liver cancer mortality. In general, the previous epidemiological studies found a positive 

association between PAH and liver cancer risk. However, they are limited in case-

control designs and therefore, a causal relationship could not be concluded. 

Furthermore, these studies were also limited in the number of subjects included, and so 

their results might not reflect the true association between PAH and liver cancer.  

  

 

Pre-clinical studies 

A study compared the occurrence of liver cancer incidence and of precancerous liver 

lesions of four groups of rats (20 rats per group) which were injected with different 

PAH types or concentrations with the control group which was injected with dimethyl 

sulfoxide
432

. The results showed that the percentage of the four groups injected with 

PAH by benzo[G,H,I]perylene, BaP (10mg/kg), BaP (20mg/kg), and anthracene 

(50mg/kg) which developed liver cancer was 21%, 26%, 35%, 27% by three months, 

respectively, compared with the control group in which none of the mice developed 

liver cancer. Similarly, the percentage of mice that developed precancerous liver lesions 

by three months in the experimental group was also high, at 68%, 74%, 65%, 56%, 

respectively, compared with the control group in which no mice developed 

precancerous liver lesions
432

. 

 

6.1.3.3 Arsenic 

Arsenic is an environmental hazard. The most common route of exposure to arsenic is 

by ingesting contaminating food but individuals can be exposed by drinking 

contaminated water, inhaling smoke from arsenic-containing coal or wood, or from 

occupational exposure such as wood treating and pesticide application
436

. Arsenic has 
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been classified as carcinogenic to humans (Group 1) by the International Agency for 

Research on Cancer (IARC)
437

.  

Epidemiological studies 

Although several studies have investigated arsenic from contaminated food or drinking 

water in relation to liver carcinogenesis
438

, there is little research on the association 

between arsenic from other inhaled methods of exposure and risk of liver cancer 

mortality. However, some research has been conducted in the Chinese province of 

Guizhou because coal deposits from this area, which are commonly used by locals for 

cooking, have high concentrations of arsenic
439

. Consequently arsenic levels in these 

households are 5 to 100 times higher than China‘s Air Quality Permission Standard
439

. 

A study
440

 followed 1,394 patients with arsenic poisoning from Guizhou for over 12.5 

years and observed raised, though not significantly,  standardised mortality rates (SMR) 

of liver cancer in both male and females 1.25 (95% CI 0.45, 2.73) and SMR 1.44 (95% 

CI 0.17, 5.19) 
440

.  

A prospective cohort study from the US investigated how urine concentration of arsenic 

is associated with risk of liver cancer mortality. The participants including 3,935 

American Indians were determined for arsenic species levels via urine samples
441

. After 

18 years of follow-up, 34 liver cancer deaths were identified. Compared with those who 

had the lowest 20
th

 percentiles of urine arsenic, those who had the highest 20
th

 

percentiles of urine arsenic  had a non-significant increased risk of liver cancer (RR 

1.34, 95% CI 0.66, 2.72)
441

.  

 

Pre-clinical studies 

Pre-clinical studies have shown evidence of an effect of arsenic on the liver. In one 

study a group of mice were exposed to arsenic-contaminated water and compared with a 

control group
442

. After 12 months, the exposed group had a significant increase in mean 

liver weight and significant increases in serum ALT and AST levels compared with the 

control group. The examination of liver histology also showed that the exposed group 

had hepatocellular degeneration, necrosis, fibrosis characterized by accumulated 

mononuclear cells and Kupffer cells.  
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Besides, liver is the main organ where arsenic metabolizes
443

. Once arsenic enters 

human body, it will be methylated into metabolites including monomethylarsonous acid 

(MMA
III

) and dimethylarsinous acid (DMA
III

), which are studied to be highly cytotoxic 

and genetoxic
444,445

.  Though these toxic metabolites will be further oxidized to less 

toxic forms, pentavalent metabolites like MMA
V
 and DMA

V
, however, studies have 

been shown that the presence of MMA
III

 and DMA
III 

can damage hepatic cells from 

acute toxicity before their transformation to the less toxic forms
444

.  

Also, arsenic has been associated with various liver diseases which can act as a 

precursor of liver cancer. For example, arsenic have been shown to alter hepatic 

enzymes aspartate transaminase (AST), alanine transaminase (ALT), alkaline 

phosphatase (ALP)
446

, associated with hepatomegaly
447

 and non-cirrhotic fibrosis
448

. In 

general, the toxicity of arsenic in liver diseases are studied to be caused by oxidative 

stress, activating c-Jun N-terminal kinases (JNK) and p38 mitogen-activated protein 

kinases (MAPK) and its upregulation of pro-apoptotic protein to activate hepatic 

apoptosis
443

. 

 

 

6.1.4 Elements of household air pollution and liver cancer 

6.1.4.1 Solid fuel use 

A previous cohort study from the China Kadoorie Biobank recruited 512,891 

participants and followed them up to 10 years to record chronic liver disease deaths. 

Among total of 2,460 deaths due to all chronic liver disease combined, liver cancer 

deaths were the highest (75%). The study found that people who used solid fuel for 

cooking increased the risk of liver cancer mortality however insignificantly (HR 1.22, 

95% CI 0.95-1.55)
449

. The sensitivity analysis for all chronic liver diseases combined 

including liver cancer showed that solid fuel use increased the mortality risk in HbsAg 

testing negative (HR 1.40, 95% CI 1.09, 1.80), in non-diabetic group (HR 1.35, 95% CI 

1.01–1.80), and after excluding three years post the baseline (HR 1.39, 95% CI 1.00–

1.94). This study though did not stratify the association of solid fuel use and liver 

diseases by smoking categories, however, found that smoking in solid fuel use 

accentuated the risk of all chronic liver disease deaths including liver cancer. 
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Specifically, compared to non-smokers who used clean fuel, non-smokers who used 

solid fuel increased the risk of HR 1.41 (95% CU 1.10, 1.82), smoker who used clean 

fuel increased the risk of HR 1.55 (95% CI 1.17, 2.06), and smoker who used solid fuel 

had the highest risk of chronic liver disease mortality (HR 1.71, 95% CI 1.32, 2.20) (p 

for trend <0.0001)
449

.  

An area-based study from the UK investigated rates of disease mortality and cancer 

mortality during 1993 to 2012
450

 according to coal use from 1951 to 1952 from the 

Ministry of Fuel and Power. The study showed that areas with higher domestic fuel use 

had higher risk of all-cause mortality (RR 1.061, 95% CI 1.058, 1.064) and risk of 

cancer mortality (RR 1.027, 95% CI 1.023, 1.031). They also showed that areas with 

higher domestic fuel use had higher risk of liver cancer mortality (RR 1.053, 95% CI 

1.019, 1.089)
450

. Though the study adjusted for some important confounding factors 

such as population density, unemployment, educational level, and social class, which 

are usually worse in areas with higher usage of coal, however there were still other 

residual confounding factors such as unhealthy habits (smoking, alcohol intake) and 

comorbidities that might affect the association between domestic fuel use and liver 

cancer mortality.  

However, a cross-sectional study conducted in Afghanistan found an inverse association 

between solid fuel use and risk of liver cancer mortality. This study surveyed 24,395 

households about solid fuel use and recorded the event of cancer morbidity and 

mortality via questionnaires
451

. The study found that solid fuel use inversely associated 

with both liver cancer morbidity (OR 0.36, 95% CI 0.15, 0.86) and liver cancer 

mortality (OR 0.32, 95% CI 0.13, 0.83). However, the timepoint of cancer occurrence 

was uncertain and also the duration of solid fuel use was not investigated in this study, 

therefore the inverse association of solid fuel use and liver cancer must be questioned.  

 

6.1.4.2 Location of cooking stove  

The evidence of the association between location of cooking stove and liver cancer 

mortality is limited. Only one previous cross-sectional study from Afghanistan has 

investigated this association. The study found that cooking indoors was associated with 

an inverse risk of liver cancer mortality (OR 0.31, 95% CI 0.13, 0.77) and cooking in a 
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separate building was not associated with liver cancer mortality (OR 0.65, 95% CI 0.27, 

1.53), compared with those cooking outdoors
451

.  

 

6.1.4.3 Passive smoking 

Epidemiological evidence for passive smoking and liver cancer are inconsistent.  

A meta-analysis consisting of 4 studies (2 cohort and 2 case-control studies) 

investigated the association between passive smoking and risk of liver cancer. The 

pooled result from the meta-analysis showed a null association between them (pooled 

RR 0.84, 95% CI 0.63, 1.12)
452

.  

However, the cross-sectional study conducted in Afghanistan surveyed households 

about exposure of household tobacco smoke, and found a significant association with 

liver cancer morbidity (OR 2.56, 95% CI 1.10, 5.96) but not liver cancer mortality (OR 

1.74, 95% CI 0.81, 3.72)
451

. However, this study did not differentiate household tobacco 

smoke due to active smoking or passive smoking. Furthermore, important confounding 

factors like alcohol intake, hepatitis infection, and comorbidities including diabetes 

were not considered. 

Another case-control study in China interviewed 314 incident HCC and 346 controls 

about exposure of environmental tobacco smoking
453

. The study showed a significant 

association between liver cancer and exposure of environmental tobacco smoking at 

home (OR 2.16, 95% CI 1.25, 3.72) and environmental tobacco smoking at work (OR 

1.90, 95% CI 1.08, 3.35). However, these results were not restricted to non-smoker 

only, and therefore the results could be confounded by personal tobacco smoking habits.  

Apart from the Afghanistan study, no other epidemiological study has investigated the 

association between passive smoking and liver cancer mortality. 

 

6.1.4.4 Pesticides 

Pesticides are chemical compounds mainly used in agriculture to control pests, 

including insects, rodents, fungi, bacteria, and unwanted plants. In public health, 

pesticides are used to kill vectors of diseases like mosquitoes, and rats
454

. People can be 
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exposed to pesticides via dermal contact, ingestion from residues in food and drinking 

water, or from inhalation
455

. Pesticides are listed as source contributing to household air 

pollution, according to the United States Environmental Protection Agency
456

.  

Pesticides are divided into major groups, such as organochlorine pesticides of which the 

most common are dichlorodiphenyltrichloroethane (DDT), organophosphorus 

pesticides, and carbamate pesticides
457

. Despite their common use, pesticides have been 

associated with a number of health effects on a range of organs, including neurological 

(depression and neurological deficits), respiratory (rhinitis, asthma, bronchitis), 

digestive (non-alcoholic fatty liver disease), reproductive (reduced fertility, spontaneous 

abortion, still births), and cancer
458

. Especially, DDT is known as persistent organic 

pollutant because it remains intact for a long period in environment, be able to travel for 

long distance in the atmosphere, and accumulate in fatty tissues
459

. DDT is classified as 

probably carcinogenic to humans (group 2A) by the International Agency for Research 

on Cancer
460

. Due to the toxicity of pesticides in general and of DDT specifically, many 

types of pesticides including DDT are now banned in most countries
461

. 

China is one of the largest pesticide users in the world, with a report in 2011 that it used 

1.8 million tons of pesticides annually
462

. Due to its high frequency of pesticide use, 

pesticides are often stored in people‘s houses for convenience
463

. A study in China 

reported that over 50% of interviewed households stated that they stored pesticides in 

their houses. A number of studies have linked use and storage of pesticides with health 

consequences
464,465

, however, limited studies have investigated the impact of pesticides 

on liver cancer.  

There are mixed findings on the potential association between pesticide and risk of liver 

cancer. A recent review investigated pesticides and liver cancer risk.  This review 

included 3 studies which used serum biomarkers of DDT (or its main metabolite 

dichlorodiphenyldichloroethylene, DDE), and observed a marked increase in liver 

cancer risk with ORs ranging from 2.96 to 4.07 
466

. The review included other studies in 

which exposure was based on self-report or occupation history or residential area but 

these did not show a consistent conclusion
466

. 

Another US liver cancer case-control study included in the review above investigated 

pesticide use, based upon reported use at area level
467

. The study found that among 

different classes of pesticides including organochlorines, organophosphates, and 
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carbamates, only high levels of organochlorine use (75
th

 percentile among controls) was 

associated with increased risks of liver cancer (OR 1.87, 95% CI 1.17, 2.99).  

However, a recent study did not show any significant association between 

organochlorine use and risk of liver cancer
468

. This study consisted of two different 

nested case-controls, one from the US and one from Norway. Pesticide exposure was 

based upon serum organochorine exposure. Overall, although there was some evidence 

of an dose response association between liver cancer risk and use of  p,p‘-DDT, 

oxychlordane, and trans-nonachlor, and β-HCH, none of these associations reached 

statistical significance
468

.  

Studies of pesticides in relation to liver cancer mortality are also limited. A study 

followed 3,261 men exposed to DDT and 1,209 unexposed to DDT in 40 years to 

investigate the relationship with cancer mortality. There were 51 deaths due to liver 

cancer in the exposed group and 21 deaths in the unexposed group. The study found no 

association between DDT exposure and risk of liver cancer mortality with RR 0.9 (95% 

CI 0.5, 1.4)
469

.  

 

6.1.4.5 Other elements 

To our knowledge, other elements of household air pollution like frequency of cooking, 

having cooking ventilation like chimney or extractor, duration of stove burning, heating 

house in the winter, coal-smoky house, and exhaled carbon monoxide (CO) have not 

been investigated with regards to their relationships with risk of liver cancer in previous 

literature.  

 

6.1.5 Rationale 

In China, liver cancer is the third most common cause of cancer incidence and 

mortality
470

. China has 19% of the world‘s population but accounts for nearly half of all 

liver cancer cases and deaths
6
. The consistently high incidence of liver cancer in 

China
471,470

 highlights the need for further research into risk factors for liver cancer in 

this country. Hepatitis B infection
472

, aflatoxin
473

, heavy alcohol intake, smoking, and 

obesity
474

 have been intensely studied as risk factors for liver cancer in China. However, 
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there has been little research into the impact of household air pollution on liver cancer 

risk which is of particular concern as there are various mechanisms whereby household 

air pollution could cause liver cancer and because exposure to household air pollution is 

so common in China.  

The aim of this study was to investigate the association between household air pollution 

and the risk of liver cancer mortality in a large Chinese population-based cohort study.  
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6.2 Methods 

6.2.1 Data source 

China Kadoorie Biobank (CKB) is a nationwide prospective study that recruited from 

2004 to 2008
475

. It included around 512,700 adults aged from 30 to 79 from ten regions 

across China including five rural and five urban areas. The aim of the study is to 

investigate the association between genetic and environmental exposures and risk of 

various health outcomes. Data were collected at the start of the study using 

questionnaires (capturing medical history, socio-demographic status and lifestyle factors 

including smoking, alcohol consumption, diet and physical activity). In addition, 

physical measurements and blood samples were taken. The cohort is being followed for 

health outcomes using linkages to health insurance databases and established registries, 

including death registries and chronic disease registries
476

. All participants provided 

written informed consent. The CKB has ethical approval from the China National 

Centre for Disease Control and from Oxford University
476

.  

 

6.2.2 Study design 

A prospective cohort study was conducted based upon the baseline survey of the CKB.   

Deaths within the cohort were based upon China's Disease Surveillance Points system 

(CDSP) which provides mortality statistics for the entire country. Cause of death were 

allocated by trained staff using version 10 of the International Classification of Disease 

codes (ICD10).  Medical records were reviewed (if available) where necessary to assign 

a cause of death. Active confirmation of vital status was also carried out by reviewing 

residential records and by visits to local communities.  

The primary outcome in this study was death in which liver cancer was the underlying 

cause (based upon ICD 10 codes C22) up to 31
st
 December 2014. Participants with a 

cancer diagnosis at the baseline or in the year after the baseline were excluded (as these 

cancers may have been present at baseline). Consequently, participants were followed 

from one year after the baseline until the earliest of the date of death, the date lost to 

follow-up, or 31
st
 December 2014.   
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6.2.3 Data collection 

Exposure of interest 

Exposure to indoor air pollution was captured in the baseline question.  Participants 

were asked to recall cooking and heating practices in their three most recent houses and 

were categorised based upon their exposure in these three houses
449

.  For instance, the 

current study defined ―regular cooking‖ as an individual who cooked daily or weekly
449

 

and therefore participants were assigned to three groups: always cooked regularly (i.e. 

cooked regularly in all three houses), never cooked (i.e. did not cook in any house) and 

not cooked regularly (i.e. cooked in some but not all houses). Then, in those reporting 

―regular cooking‖ the current study categorised fuel use as: always clean [gas or 

electricity], always solid [coal or wood] or mixed.  Similar categorisations were 

conducted for the following exposures: having an extractor fan or chimney (always, 

never, mixed), stove kept burning throughout the day (never, always, mixed), stove fuel 

use (always smokeless coal, always smoky coal, coal brick, mixed), location of stove 

(always inside, always outside, mixed), house heating in winter (never, always, mixed), 

heating fuel use (always clean [central heating or gas or electricity], always solid fuel 

[coal or wood], mixed), smoky house (never, still smoky, stop smoky). Additionally, the 

questionnaires also included information on whether a cohort member lived with a 

smoker (never, currently, previously), was exposed to smoking of other people (never, 

occasionally, 1-2 days per week, 3-5 days per week, daily) and the length of time 

storing pesticides in the house.  

Measuring of exhaled CO levels by an operated meter, a simple method to evaluate the 

level of carbon monoxide in participants‘ airway, was also investigated in this study at 

the baseline. Exhaled CO is commonly used to assess smoking status
477

, inflammatory 

disease of lung like asthma or COPD
477

, or to assess household air pollution
478

. The 

chosen cut-point of 7ppm value of exhaled CO to be the abnormal level of exposure to 

household air pollution was based on a previous study
478

.  

 

Covariates 

Data on demographic and lifestyle factors were also determined from questionnaire 

including age, sex, residential location (urban or rural), BMI measured during physical 



Page | 218  
 

examination (kg/m2 categorized as underweight [under 18.5], normal [18.5 to 24.9], 

overweight [25 to 29.9], obese [30 or more]), highest level of education (no formal 

school, primary, middle, high school, and university/college), range of household 

income (<4,999, 5,000-19,999, 20,000-34,999, and ≥35,000 yuan), smoking status 

(never, occasional, ex-regular, current smoker), alcohol consumption (never, ex-regular, 

occasional, monthly, reduced intake, weekly), daily physical activity was calculated as 

metabolic equivalent task hours per day (MET hours/day) based on hours spent on 

work, transportation, housework, and leisure activities, hepatitis B test result detected 

from blood samples (negative, positive), and self-reported comorbidities (diabetes, 

hypertension, chronic heart disease, stroke, cirrhosis/ chronic hepatitis, gallstone/ 

gallbladder disease, peptic ulcer). 

 

6.2.4 Statistical analysis 

Characteristics between individuals who died from liver cancer and the rest of cohort 

were compared using descriptive statistics for continuous variables and frequencies and 

percentages for categorical variables.  

The primary outcome was time to liver cancer-death and hence Cox proportional 

hazards regression models were used with age as the underlying time scale (participants 

were considered at risk from birth and under observation from age at baseline, left 

truncated).  Hazard ratios (HR) and associated 95% confidence interval (95% CI) were 

calculated for household air pollution in association with risk of liver cancer death. In 

the adjusted analysis, the model contained age, sex, living areas, BMI, highest level of 

education, household income, living with smoker, smoking status, alcohol consumption, 

physical activity, hepatitis B status, and comorbidities. 

Stratified analyses were conducted for some elements of household air pollution when 

there was a difference between unadjusted and fully adjusted associations. Interaction 

test via likelihood ratio test was also conducted if marked difference of estimates were 

observed between strata. 

All analyses were performed using Stata 14.0 (College Station, TX: StataCorp LP). 
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6.3 Results 

The China Kadoorie Biobank cohort contained 510,137 participants who were followed 

for up to 10 years (median=8.2 years, interquartile range 7.3 to 9.1 years) in whom there 

were 1604 liver cancer deaths. Individuals who died from liver cancer compared with 

the rest of the cohort were more likely to be older, male, live in rural areas, be 

underweight, have lower education levels, have lower income, have higher alcohol 

consumption, smoke, test positive for hepatitis B, and suffer from various comorbidities 

including diabetes and hypertension (Table 6.2). 
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Table 6. 2: Characteristics of individuals who died from liver cancer and /comparators in China Kadoorie 

Biobank 

 China Kadoorie Biobank 

Liver cancer deaths Controls 

Number of individuals 1,604 508,533 

Median follow-up years 4.4 8.2 

(lower IQR, upper IQR) (2.3, 6.3) (7.3, 9.1) 

Year of diagnosis:  2004-2009 597 (37.2%)  

                            2010-2014 1,007 (62.8%)  

   

Age at baseline:             30-39 60 (3.7%) 77,460 (15.2%) 

                                   40-49 244 (15.2%) 152,068 (29.9%) 

                                   50-59 554 (34.5%) 156,094 (30.7%) 

                                   60-69 508 (31.6%) 90,513 (17.7%) 

                                   70+ 238 (14.8%) 32,398 (6.3%) 

   

Male 1,089 (67.9%) 208,148 (40.9%) 

   

Rural areas 997 (62.2%) 284,382 (55.9%) 

   

BMI: Underweight 100 (6.2%) 22,040 (4.3%) 

          Normal 1,078 (67.2%) 318,866 (62.7%) 

          Obese 379 (23.6%) 146,844 (28.9%) 

          Overweight 47 (2.9%) 20,781 (4.1%) 

   

Highest education:    

  No formal school 390 (24.3%) 94,333 (18.5%) 

  Primary school 642 (40.0%) 163,631 (32.2%) 

  Middle school 357 (22.3%) 143,910 (28.3%) 

  High school 155 (9.7%) 76,956 (15.1%) 

  University/college 60 (3.7%) 29,703 (5.8%) 

   

Household income:   

  <4,999 yuan 280 (17.4%) 49,553 (9.7%) 

  5,000-19,999 yuan 818 (51.0%) 241,518 (47.4%) 

  20,000-34,999 yuan 302 (18.8%) 125,774 (24.7%) 

  ≥35,000 yuan 204 (12.7%) 91,688 (18.0%) 

   

Alcohol consumption:   

  Never  636 (39.6%) 233,115 (45.8%) 

  Ex-drinker 103 (6.4%) 8,980 (1.8%) 

  Current drinker 865 (53.9%) 266,438 (52.4%) 
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Table 6.2 (continued): Characteristics of individuals who died from liver cancer and 

/comparators in China Kadoorie Biobank 

 China Kadoorie Biobank 

 Liver cancer deaths Controls 

Smoking status:   

  Never smoke 594 (37.0%) 315,227 (62.0%) 

  Ex-smoker 214 (13.3%) 29,891 (5.9%) 

  Current smoker 796 (49.7%) 163,415 (32.1%) 

   

Hepatitis B   

  Negative 1,127 (70.3%) 481,880 (94.8%) 

  Positive 407 (25.4%) 15,047 (3.0%) 

  Unclear 33 (2.1%) 3,484 (2.7%) 

  Missing 37 (2.3%) 8,122 (1.6%) 

   

Comorbidities:   

  Diabetes 165 (10.3%) 29,841 (5.9%) 

  Hypertension 216 (13.5%) 59,092 (11.6%) 

  CHD 58 (3.6%) 15,271 (3.0%) 

  Stroke 39 (2.4%) 8,781 (1.7%) 

  Cirrhosis/ Chronic hepatitis 167 (10.4%) 5,972 (1.2%) 

  Peptic ulcer 81 (5.1%) 19,791 (3.9%) 

  Gallstone/ Gallbladder disease   172 (10.7%) 30,611 (6.0%) 
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The association between household air pollution and risk of liver cancer mortality is 

shown in Table 6.3. Compared with participants who cooked regularly (daily or 

weekly), participants who did not cook regularly and participants who did not cook had 

an increased risk of liver cancer mortality (unadjusted HR 1.49, 95% CI 1.31, 1.70 and 

unadjusted HR 2.31, 95% CI 2.01, 2.65, respectively). However, their risks were 

attenuated after adjustment for covariates (adjusted HR 1.10, 95% CI 0.96, 1.27 and 

adjusted HR 0.99, 95% CI 0.84, 1.17, respectively). Further analysis stratified by gender 

showed similar results. 

 

Among participants who ever cooked, solid fuel users had increased risk of liver cancer 

mortality compared with clean fuel users (adjusted HR 1.27, 95% CI 1.01, 1.59). Mixed 

fuel use was not associated with liver cancer mortality (adjusted HR 1.03, 95% CI 0.84, 

1.27). The association between fuel use and liver cancer mortality differed by sex (P for 

interaction 0.003), smoking status (P for interaction=0.007), and location of residence 

(P for interaction=0.11). Specifically, the association between solid fuel use and liver 

cancer mortality appeared stronger in female (adjusted HR 2.17, 95% CI 1.38, 3.41) 

than in male participants (adjusted HR 0.91, 95% CI 0.70, 1.18). The association was 

stronger in non-smokers compared with smokers (adjusted HR in non-smokers =2.05, 

95% CI 1.37, 3.06; adjusted HR in current smokers = 1.09, 95% CI 0.79, 1.5).  

Similarly, the association between solid fuel use and liver cancer mortality appeared 

stronger in individuals residing in rural areas (adjusted HR 1.97, 95% CI 1.20, 3.23) 

than in urban areas (adjusted HR 1.16, 95% CI 0.87, 1.57).   

 

The types of cooking oil used and use of chimney for ventilation were not associated 

with liver cancer mortality.   

 

Participants who always kept the stove burning during the day had increased risk of 

liver cancer mortality (adjusted HR 1.21, 95% CI 1.02, 1.44) compared with 

participants who never keep stove burning during the day.  Among types of fuel used 

for keeping stove burning, participants who used coal brick or coalite showed a 

decreased risk of liver cancer mortality (adjusted HR 0.82, 95% CI 0.68, 0.99), 
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compared with smokeless coal users. Participants whose stove was inside their house 

had an increased risk of liver cancer mortality compared with participants with an 

outdoors stove (unadjusted HR 1.27, 95% CI 1.07, 1.51), but this was attenuated after 

adjustment for confounders (adjusted HR 1.13, 95% CI 0.93, 1.37). 

 

There was little evidence of a difference in liver cancer mortality when comparing 

participants who always compared with never heated their house in winter (adjusted HR 

1.06, 95% CI 0.94, 1.19). Use of solid fuel for heating was associated with higher risk 

of liver cancer mortality compared to use of clean fuel (unadjusted HR 1.41, 95% CI 

1.13, 1.75), but the associated was weaker after adjusting for covariates (adjusted HR 

1.20, 95% CI 0.93, 1.54).  

Compared to participants who were never exposed to a coal-smoky house in the winter, 

participants who stated their house still had been smoky in the winter at the time of 

questionnaire had a slightly increased risk of liver cancer mortality (adjusted HR 1.13, 

95% CI 0.99, 1.30), and those who stated their house stopped being smoky in the winter 

was not associated with liver cancer mortality 1.03, 95% CI 0.88, 1.22). 

 

Storage of pesticide inside the house did not show any association with risk of liver 

mortality (adjusted HR 0.91, 95% CI 0.80, 1.04). 

 

The association between exposure to tobacco smoke and other elements of household 

air pollution is shown in Table 6.4. Participants who had previously lived with or were 

currently living with a smoker did not appear to have a higher risk of death from liver 

cancer compared with those who never lived with a smoker (adjusted HR=1.05, 95% CI 

0.94, 1.20 and adjusted HR 1.08, 95% CI 0.94, 1.24, respectively).  However, when 

looking at the duration of time living with a smoker, those who had lived with a smoker 

for over 40 years had a slightly increased risk of death from liver cancer compared with 

those who never lived with smoker (HR 1.18, 95% CI 1.00, 1.40). Stratified analyses 

did not show any marked differences in the association between living with a smoker 

and death from liver cancer by gender or by smoking status. Participants who were 



Page | 224  
 

exposed to second-hand smoke either at home, workplace or public place did not show 

any relationship with risk of liver cancer mortality. The risk of death from liver cancer 

did not appear to differ by how regularly participants were exposed to smoke based 

upon number of times per week or duration of exposure per week. 

 

Higher levels of exhaled CO were associated with higher risk of liver cancer mortality. 

Compared with people who had exhaled carbon monoxide level less than 7ppm, those 

who exhaled carbon monoxide at higher levels showed a higher association with liver 

cancer mortality (7-14ppm, unadjusted HR 1.58, 95% CI 1.38, 1.80 and greater than 

14ppm, unadjusted HR 1.89, 95% CI 1.66, 2.15). However, these associations were 

attenuated to the null after fully adjusting for covariates (7-14ppm, adjusted HR 1.01, 

95% CI 0.88, 1.17 and greater than 14ppm, adjusted HR 1.05, 95% CI 0.90, 1.22, 

respectively). An adjusted model that excluded smoking as a covariate showed a small 

increased risk of liver cancer mortality (7-14ppm, adjusted HR 1.09, 95% CI 0.95, 1.25 

and greater than 14ppm, adjusted HR 1.16, 95% CI 1.01, 1.33). The interaction test 

between exhaled CO with smoking categories was not significant (p for 

interaction=0.52). Stratifying analysis by smoking categories showed similar results to 

the main analysis.  
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Table 6. 3: The association between household air pollution and risk of liver cancer mortality in China 

Kadoorie Biobank 

   Unadjusted Adjusted 

 
Liver 

cancer, n 

Person-

years 
HR (95% CI) 

P-

value 
HR (95% CI) 

P-

value 

       

Frequency of cooking   cases=1,461  cases=1,428  

  Always cooked 

regularly (daily/weekly) 358 1159855 1.00 (ref.)  1.00 (ref.) 
 

  Not cooked regularly 613 1667444 1.49 (1.31, 1.70) <0.001 1.10 (0.96, 1.27) 0.15 

  Never cooked 490 792170 2.31 (2.01, 2.65) <0.001 0.99 (0.84, 1.17) 0.95 

       

Stratified frequency of cooking by sex     

  Male   cases=994  cases=967  

    Always cooked regularly 120 196893 1.00 (ref.)  1.00 (ref.)  

    Not cooked regularly 392 552270 1.27 (1.03, 1.56) 0.021 1.23 (1.00, 1.52) 0.048 

    Never cooked 482 711443 1.21 (0.99, 1.48) 0.05 1.10 (0.89, 1.37) 0.34 

       

  Female   cases=467  cases=461  

    Always cooked regularly 238 962961 1.00 (ref.)  1.00 (ref.)  

    Not cooked regularly 221 1115174 1.11 (0.92, 1.34) 0.26 1.01 (0.83, 1.23) 0.86 

    Never cooked 8 80726 0.76 (0.37, 1.55) 0.45 0.84 (0.41, 1.72) 0.65 

  P for interaction       0.42 

       

Main cooking fuel use   cases=971  cases=950  

Always clean[gas/electricity] 162 637903 1.00 (ref.)  1.00 (ref.)  

Always solid [wood/coal] 570 1406024 1.30 (1.09, 1.55) 0.003 1.27 (1.01, 1.59) 0.035 

 Mixed 237 777910 0.86 (0.70, 1.05) 0.14 1.03 (0.84, 1.27) 0.75 

       

Stratifying cooking fuel use by sex      

  Female   cases=459  cases=453  

    Always clean 29 374658 1.00 (ref.)  1.00 (ref.)  

    Always solid 305 1098963 2.81 (1.92, 4.12) <0.001 2.17 (1.38, 3.41) 0.001 

    Mixed 125 601818 1.76 (1.17, 2.64) 0.006 1.56 (1.03, 2.36) 0.032 

       

  Male   cases=512  cases=497  

    Always clean 133 263244 1.00 (ref.)  1.00 (ref.)  

    Always solid 265 307060 1.38 (1.11, 1.70) 0.003 0.91 (0.70, 1.18) 0.78 

    Mixed 112 176092 0.99 (0.77, 1.28) 0.96 1.03 (0.79, 1.35) 0.51 

  P for interaction      0.003 
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Table 6.3 (continued). The association between household air pollution and risk of liver cancer mortality in 

China Kadoorie Biobank. 

   Unadjusted Adjusted 

 
Liver 

cancer, n 

Person-

years 
HR (95% CI) 

P-

value 
HR (95% CI) 

P-

value 

      

       

  Stratifying cooking fuel use by smoking categories    

  Non-smoker   cases=469  cases=462  

    Always clean 42 409064 1.00 (ref.)  1.00 (ref.)  

    Always solid 299 1076489 2.24 (1.62, 3.09) <0.001 2.05 (1.37, 3.06) <0.001 

    Mixed 128 597341 1.42 (1.00, 2.03) 0.046 1.47 (1.02, 2.12) 0.035 

  Smoker   cases=114  cases=110  

    Always clean 276 396883 1.00 (ref.)  1.00 (ref.)  

    Always solid 409 485740 1.21 (0.97, 1.51) 0.08 0.98 (0.74, 1.30) 0.93 

    Mixed 274 350560 0.88 (0.67, 1.14) 0.35 0.86 (0.66, 1.13) 0.30 

P for interaction      0.007 

       

  Stratifying cooking fuel use by living areas     

  Rural area   cases=546  cases=526  

    Always clean 18 86592 1.00 (ref.)  1.00 (ref.)  

    Always solid 486 1246761 1.55 (0.97, 2.49) 0.06 1.97 (1.20, 3.23) 0.007 

    Mixed 40 145590 1.19 (0.68, 2.09) 0.52 1.81 (1.02, 3.22) 0.041 

  Urban area   cases=425  cases=424  

    Always clean 144 551310 1.00 (ref.)  1.00 (ref.)  

    Always solid 84 159262 1.26 (0.96, 1.67) 0.09 1.16 (0.87, 1.57) 0.29 

    Mixed 197 632320 0.81 (0.65, 1.01) 0.07 0.95 (0.76, 1.20) 0.71 

P for interaction      0.11 
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Table 6.3 (continued). The association between household air pollution and risk of liver cancer mortality 

in China Kadoorie Biobank. 

   Unadjusted Adjusted 

 
Liver 

cancer, n 

Person-

years 
HR (95% CI) 

P-

value 
HR (95% CI) 

P-

value 

       

  Main cooking oil used   cases=971  cases=950  

    Always oil 665 1888667 1.00 (ref.)  1.00 (ref.)  

    Always lard 97 260693 1.12 (0.90, 1.38) 0.29 0.97 (0.77, 1.22) 0.83 

    Others 84 200565 1.21 (0.96, 1.52) 0.09 1.08 (0.86, 1.37) 0.48 

    Mixed 125 477373 0.71 (0.59, 0.86) 0.001 0.82 (0.68, 1.00) 0.05 

       

  Having chimney/extractor  cases=1,461  cases=1,428  

    Always 192 535015 1.00 (ref.)  1.00 (ref.)  

    Never 314 702813 1.15 (0.96, 1.38) 0.11 1.12 (0.93, 1.36) 0.20 

    Mixed 955 2380683 0.93 (0.79, 1.10) 0.43 1.09 (0.93, 1.28) 0.42 

       

  Stoves kept burning all day  cases=1,461  cases=1,426  

    Never 564 1579040 1.00 (ref.)  1.00 (ref.)  

    Always 250 555706 1.42 (1.22, 1.65) <0.001 1.21 (1.02, 1.44) 0.027 

    Mixed 647 1483764 1.24 (1.10, 1.39) <0.001 1.11 (0.98, 1.26) 0.08 

       

  Types of fuel most commonly used cases=897  cases=879  

    Always smokeless 

coal 320 682214 1.00 (ref.)  1.00 (ref.)  

    Always smoky coal 105 259916 0.83 (0.66, 1.03) 0.10 0.85 (0.67, 1.09) 0.21 

    Always coal brick/ 

Coalite 238 568671 0.89 (0.75, 1.06) 0.20 0.82 (0.68, 0.99) 0.044 

    Mixed 230 521808 1.01 (0.85, 1.20) 0.84 1.01 (0.84, 1.20) 0.90 

       

  Location of stove   cases=897  cases=879  

    Always outdoor 158 385159 1.00 (ref.)  1.00 (ref.)  

    Always indoor 720 1583656 1.27 (1.07, 1.51) 0.006 1.13 (0.93, 1.37) 0.20 

    Mixed 19 70655 0.77 (0.48, 1.24) 0.29 0.71 (0.43, 1.17) 0.18 
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Table 6.3 (continued). The association between household air pollution and risk of liver cancer mortality 

in China Kadoorie Biobank. 

   Unadjusted Adjusted 

 
Liver 

cancer, n 

Person-

years 
HR (95% CI) 

P-

value 
HR (95% CI) 

P-

value 

       

  Heating house in winter  cases=1461  cases=1428  

    Never 583 1413055 1.00 (ref.)  1.00 (ref.)  

    Always 749 1801149 1.09 (0.98, 1.22) 0.09 1.06 (0.94, 1.19) 0.31 

    Mixed 129 405265 0.85 (0.68, 0.99) 0.049 0.82 (0.67, 1.00) 0.05 

       

  The main heating fuel use  cases=878  cases=873  

    Always clean fuel 94 315464 1.00 (ref.)  1.00 (ref.)  

    Always solid fuel 625 1430082 1.41 (1.13, 1.75) 0.002 1.20 (0.93, 1.54) 0.15 

    Mixed 147 445153 1.00 (0.77, 1.29) 0.99 1.07 (0.82, 1.40) 0.57 

           

  House tends to be coal-smoky in the 

winter cases=1,461  cases=1,428  

    Never 586 1519410 1.00 (ref.)  1.00 (ref.)  

    Still smoky 651 1449148 1.29 (1.15, 1.44) <0.001 1.14 (1.00, 1.30) 0.045 

    Stop smoky 224 650911 0.89 (0.77, 1.04) 0.17 1.03 (0.88, 1.22) 0.64 

       

Storage of pesticides   cases=1,461  cases=1,428  

    No 873 65976 1.00 (ref.)  1.00 (ref.)  

    Yes 588 1394520 1.18 (1.06, 1.32) 0.001 0.91 (0.80, 1.04) 0.18 

       

 

Model contains age, sex, living area, BMI, highest education, household income, smoking, alcohol intake, 

physical activity, HBV infection, comorbidities (diabetes, hypertension, CHD, stroke, cirrhosis, hepatitis, 

peptic ulcer, gallbladder or gallstone disease). 
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Table 6. 4: The association between smoking (first-hand and second-hand) and risk of liver cancer 

mortality in China Kadoorie Biobank. 

   Unadjusted Adjusted
a 

 
Liver 

cancer, n 
Person-years HR (95% CI) P-value HR (95% CI) 

P-

value 

Smoking categorization  cases=994  cases=967  

  Non-smoker  535 2261128 1.00 (ref.)  1.00 (ref.)  

  Ex-smoker 191 205539 2.76 (2.33, 3.26) <0.001 1.47 (1.19, 1.82) <0.001 

  Current smoker 735 1152802 2.64 (2.36, 2.95) <0.001 1.33 (1.11, 1.58) 0.001 

       

Living with smoker  cases=1,461  cases=1,428  

  Never 421 892994 1.00 (ref.)  1.00 (ref.)  

  Living in the past 528 1119655 1.00 (0.88, 1.14) 0.93 1.05 (0.94, 1.20) 0.42 

  Currently living 512 1606819 0.74 (0.65, 0.85) <0.001 1.08 (0.94, 1.24) 0.24 

  Duration of living with smoker     

  Never lived with 

smoker 421 892994 1.00 (ref.)  1.00 (ref.)  

   1 - 20 years 359 881081 0.96 (0.83, 1.11) 0.61 1.02 (0.89, 1.18) 0.71 

   21-40 years 401 1187323 0.85 (0.74, 0.98) 0.028 1.05 (0.91, 1.21) 0.48 

   > 40 years 280 658070 0.76 (0.65, 0.89) 0.001 1.18 (1.00, 1.40) 0.041 

       

Stratified by sex and smoking categories     

Male non-smoker   cases=115  cases=112  

  Never lived with 

smoker 47 104363 1.00 (ref.)  1.00 (ref.)  

  Lived with smoker 

in the past 42 71257 1.41 (0.93, 2.14) 0.10 1.33 (0.87, 2.05) 0.18 

  Currently live with 

smoker 26 32994 1.52 (0.94, 2.45) 0.08 1.58 (0.96, 2.60) 0.06 

       

Male smoker (current/ex)  cases=879  cases=855  

  Never lived with 

smoker 284 432452 1.00 (ref.)  1.00 (ref.)  

  Lived with smoker 

in the past 363 542531 1.07 (0.91, 1.25) 0.38 1.09 (0.93, 1.28) 0.26 

  Currently live with 

smoker 232 277008 1.13 (0.95, 1.35) 0.15 1.17 (0.98, 1.40) 0.07 
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Table 6.4 (continued). The association between smoking (first-hand and second-hand) and risk of liver cancer 

mortality in China Kadoorie Biobank. 

   Unadjusted Adjusted 

 
Liver 

cancer, n 
Person-years HR (95% CI) P-value HR (95% CI) 

P-

value 

Female non-smoker   cases=420  cases=416  

  Never lived with 

smoker 85 348285 1.00 (ref.)  1.00 (ref.)  

  Lived with smoker 

in the past 106 473387 0.86 (0.64, 1.14) 0.31 0.80 (0.60, 1.07) 0.14 

  Currently live with 

smoker 229 1230840 0.94 (0.73, 1.22) 0.68 0.86 (0.67, 1.11) 0.27 

       

Female smoker (current/ex)  cases=47  cases=45  

  Never lived with 

smoker 5 7893 1.00 (ref.)  1.00 (ref.)  

  Lived with smoker 

in the past 17 32478 0.80 (0.29, 2.18) 0.67 0.74 (0.26, 2.05) 0.56 

  Currently live with 

smoker 25 65976 0.75 (0.28, 1.99) 0.57 0.68 (0.25, 1.83) 0.45 

       

Exposed to people’s smoke at home or 

working place cases=1,461  cases=1,428  

  Never 256 582071 1.00 (ref.)  1.00 (ref.)  

  Occasionally 328 768681 1.14 (0.97, 1.34) 0.11 0.94 (0.79, 1.12) 0.53 

  1-2 days per week 143 328036 1.32 (1.08, 1.63) 0.007 1.00 (0.81, 1.24) 0.93 

  3-5 days per week 156 438319 1.20 (0.98, 1.47) 0.06 0.90 (0.73, 1.10) 0.33 

  Daily 578 1502360 1.26 (1.09, 1.47) 0.002 1.03 (0.88, 1.21) 0.65 

       

  Duration of smoke exposure per week
†
           

   1-10h 519 1391225 1.09 (0.97, 1.23) 0.13 0.99 (0.87, 1.12) 0.89 

   11-20h 151 339811 1.39 (1.16, 1.66) <0.001 1.18 (0.98, 1.42) 0.06 

   > 20h 207 537642 1.27 (1.08, 1.49) 0.004 1.06 (0.90, 1.26) 0.42 
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Table 6.4 (continued). The association between smoking (first-hand and second-hand) and risk of liver cancer 

mortality in China Kadoorie Biobank. 

   Unadjusted Adjusted 

 
Liver 

cancer, n 
Person-years HR (95% CI) P-value HR (95% CI) 

P-

value 

       

  Exhaled CO   cases=1461  cases=1428  

    <7 ppm 832 2461265 1.00 (ref.)  1.00 (ref.)  

    7-13.9 ppm 305 567740 1.58 (1.38, 1.80) <0.001 1.01 (0.88, 1.17) 0.80 

    >=14 ppm 324 590465 1.89 (1.66, 2.15) <0.001 1.05 (0.90, 1.22) 0.48 

       

Stratifying by smoking category     

  Never smoker    cases=535  cases=528  

    <7 ppm 447 1910519 1.00 (ref.)  1.00 (ref.)  

    7-13.9 ppm 51 229133 0.98 (0.73, 1.31) 0.90 0.92 (0.68, 1.24) 0.60 

    >=14 ppm 37 121474 1.37 (0.98, 1.92) 0.06 1.18 (0.83, 1.67) 0.33 

       

  Ex-smoker   cases=191  cases=185  

    <7 ppm 155 167843 1.00 (ref.)  1.00 (ref.)  

    7-13.9 ppm 26 26896 1.08 (0.71, 1.63) 0.71 1.08 (0.71, 1.65) 0.70 

    >=14 ppm 10 10799 1.07 (0.56, 2.03) 0.82 0.89 (0.46, 1.72) 0.73 

       

  Smoker    cases=735  cases=715  

    <7 ppm 230 382901 1.00 (ref.)  1.00 (ref.)  

    7-13.9 ppm 228 311710 1.23 (1.03, 1.48) 0.022 1.08 (0.89, 1.32) 0.39 

    >=14 ppm 277 458190 1.21 (1.02, 1.45) 0.028 1.09 (0.89, 1.32) 0.37 

P for interaction      0.52 

       

       

 † 
The referent group are those who never exposed to people‘smoke at home or working place  

 
Model contains age, sex, living area, BMI, highest education, household income, smoking, 

alcohol intake, physical activity, HBV infection, comorbidities (diabetes, hypertension, CHD, 

stroke, cirrhosis, hepatitis, peptic ulcer, gallbladder or gallstone disease). 
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6.4 Discussion 

6.4.1 Main results 

In general, this study found that use of solid fuel for cooking increased the risk of 

liver mortality by 27% compared to those who used clean fuel. Individuals who kept 

the stove burning all day had an increased risk of liver cancer mortality by 21%. Use 

of coal brick or coalite for stove fuel was associated with a decreased the risk of liver 

cancer mortality by 18% compared with people who used smokeless coal. For those 

who have had a smoky house an increased the risk of liver mortality of 14% was 

observed. Living with a smoker or being exposing to other people‘s smoke were 

found not to increase the risk of liver cancer mortality, though there was an increased 

risk of 18% in those who lived with a smoker for more than 40 years. Finally, levels 

of exhaled carbon monoxide were not found to be associated with risk of liver cancer 

mortality once adjustments for confounders were made. Other household air 

pollution factors did not appear to influence liver cancer mortality 

 

Findings is this study are consistent with a previous cohort study
449

 conducted from 

China Kadoorie Biobank about the relationship between solid fuel use in cooking 

and risk of chronic liver disease mortality, including liver cancer mortality. The 

current study found an increased risk of liver cancer mortality by 27% (95% CI 1.01, 

1.59) in solid fuel users compared to clean fuel, while the previous study found an 

increased risk of 22% (95% CI 0.95-1.55). The small difference in the magnitude of 

the results could be explained by the exclusion criteria, which made the number of 

participants in the previous study smaller than the current study. Furthermore, in the 

current study the association of solid fuel use and liver cancer mortality was further 

investigated in stratified analyses and found that the associations were elevated 

markedly in women, in non-smokers, and in those who lived in rural areas, whilst the 

previous study did not investigate this. In addition, the current study investigated a 

full range of other factors related to household air pollution including frequency of 

cooking, having chimney/extractor, duration of stove burning and location of stove, 
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living in a smoky house, exposure of passive smoking, exhaled CO, and pesticide 

storage, whilst the previous study only investigated fuel use in cooking.  

Findings of solid fuel use in the current study are also in line with a previous UK 

study in relation with liver cancer mortality. This ecological study found that areas 

with higher domestic use of coal was associated with a higher risk of liver cancer 

mortality (RR 1.05, 95% CI 1.02, 1.09)
450

. However, findings in the current study are 

opposite to findings of the cross-sectional study from Afghanistan
451

 that showed that 

both solid fuel use compared with non-solid use for cooking (OR=0.32, 95% CI 0.13, 

0.83) and that cooking food inside the house compared with outside the house (OR 

0.31, 95% CI 0.13, 0.77) were associated with reduced liver cancer mortality. In 

contrast the current study found an increased risk with solid fuel use and no 

association with stove inside or outside the house. As previously explained the 

differences the problems of cross-sectional design used in the Afghanistan study. 

 

The present study also found that people who always kept their stove burning 

throughout the day had increased risk of liver cancer mortality with HR 1.21 (95% 

CI 1.02, 1.44), and those who had a smoky house increased the risk with HR 1.14 

(95% CI 1.00, 1.30). According to my knowledge, no previous article studied the 

role of these factors in relationship with liver cancer. Another case-control study also 

found an increased risk of liver cancer between household air pollution and risk of 

liver cancer
453

. However, this study did not provide details on how exposure to 

indoor air pollution was determined and therefore the results are difficult to interpret.  

 

The result of null relationship between exposure of environmental tobacco smoke 

and liver cancer is similar to other studies. A meta-analysis
452

 including 4 studies (2 

cohort, 2 case-control) showed no relationship between environmental tobacco 

smoke and liver cancer with a pooled estimate of OR 0.84, 95% CI 0.63, 1.12. 

However in the current study participants who were exposed to tobacco smoke for 

more than 40 years had increased risk of liver cancer mortality by 18% (95% CI 

1.00, 1.40) compared to those who never lived with smoker. However, this finding is 

different with a previous study which found no association between duration of 
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passive smoking and risk of liver cancer
479

. Another recent study in Afghanistan
451

 

explored the link between household tobacco smoke and cancer morbidity and 

mortality. This cross-sectional study showed that residents who were exposed to 

household tobacco smoke had markedly higher increased risks of liver cancer 

morbidity (OR 2.56, 95% CI 1.10, 5.96) and mortality (OR 1.74, 95% CI 0.81, 3.72). 

However cross–sectional studies are known to have various weakness (such as it is 

less likely to infer the causal relationship between exposure and the outcome due to 

they are both collected at the same time, reflects prevalence rather than incidence, 

and more susceptible to bias)
480

 which might explain the difference. For exhaled CO, 

to my knowledge, the current study is the first one investigating its relationship with 

liver cancer mortality, in which no association was found between them.  

 

The current finding of no association between pesticide storage and risk of liver 

cancer mortality is consistent with a previous cohort study in Italy which reported a 

RR of 0.9 (95% CI 0.5, 1.4)
469

. However, these finding are not in line with other 

reported studies on risk of liver cancer, which found an elevated risk with pesticide 

exposure
466,467

.  

 

The underlying mechanism explaining any increased risk of liver cancer with 

household air pollution is not yet determined. Since household air pollution mostly 

involves solid fuel burning for cooking or heating, the explanation could be related to 

hazardous chemicals emitted from incomplete coal or wood combustion. Many 

elements which results from solid fuel combustion such as particulate matter, carbon 

monoxide, benzene, polycyclic aromatic hydrocarbons, arsenic have been shown to 

increase the risk of liver cancer in both laboratory and epidemiological studies, as 

described in detail in Section 6.1.3. In general, these elements alter activity of 

antioxidant system
429

, induce inflammation, upregulate of pro-apoptotic protein to 

activate hepatic apoptosis
443

, and genetoxicity
430

. Also, studies have shown that 

elements like arsenic alter hepatic enzymes AST, ALT, ALP
446

, associated with 

hepatomegaly
447

 and non-cirrhotic fibrosis
448

. Inhalation of particulate matter has 

been shown to be associated with development of NAFLD
481

, especially in obese 

people, which further progresses to NASH or cirrhosis in later steps
423

. An 
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experimental study also discovered that inhalation of particulate matter directly 

promotes hepatic fibrosis via accumulation of excessive extracellular matrix in liver 

tissue on rats
482

. Finally, the most recent study showed that exposure to smoke from 

solid fuel use is associated with higher risk of chronic liver diseases
449

.  

 

6.4.2 Strengths 

The epidemiological evidence of household air pollution and liver cancer are scarce. 

To our knowledge, this study is the first one to investigate exposure to detailed 

aspects and sources of household air pollution and liver cancer by using a large 

prospective cohort design. A strength of the study was that liver cancer mortality was 

taken from death registry records recorded by staff blind to baseline information
449

. 

Detailed information on exposure to household air pollution was collected routinely 

years prior to liver cancer onset and the information was taken in the most recent 

three houses that people lived, capturing exposure to pollution over a large 

proportion of people‘s lifetimes. This study also adjusted for a range of important 

covariates that possibly relate to both household air pollution and liver cancer 

(including sex, age, BMI, residential location, education levels, household income, 

smoking and alcohol consumption, physical activity, blood test of hepatitis B 

infection, comorbidities including diabetes and chronic liver diseases). 

 

6.4.3 Limitations 

However, this study has a number of limitations. First, questions about household air 

pollution were based on self-report therefore measurement error in the air pollution is 

possible. Second, although information on exhaled CO of each individual was 

available, information on ambient particulate matter in the environment inside the 

participant‘s house which would give a more accurate reading was not available. 

Third, the current study cannot rule out the impact of unavailable confounders like 

liver function test or other strong risk factors of liver cancer in China like aflatoxin 

exposure especially for people who live in rural areas. Fourth, as information on 

histological subtypes of liver cancer is not available, liver cancer mortality due to 

hepatocellular carcinoma or intrahepatic bile duct carcinoma cannot be 
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differentiated. Fifth, we did not account for death from other causes in our analyses 

and it is possible that this may have influenced the observed associations, however it 

is unclear in which direction any bias may have occurred. Another limitation is that 

the CKB cohort was designed to include people from diverse different living areas 

and different levels of risk factors, in other words the study population is not 

representative for the whole China
483

,  this may limit to an extent the generalizability 

of some findings. Additionally, as a number of tests were conducted which might 

increase Type I error, therefore significant results should be interpreted cautiously. 

Finally, liver cancer outcome in this study was based upon mortality and not risk due 

to limited access to liver cancer incidence data.  It is therefore possible that more 

extreme cases of liver cancer in which patients died more quickly could have been 

identified, however mortality for liver cancer is unfortunately high
6
, and therefore 

analytical cases in this study would likely still represent the majority of individuals 

with this tumour. Also, liver cancer was determined from death certificates and cause 

of death can be difficult to assign but in someone diagnosed with liver cancer the 

chances of death from liver cancer are high making it easier to identify
1
.   

 

6.4.4 Future research recommendation 

Future studies should collect data on particulate matter to have a more accurate 

source to evaluate household air pollution. Future studies can also explore which 

histological subtypes of liver cancer that household air pollution is more likely to be 

associated with. Alternatively, future research can explore whether replacement of 

solid fuel use by clean fuel has any effect on diminishing liver cancer morbidity and 

mortality.  

 

6.4.5 Conclusion 

In conclusion, this study found that household air pollution, specifically exposure to 

solid fuel use is associated with increased risk of liver cancer mortality in a large 

Chinese population. Though more studies are needed to confirm their relationship, 

the current study adds to literature about risk factors for liver cancer-related death, 

and could provide support for government campaigns to increase access to clean fuel.   
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Chapter 7 

 

Female reproductive factors and risk of 

liver cancer mortality: A population-based 

cohort study 
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7.1 Introduction 

7.1.1 Background 

The incidence of liver cancer is consistently lower in women compared with men, as 

described in Chapter 1. For instance, the male:female sex ratio is 3.6:1 in the United 

States
90

, 2.4:1 in the United Kingdom
4
, and 3:1 in China

6
. The liver cancer mortality 

has also been reported to be lower in women than in men across populations, which 

is 1.9:1 in both the United States
484

, and United Kingdom
485

, and 3:1 in China
6
. The 

lower incidence and mortality in females could reflect lower levels of exposure to 

risk factors (including smoking, alcohol, hepatitis B infection, and chronic liver 

diseases)
90

, but it has also been suggested that the lower female incidence could 

partly be attributed to a protective effect of female sex hormones and/or a detrimental 

effect of male sex hormones. This has led to the investigation of various aspects of 

hormonal and reproductive factors in relation to liver cancer in both experimental 

and epidemiological studies, as summarized further below.   

 

7.1.2 Reproductive factors  

Epidemiological studies  

7.1.2.1 Age at menarche, age at menopause, and duration of reproductive life 

The ovaries are the reproductive organs producing female reproductive hormones 

including oestrogen, progesterone, and testosterone during reproductive life
486

. The 

reproductive life is started by the onset of menarche and ended by menopause. In an 

international review, the average age at menarche was reported to range from age 12 

to 16 years, and the average age at menopause ranged from 44.5 to 52.0 years
487

. 

Early onset of menarche or late onset of menopause, which reflects exposure to 

reproductive hormones at an early stage or at a later stage compared to the average, 

was shown to be associated with the risk of liver cancer in some previous studies, 

though their results are conflicting, as described below. Reproductive life duration, 

which is proposed to reflect the accrued lifetime exposure to endogenous 

reproductive hormones, was not well investigated in previous literature. A pooled 

cohort study from the US Liver Cancer Pooling project included 799,500 women, of 

whom 248 developed liver cancer during follow-up, did not find any link between 
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age at menarche, age at first birth, and age at menopause with risk of liver cancer
488

. 

This is different from a case-control study in Taiwan including 218 women with 

HCC and 729 controls that showed early age of menarche (and, therefore, earlier 

exposure to sex hormones) was associated with an increased risk of liver cancer
489

. 

Compared with females starting menarche after 16 years old, females who started 

menarche prior to 12 years old had an increased risk of liver cancer with a HR of 

2.56 (95% CI 1.27, 5.52)
489

. However, there was also weaker evidence, based upon 

relatively small numbers of cases, that women who had earlier menopause had an 

increased risk of liver cancer.  Specifically, compared with women who were 

premenopausal, the HR for women with menopause onset after the age of 50 was 

1.46 (95% CI 0.52, 4.08), from 45 to 49 the HR was 2.14 (95% CI 0.80, 5.73), and 

before age of 45 the HR was 4.27 (95% CI 1.01, 18.07), respectively
489

.  

No association between total duration of reproductive life and liver cancer risk was 

found in the cohort of the US Liver Cancer Pooling project. For each year increase in 

reproductive life duration, the HR was 0.98 (95% CI 0.95, 1.02)
488

.  

 

7.1.2.2 Parity 

Parity or the number of pregnancies reflects the frequency of exposure to high levels 

of sex hormone during reproductive life. Oestrogen and progesterone are known to 

increase 100-fold during pregnancy compared with their average levels in non-

pregnancy
490

. Therefore, it is of interest to study if exposure to high levels of sex 

hormones via parity is associated with the risk of liver cancer. 

The pooled cohort study from the US Liver Cancer Pooling project found no 

association between parity and risk of liver cancer. Specifically, the HR for liver 

cancer in women who had given birth to one or more children was 0.85 (95% CI 

0.57, 1.29) compared with women with no children
488

. However, a separate cohort 

study from Taiwan including 1,420,784 women of whom 306 women developed 

HCC found an inverse association with liver cancer risk in women having two 

children (HR 0.68, 95% CI 0.50, 0.93) or greater than three children (HR 0.63, 95% 

CI 0.42, 0.92), compared with women only have one child
491

. In contrast, another 

cohort from Taiwan consisting of 144,922 women who had at least five children , of 
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whom 397 died from liver cancer during the study follow-up period, found an 

increased risk of mortality risk of liver cancer compared to the Taiwanese national 

female population (standardized mortality ratios 1.18, 95% CI 1.06, 1.30)
492

.  

 

7.1.2.3 Oophorectomy and hysterectomy 

Since the ovaries are responsible for producing endogenous oestrogen and 

progesterone which regulate women‘s menstrual cycles, oophorectomy (i.e. surgical 

removal of the ovaries) before natural menopause abruptly stops the production of 

sex hormones
493

. The abrupt drop of sex hormone levels due to oophorectomy, which 

is different from the gradual decrease of sex hormone levels in natural menopause, 

and has been studied for its relationship with risk of liver cancer in previous studies. 

However, the evidence is limited and inconsistent. 

The US Liver Cancer Pooling Project that included 799,500 women and 248 HCC 

cases found an increased liver cancer risk in women who had bilateral oophorectomy 

prior to menopause
488

. The risk increased by 92% (HR 1.92, 95% CI 1.04, 3.53) after 

adjusting for use of hormone replacement therapy. However, this estimate was not 

adjusted by HBV or HCV infection, a major risk for liver cancer
488

.  The result of 

this study was in line with another case-control study from Taiwan consisting of 218 

women with HCC and 729 controls which found a positive association between 

bilateral oophorectomy and HCC (OR 2.69, 95% CI 1.14, 6.35)
489

. Stratifying by 

HBV infection showed that the association still remained in the Hepatitis B surface 

antigen (HbsAg) negative group, however the confidence intervals were wide (OR 

4.01, 95% CI 1.42, 11.30). Nevertheless, the latest study from the UK Clinical 

Practice Research Datalink which included 767 HCC cases and 3,068 controls found 

no association between oophorectomy and HCC (OR 1.16, 95% CI, 0.79, 1.69) after 

adjusting for risk factors of HCC including HBV and HBC infection and hormone 

replacement therapy use
494

. A strength of this UK study, compared with the other 

studies 
488, 489

, was that oophorectomy exposure was collected through medical 

records, rather than self-report. 

Previous studies have consistently found no association between hysterectomy and 

risk of liver cancer. The US Liver Cancer Pooling Project found the risk of liver 
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cancer in women who had hysterectomy was HR 1.25 (95% CI 0.78, 2.01)
488

. 

Another nested-case control study from the UK Clinical Practice Research Datalink 

also showed no association between hysterectomy and liver cancer with OR 1.02 

(95% CI 0.74, 1.40)
495

.  

 

7.1.2.4 Oral contraceptives and menopausal hormone therapy 

Oral contraceptives and menopausal hormone therapy use both provide exogenous 

oestrogen and progesterone. They are different in their components; oral 

contraceptives mainly contain ethinyl oestradiol, a synthetic oestrogen, while 

menopausal hormone therapy contains 17β-oestradiol which is known to be more 

similar to endogenous oestrogen in terms of chemical structure and bioactivity
496

. A 

number of epidemiological studies have investigated these exposures in relation to 

liver cancer risk, but these have shown inconsistent results.  

The US cohorts studied within the Liver Cancer Pooling Project did not show 

evidence of an association between oral contraceptives or menopausal hormone 

therapy and liver cancer risk (oral contraceptive, HR 1.12, 95% CI 0.82, 1.55 and 

menopausal hormone therapy, HR 1.15, 95% CI 0.81, 1.63)
488

. A case-control study 

from Taiwan showed no association between oral contraceptive and liver cancer (OR 

0.75, 0.44, 1.28), but a significant decreased risk of liver cancer in menopausal 

hormone therapy users (OR 0.46, 95% CI 0.27, 0.79) after adjusting for 

oophorectomy and other risk factors of liver cancer
489

. The decreased risk of 

menopausal hormone therapy was shown in HbsAg negative group (0.41, 95% CI 

0.20, 0.83) and followed a dose response relationship with duration of use (p trend, 

0.006)
489

. Finally, the latest study from the UK Clinical Practice Research Datalink 

showed, among women who had not had oophorectomies, that menopausal hormone 

therapy use was not associated with risk of liver cancer (OR 0.83, 95% CI 0.64, 

1.08)
494

.  

In summary, previous literature of reproductive factors and risk of liver cancer are 

limited and show inconsistent results. Only a few studies have been conducted in a 

Chinese population, and therefore comparing their results with other populations 
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might not be appropriate. Moreover, very few studies have investigated the 

association between reproductive factors and the risk of liver cancer mortality. 

 

Preclinical studies 

Various pre-clinical studies have investigated the effect of oestrogen on liver cancer 

risk. 

Oestrogen has been shown to cause liver toxicity in rats. A study of ethinyl 

oestradiol, the main component of oral contraceptives used in women, was 

investigated in rats allocated to a control group, and to 3 groups receiving 

successively higher doses of ethinyl oestradiol.  This study found that rats exposed to 

ethinyl oestradiol had a higher rate of severe histopathological liver injuries which 

were more marked with higher doses and longer durations of ethinyl oestradiol 

exposure
497

.  

Exogenous oestrogen has been found to enhance hepatocarcinogenesis in rats. A 

study in which female rates were exposed to the carcinogen diethylnitrosamine 

(DEN) and then were allocated to a control group or group that received diet 

containing ethinyl oestradiol, oestradiol, mestranol, or mestranol plus β-

methasone
498

. After 9 months, the incidence of HCC was higher in the ethinyl 

oestradiol group, but not in the oestradiol group, compared with the control group.  

The study concluded that exogenous synthetic oestrogen has carcinogenic enhancing 

effect on liver
498

.  

The mechanism of toxicity of oestrogen on liver cancer is unclear. However, a recent 

laboratory study suggested a new pathway by which oestrogen can exert a toxic 

effect through G-protein-coupled oestrogen receptor (GPER1)
499

. This study found 

that concentration of GPER1 is significantly higher in human cirrhotic liver tissue 

and HCC tissue than in non-cirrhotic liver tissue. Oestrogen promotes human 

primary hepatocytes and chemical therapy targeting at GPER1 showed significant 

reduction of oestradiol-induced tumour progression. Therefore, the study concluded 

that oestradiol increases hepatocyte proliferation and tumorigenesis via its receptor 

GPER1
499

. 
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However, another study has also found evidence that oestrogen has a protective 

effect on progression of liver cancer. For instance, an experimental study found that 

oophorectomy on DEN injected female rates increased the incidence of liver tumours 

compared with a control group receiving DEN injection only
500

. Similarly, this study 

showed that orchidectomy, i.e. testicle removal surgery, in male rats increased the 

incidence of liver tumour and that adding 17β-oestradiol to the orchidectomy group 

reduced the incidence further
500

.  

Many mechanisms have been proposed for the beneficial effect of oestrogen on liver 

cancer. One of the popular mechanisms has been suggested is related to the anti-

inflammatory property of oestrogen by inactivating interleukin-6 (IL-6). IL-6 is a 

interleukin promptly produced in acute phase in response to infection, tissue injuries, 

and immune reaction
501

. Its expression is normally well regulated, however, 

disregulation of IL-6 under certain conditions can lead to chronic inflammation and 

autoimmunity
501

. IL-6 has been studied to be strongly associated with various 

chronic liver diseases including hepatitis, cholangitis, alcohol liver injury, and liver 

malignancy
502

. IL-6 promotes hepatic cells inflammation, tissue injuries, cell 

proliferation, resistance to apoptosis, and eventually formation of liver tumor
502,503

. 

Oestrogen has been showed to deregulate synthesis of IL-6 by decreasing the activity 

of NF-κB, the transcriptional factor that operating IL-6 production, therefore 

minimizing hepatic inflammatory hepatocarcinogenesis
503

.  

 

7.1.3 Rationale and Aim 

Studies on reproductive factors, known to influence sex hormone levels, such as age 

at menarche and age at menopause, pregnancy, parity, use of oral contraceptives and 

menopausal hormone therapy are limited and have been showing inconsistent 

conclusions with the risk of liver cancer. Also, very few studies investigated the 

association of reproductive factors and the mortality risk of liver cancer. There are 

limited studies with prospective cohort design investigating this association, and 

previous studies did not account for important risk factors of liver cancer as hepatitis 

B or C infection
488

, alcohol consumption and smoking
491

, and important 

comorbidities as chronic liver diseases
488,491

. There is also a major gap in evidence 

from population-based cohorts in Asian countries, where the incidence rate and 
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mortality rate of liver cancer is the highest. Meanwhile, pre-clinical studies about sex 

hormone and liver cancer are contrasting.  

Therefore, the aim of this analytical study was to investigate the association between 

a range of reproductive factors and risk of liver cancer mortality within a large 

population-based cohort study in China.  
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7.2  Methods 

7.2.1 Data source 

Details of data source in China Kadoorie Biobank were described in Chapter 6. 

 

7.2.2 Study design 

Details of study design in China Kadoorie Biobank were described in Chapter 6. 

 

7.2.3 Data collection 

Exposure of interest 

Questions on reproductive factors were self-reported in the baseline questionnaire 

which captured the age at menarche, age at menopause, fertility duration, number of 

pregnancies, stillbirth, miscarriage, induced abortion, breastfeeding, use of oral 

contraceptives (never, current user, past user; and length of use), surgical removal of 

reproductive organs (hysterectomy, oophorectomy). Fertility duration was calculated 

by subtracting age at first menarche from age at menopause.  

Covariates 

Data on demographic and lifestyle factors were also determined from questionnaire 

including age, living areas (urban or rural), BMI (kg/m2 categorized as underweight 

[<18.5], normal [18.5-24.9], overweight [25-29.9], obese [>=30]), highest level of 

education (no formal school, primary, middle, high school, and university/college), 

range of household income (<4,999, 5,000-19,999, 20,000-34,999, and ≥35,000 

yuan), smoking status (never, occasional, ex-regular, current smoker), alcohol 

consumption (never, ex-regular, occasional, monthly, reduced intake, weekly), daily 

physical activity (MET hours/day), hepatitis B test result (negative, positive) 

detected from blood samples, and comorbidities (diabetes, hypertension, chronic 

heart disease, stroke, cirrhosis/ chronic hepatitis, gallstone/ gallbladder disease, 

peptic ulcer). 
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7.2.4 Statistical analysis 

Characteristics were compared between liver cancer deaths and the rest of cohort 

using descriptive statistics) for continuous variables and frequencies and percentages 

for categorical variables.  

The primary outcome is time to liver cancer death and therefore Cox proportional 

hazards regression model was used with age as the underlying time scale 

(participants were considered at risk from birth and under observation from age at 

baseline, left truncated). Hazard ratios (HR) and associated 95% confidence interval 

(95% CI) were calculated for reproductive factor in association with risk of liver 

cancer death. In the adjusted analysis, the model contains age, living areas, BMI, 

highest level of education, household income, smoking status, alcohol consumption, 

physical activity, hepatitis B status, and comorbidities. 

All analyses were performed using Stata version14.0 (College Station, TX: 

StataCorp LP). 
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7.3 Results 

The China Kadoorie Biobank cohort contained 300,900 female participants who 

were followed for up to 9 years (median=8.2 years, interquartile range, 7.3 to 9.1). 

Among these participants, 515 were recorded to have died due to liver cancer. 

Individuals who died from liver cancer compared with the rest of cohort were more 

likely to be older, live in rural areas, be underweight, obtain lower level of education, 

have lower household income, never consume alcohol, currently smoke, have 

hepatitis B test positive, and be suffering more from all comorbidities (Table 7.1). 

 

The association between reproductive hormone factors and risk of liver cancer 

mortality is shown in Table 7.2. Age at menarche was not related to liver cancer 

mortality. Compared with women who started menarche before age 12, the adjusted 

HR of liver cancer mortality in women who had menstruation around 13 to 15 years 

old was 0.78 (95% CI 0.49, 1.23) and in women who had menarche starting later 

than age of 15 was 0.82 (95% CI 0.52, 1.30). Menopausal status, in contrast, showed 

a positive relationship with liver cancer mortality. Compared with women who were 

pre-menopausal, the adjusted HRs for liver cancer mortality in women who reported 

that they currently have menopause were 1.61, (95% CI 0.89, 2.91) and in post-

menopausal women was 1.65 (95% CI 1.03, 2.63). There was no evidence of a 

difference in liver cancer mortality in those with longer duration of fertility, of 

greater than 40 years, compared with those with less than 30 year of fertility 

(adjusted HR 0.95, 95% CI 0.50, 1.83). However, there were only 10 cases in the 

former group. 

 

No association was found between number of pregnancies and risk of liver cancer 

mortality. There was some evidence that the risk of liver cancer mortality was 

increased in women who had more live births. For instance, an increased risk was 

observed in women who had 3-4 live births (unadjusted HR 1.31, 95% CI 1.04, 1.67) 

and in women who had more than 5 live births (unadjusted HR 1.75, 95% CI 1.27,  

2.40), compared with none. However, these associations were attenuated after 

adjustment for confounders (adjusted HR 1.08, 95% CI 0.84, 1.39) and 1.15, 95% CI 
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0.81, 1.62), respectively). Age at first live birth, stillbirth or miscarriage or induced 

abortion were not associated with risk of liver cancer mortality. Breastfeeding was 

not associated with the risk of liver cancer (adjusted HR 1.11, 95% CI 0.57, 2.16).  

 

Exogenous reproductive hormone was also not associated with risk of liver cancer 

mortality in this study. No association was found between use of oral contraceptives 

and risk of liver cancer mortality. Use of oral contraceptives more than 2 years 

associated with the adjusted HR of 0.64 (95% CI 0.32, 1.28) compared with less than 

2 years. Surgical removal of reproductive organs was also not associated with risk of 

liver cancer mortality. Specifically the adjusted HR for hysterectomy was 1.25 (95% 

CI 0.81, 1.92), and for oophorectomy was 1.37 (95% CI 0.70, 2.67). 
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Table 7. 1: Characteristics of liver cancer deaths and /comparators among women in China Kadoorie 

Biobank 

 China Kadoorie Biobank 

Liver cancer 

deaths 

Controls 

Number of individuals 515 300,385 

Median follow-up years 4.4 8.2 

(lower IQR, upper IQR) (2.3, 6.3) (7.3, 9.1) 

Year of diagnosis:  2004-2009 192 (37.2%)  

                            2010-2014 323 (62.8%)  

   

Age at baseline:             30-39 17 (3.3%) 47,954 (15.9%) 

                                   40-49 77 (14.9%) 93,144 (31.0%) 

                                   50-59 168 (32.6%) 93,039 (31.0%) 

                                   60-69 169 (32.8%) 49,857 (16.6%) 

                                   70+ 84 (16.3%) 16,391 (5.5%) 

   

Rural areas 325 (63.1%) 166,679 (55.5%) 

   

BMI: Underweight 35 (6.8%) 12,804 (4.3%) 

          Normal 321 (62.3%) 184,674 (61.5%) 

          Overweight 133 (25.8%) 88,311 (29.4%) 

          Obese 26 (5.0%) 14,595 (4.9%) 

   

Highest education:    

  No formal school 227 (44.1%) 75,931 (25.3%) 

  Primary school 176 (34.1%) 94,372 (31.4%) 

  Middle school 73 (14.1%) 76,266 (25.4%) 

  High school 32 (6.2%) 40,501 (13.5%) 

  University/college 7 (1.30%) 13315 (4.40%) 

   

Household income:   

  <4,999 yuan 105 (20.4%) 30,427 (10.1%) 

  5,000-19,999 yuan 268 (52.0%) 147661 (49.1%) 

  20,000-34,999 yuan 96 (18.6%) 72,796 (24.2%) 

  ≥35,000 yuan 46 (8.9%) 49,501 (16.5%) 

   

Alcohol consumption:   

  Never  369 (71.6%) 190,903 (63.5%) 

  Ex-drinker 5 (1.0%) 1,307 (0.4%) 

  Current drinker 141 (27.4%) 108,175 (36.1%) 
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Table 7.1 (continued): Characteristics of liver cancer deaths and /comparators among women in China 

Kadoorie Biobank 

 China Kadoorie Biobank 

 

Liver cancer 

deaths 

Controls 

Smoking status:   

  Never smoke 465 (90.3%) 285,197 (94.9%) 

  Ex-smoker 10 (1.9%) 2,610 (0.9%) 

  Current smoker 40 (7.7%) 12,578 (4.1%) 

   

Hepatitis B   

  Negative 395 (76.7%) 285,289 (94.8%) 

  Positive 96 (18.6%) 8,230 (2.7%) 

  Unclear 15 (2.9%) 2,057 (0.7%) 

  Missing 9 (1.7%) 4,809 (1.6%) 

   

Comorbidities:   

Diabetes 63 (12.2%) 18,363 (6.1%) 

Hypertension 76 (14.7%) 35,597 (11.8%) 

CHD 21 (4.1%) 9,642 (3.2%) 

Stroke 8 (1.5%) 3,933 (1.3%) 

Cirrhosis/ Chronic hepatitis 26 (5.1%) 2,504 (0.8%) 

Peptic ulcer 13 (2.5%) 8,762 (2.9%) 

Gallstone/ Gallbladder disease   83 (16.1%) 22,603 (7.5%) 
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Table 7. 2: The association between reproductive factors and risk of liver cancer mortality in 

China Kadoorie Biobank 

 
Liver 

cancer, n 

Person-

years 

Unadjusted HR 

(95% CI) 
P -value 

Adjusted HR 

(95% CI) 
P -value 

      

Age at menarche  cases=466  cases=460  

 ≤12 years old 21 116196 1.00 (ref.)  1.00 (ref.)  

  13-15 years old 174 1012159 0.82 (0.52, 1.29) 0.39 0.78 (0.49, 1.23) 0.29 

  16-30 years old  271 1030444 0.92 (0.59, 1.45) 0.74 0.82 (0.52, 1.30) 0.41 

       

Age at menopause   cases=378  cases=375  

20-44 62 172634 1.00 (ref.)  1.00 (ref.)  

45-49 144 459595 0.87 (0.64, 1.18) 0.38 0.91 (0.67, 1.23) 0.56 

50-54 154 424725 0.99 (0.73, 1.34) 0.96 1.09 (0.80, 1.48) 0.57 

>=55 18 54211 0.75 (0.44, 1.28) 0.29 0.80 (0.47, 1.37) 0.42 

       

Menopause status   cases=466  cases=460  

  Pre-menopausal 69 939606 1.00 (ref.)  1.00 (ref.)  

  Currently 19 108037 1.62 (0.91, 2.90) 0.10 1.61 (0.89, 2.91) 0.11 

  Post- menopause 378 1111173 1.74 (1.10, 2.75) 0.018 1.65 (1.03, 2.63) 0.035 

       

Fertility duration   cases=397  cases=393  

  ≤ 30 years 124 356343 1.00 (ref.)  1.00 (ref.)  

  31-40 years 264 835191 0.94 (0.76, 1.17) 0.62 1.01 (0.81, 1.26) 0.89 

  >40 years 9 27668 0.79 (0.40, 1.57) 0.52 0.87 (0.44, 1.71) 0.68 

       

Number of pregnancies  cases=466  cases=460  

  None 5 20197 1.29 (0.52, 3.18) 0.58 1.18 (0.47, 2.92) 0.71 

  1-2 95 760833 1.00 (ref.)  1.00 (ref.)  

  3-4 198 955478 1.09 (0.84, 1.41) 0.49 1.01 (0.78, 1.31) 0.89 

  ≥ 5 168 422307 1.24 (0.93, 1.66) 0.13 1.04 (0.77, 1.40) 0.79 

       

Number of live births  cases=461  cases=455  

  None 1 8438 0.79 (0.11, 5.65) 0.81 0.72 (0.10, 5.15) 0.74 

  1-2 189 1440242 1.00 (ref.)  1.00 (ref.)  

  3-4 184 555981 1.31 (1.04, 1.67) 0.022 1.08 (0.84, 1.39) 0.50 

  ≥ 5 87 133957 1.75 (1.27,  2.40) 0.001 1.15 (0.81, 1.62) 0.39 
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Table 7.2 (continued): The association between reproductive factors and risk of liver cancer mortality in 

China Kadoorie Biobank. 

 
Liver 

cancer, n 

Person-

years 

Unadjusted HR 

(95% CI) 
P -value 

Adjusted HR 

(95% CI) 
P -value 

Age at live first birth  cases=460  cases=454  

  11-20 years old 308 1691062 1.29 (1.05, 1.59) 0.013 1.05 (0.84, 1.30) 0.64 

  21-30 years old 147 392389 1.00 (ref.)  1.00 (ref.)  

  >30 years old 5 46730 0.53 (0.21, 1.28) 0.15 0.60 (0.25, 1.48) 0.27 

       

Stillbirths   cases=461  cases=455  

  None 415 2017715 1.00 (ref.)  1.00 (ref.)  

  1 or more 46 120880 1.16 (0.85, 1.58) 0.33 1.07 (0.78, 1.47) 0.66 

       

Miscarriages   cases=461  cases=455  

  None 405 1947677 1.00 (ref.)  1.00 (ref.)  

  1 or more 56 190927 1.14 (0.86, 1.52) 0.33 1.03 (0.78, 1.37) 0.79 

       

Induced abortions   cases=461  cases=455  

  None 270 1016688 1.00 (ref.)  1.00 (ref.)  

  1 or more 191 1121914 0.74 (0.61, 0.90) 0.002 0.90 (0.74, 1.10) 0.33 

       

Breastfeeding   cases=461  cases=455  

  No 9 67736 1.00 (ref.)  1.00 (ref.)  

  Yes 452 2070883 1.31 (0.68, 2.54) 0.41 1.11 (0.57, 2.16) 0.75 

      

Duration of breastfeeding  cases=452  cases=446  

  1-11 months 25 284926 1.00 (ref.)  1.00 (ref.)  

  12-23 months 56 544300 1.02 (0.63, 1.63) 0.93 0.95 (0.58, 1.55) 0.85 

  ≥ 24 months 371 1241656 1.66 (1.08, 2.54) 0.019 1.33 (0.84, 2.08) 0.21 

       

Oral contraceptive pill use  cases=466  cases=460  

  Never use 431 1941625 1.00 (ref.)  1.00 (ref.)  

  Ever use 35 217191 0.78 (0.55, 1.10) 0.18 0.87 (0.60, 1.24) 0.44 

       

Duration of contraceptive pill use cases=454  cases=449  

  Never use 431 1941625 1.00 (ref.)  1.00 (ref.)  

  < 2 years 7 56420 0.63 (0.29, 1.33) 0.23 0.73 (0.34, 1.56) 0.43 

  ≥ 2 years 16 119542 0.62 (0.37, 1.02) 0.06 0.69 (0.41, 1.16) 0.17 

       

Hysterectomy   cases=466  cases=460  

  No 444 2075045 1.00 (ref.)  1.00 (ref.)  

  Yes 22 83771 1.16 (0.75, 1.78) 0.48 1.25 (0.81, 1.92) 0.30 
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Table 7.2 (continued): The association between reproductive factors and risk of liver cancer mortality in 

China Kadoorie Biobank. 

 
Liver 

cancer, n 

Person-

years 

Unadjusted HR 

(95% CI) 
P -value 

Adjusted HR 

(95% CI) 
P -value 

Oophorectomy   cases=466  cases=460  

  No 457 2126484 1.00 (ref.)  1.00 (ref.)  

  Yes 9 32332 1.18 (0.61, 2.30) 0.60 1.37 (0.70, 2.67) 0.34 

       

 

Model contains age, living area, BMI, highest education, household income, smoking, 

alcohol intake, physical activity, HBV infection, comorbidities (diabetes, hypertension, 

CHD, stroke, cirrhosis, hepatitis, peptic ulcer, gallbladder or gallstone disease). 
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7.4 Discussion 

7.4.1 Main results 

In general, this study did not find any strong associations between reproductive 

factors associated with sex hormones and risk of liver cancer mortality among 

women.  In particular clear associations with liver cancer mortality were not seen for 

duration of fertility, parity, failed pregnancy, breastfeeding, contraceptives use, and 

excision of reproductive organs in the relationship with liver cancer mortality. 

However, there was some evidence of an increased risk of liver cancer mortality in 

women who were postmenopausal compared with premenopausal women. 

 

The null association between liver cancer and age at first menstrual period in this 

study is consistent with a previous cohort
488

 and a case-control
504

 study that 

investigated liver cancer risk, rather than mortality. However, another case-control 

study by Yu et al. showed a significant reduced risk of liver cancer in women who 

had menarche at an early age
489

. Since this current study and Yu‘s study both 

investigated Asian populations (Chinese vs. Taiwanese), it is likely that our 

populations are similar in terms of risk factors of liver cancer, specifically high 

prevalence of HBV and HCV infection. The explanation for the difference in 

findings in the current cohort study and Yu‘s case-control study is unclear, although 

it is possible that the latter may have been influenced by recall bias.  

 

No association was found between age at menopause and risk of liver cancer 

mortality. This current study is consistent with findings for liver cancer risk from a 

previous cohort
488

, but inconsistent with a previous case-control study based on a 

small number of cases, that found an inverse association in women who had later 

menopause
489

. The current study also did not find any association between fertility 

duration and liver cancer mortality. A previous cohort study showed similar results in 

which every year increase in fertility duration was not associated with liver cancer
488

.  
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The current study found that women who were post-menopausal had an increased 

risk of liver cancer mortality, even after adjusting for age. The result is consistent 

with a previous case-control study
489

 which showed an increase in liver cancer risk in 

postmenopausal women.  

 

The current study found no association between number of pregnancy, number of 

live birth, age at first live birth with risk of liver cancer mortality. A previous cohort 

study
488

 also showed null associations between liver cancer risk and number of 

children and age at first live birth. However, other studies have found conflicting 

results. A number of studies showed the risk of liver cancer decreased with 

increasing numbers of children/births
505,489,491

, whilst other studies showed an 

increased risk with increasing numbers of children/births
506,507,492,508

. In terms of 

pregnancy failure, the current study did not find any association between stillbirth, 

miscarriage, or induced abortion and risk of liver cancer mortality, which is 

consistent with previous studies
489,506,507

. The current study was also consistent with 

previous studies showing no association between breastfeeding duration and liver 

cancer mortality
507

.  

 

Oral contraceptive use was not associated with risk of liver cancer mortality in the 

current study. This is consistent with all previous studies exploring this 

association
488,489,509,510,511,512

. Information of postmenopausal hormone therapy was 

not available in the questionnaire, therefore the relationship of this factor with risk of 

liver cancer could not be investigated. Previous studies have generally shown a 

protective effects of hormone replacement therapy on liver cancer risk
513,

 
495

, though 

one study showed no association between them
488

.  

 

The current study is consistent with the literature of showing no association between 

hysterectomy, or oophorectomy, and liver cancer mortality
488,495

. A US cohort 

consortium study
488

 and a Taiwan case-control study
489

 observed an increased risk of 

liver cancer in women who had undergone oophorectomy. The null association in the 
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current study is more consistent with a UK study which found no association 

between oophorectomy and risk of liver cancer
494

. 

 

The underlying explanations for the lack of associations between reproductive 

factors associated with oestrogen levels and risk of liver cancer mortality is unclear. 

However, the current study found that postmenopausal women, who should have 

biologically low oestrogen levels following a gradual decline from premenopausal 

status, had an increased risk of liver cancer mortality. This result is in line with 

evidence from preclinical studies suggesting that oestrogen could exert a protective 

effect due to anti-inflammatory properties
514

. Since liver cancer is a consequence of a 

long inflammation process of hepatic cells expressing through chronic liver diseases, 

the protective effect of oestrogen via anti-inflammation is possible. However, similar 

results were not observed in women who had undergone oophorectomy or 

hysterectomy, which are suggested to have an abrupt decrease of oestrogen levels. 

This suggests that timing and duration of the change in oestrogen levels may be 

important in liver cancer development and/or progression, if this represents a true 

association. Another potential explanation for the lack of an observation of the 

association is due to limited number of liver cancer cases in the oophorectomy or 

hysterectomy groups.  

 

7.4.2 Strengths 

To our knowledge, this current study is the first cohort to investigate a range of 

reproductive factors in relation to liver cancer mortality. Only one previous cohort 

has investigated liver cancer mortality in relation to a reproductive factor, which was 

multiparous status
492

. Reproductive factors in the current study were recorded years 

before liver cancer onset reducing the risk of reverse causation. A range of important 

covariates including the main risk factors for liver cancer were also adjusted 

(including sex, age, BMI, smoking and alcohol consumption, physical activity, blood 

test of hepatitis B infection, comorbidities including diabetes and chronic liver 

diseases). The study is also based on a large number of participants in this Chinese 

population.  
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7.4.3 Limitations 

The current study has a number of limitations. First, the information on oral 

contraceptive use and surgical therapies like oophorectomy, hysterectomy was based 

upon self-report which is open to error. Furthermore, the current study could not 

explore which types of oral contraceptives women used, for instance, oestrogen only 

or combined oestrogen and progesterone, as the information was not available. Also, 

information on menopausal hormone therapy was not available, therefore its 

association with liver cancer mortality cannot be explored. Additionally, as 

information on histological subtypes of liver cancer is not available, therefore liver 

cancer mortality due to hepatocellular carcinoma or intrahepatic bile duct carcinoma 

cannot be differentiated. Finally, as a large number of tests were conducted, 

increasing the likelihood of Type 1 error, significant results should be interpreted 

cautiously. 

Also, the liver cancer outcome was based upon mortality and not risk as the access to 

liver cancer incidence data was limited. It is therefore possible that more extreme 

cases of liver cancer in which patients died more quickly were identified, but 

mortality for liver cancer is high
1
. Also liver cancer was determined from death 

certificates and cause of death can be difficult to assign, but in someone diagnosed 

with liver cancer the chances of death from liver cancer are high, as the mortality to 

incidence ratio of liver cancer has been reported as 0.95 in Asian countries
515

.  

 

7.4.4 Future research recommendation 

Future studies should explore further the role of menopausal hormone therapy in 

relationship with liver cancer using a cohort design. The information should be 

retrieved from medical records to have accurate and complete information in terms 

of types (oestrogen or oestrogen/progesterone), and duration of use. Importantly, the 

outcome of interest should ideally include cancer incidence, rather than mortality 

alone, and be able to distinguish between the main histological liver cancer subtypes. 

A larger sample size should also be conducted to be able to re-examine the 

association between oophorectomy and hysterectomy with risk of liver cancer.  
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7.4.5 Conclusion 

In conclusion, this study found that most reproductive factors were not associated 

with risk of liver cancer mortality through a large cohort based-population. However, 

this study found that postmenopausal women had an increased risk of liver cancer 

mortality.  
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Chapter 8 

 

Circulating sex hormones and risk of liver 

cancer: A large prospective cohort study 
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8.1 Introduction 

8.1.1 Background 

As outlined in earlier chapters, liver cancer is more predominant in men than in 

women
4,6,90

. Similar sex disparity in liver cancer is also observed in animals
516,517

, 

suggesting that sex hormones might play a crucial role in developing liver cancer in 

men or protecting women from liver cancer.  

Building upon the study of reproductive factors in relation to liver cancer mortality in 

Chapter 7, which yielded largely non-significant associations (with the exception of 

postmenopausal status being associated with increased risks), there is a further need 

to investigate the reasons for sex disparities in liver cancer. Evaluating biomarkers, 

such as circulating sex hormone levels, in relation to liver cancer risk could provide 

objective insights into the underlying aetiology of this disease. The biology of sex 

hormones, particularly oestrogen and progesterone, has been briefly summarised in 

Chapter 7. In the background of this chapter, further in-depth information is provided 

on sex hormone biology and mechanisms, given that these are the primary exposure 

of interest in the analytical study described thereafter.  

 

8.1.2 Sex hormones 

8.1.2.1 Oestrogen 

Oestrogen is a female reproductive hormone which is synthesised primarily from 

tissue in the ovaries, corpus luteum, placenta, adrenal cortex and in smaller amounts 

from the liver, skin, heart and brain
486

. Oestrogen has three biological forms: 

oestrone, oestradiol (or 17β-oestradiol), and estriol. Oestradiol is the most abundant 

and the most potent form of oestrogen in pre-menopausal women, meanwhile 

oestrone plays a more important role in post-menopausal women and is produced 

from the adrenal cortex
486

. Estriol is the least potent form of oestrogen, which is 

produced abundantly from the placenta during pregnancy and is formed mainly from 

oestrone when women are not pregnant
486

. Oestradiol and oestrone are derived from 

testosterone and androstenedione, meanwhile estriol is mainly converted from 

oestron. The process of oestrogen synthesis is depicted in Figure 8.1. Thecal cells are 
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endocrine cells of the ovaries that produce androgen from progesterone, and 

androgen is transferred into granulose cells where it is converted into oestradiol by 

aromatase, a key enzyme responsible for oestradiol synthesis (Figure 8.1).  

Levels of oestradiol in pre-menopausal women vary throughout the menstrual cycle. 

During the follicular phase in which follicles mature in the ovaries (lasting from the 

first day of menstrual period to pre-ovulation), the oestradiol levels are 19 to 140 

pg/mL. Oestradiol rises dramatically 24 to 48 hours before ovulation and reaches a 

peak just before ovulation at around 110 to 410 pg/mL. After ovulation, oestradiol 

levels drop dramatically but elevate again in luteal phase (lasting from  ovulation 

until before the start of the following period) to around 19 to 160 pg/mL
486

. The 

cycle repeats when the next follicular phase occurs.  

In peri-menopausal women, oestradiol levels fluctuate and its concentration can be 

higher than premenopausal women due to an increased follicular response to elevated 

follicle-stimulating hormone levels. In the post-menopausal stage, oestradiol levels 

are lower, generally less than 35 pg/mL
486

.  

In men, oestradiol is synthesized from its precursor androgen via the enzyme 

aromatase, similar to women. The testis produce approximately 20% of the total 

oestradiol
518

. Adipose tissue is another major source of oestradiol in men, in addition 

to small amounts produced from muscle, skin, brain, and liver tissue
518

. The normal 

range of oestradiol levels in men is 10 to 82 pg/mL
519

.  

Oestrogen, specifically oestradiol, has an important role in reproductive function in 

both men and women. In women, oestradiol is responsible for the development of 

follicles in ovaries, ovulation, regulation of cervical mucus to facilitate sperm 

transport, and preparation of endometrial lining for implantation
520

. In men, 

oestradiol is responsible for modulating libido, erectile function, and 

spermatogenesis
521

.  
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Figure 8. 1: Synthesis of oestrogen and testosterone
522

 

Permission to reuse the figure is granted by Elsevier 

 

8.1.2.2 Androgen 

Androgens are a group of hormones mainly responsible for the growth and 

development of the male reproductive system. The predominant androgen is 

testosterone, which is produced by Leydig cells from the testes in men
518

. Other 

androgens, including androstenedione and dehydroepiandrosterone, are produced by 

the adrenal cortex
518

. In women, testosterone is produced by the ovaries and adrenal 

cortex. Androgen synthesis results from cleavage of cholesterol
522

. The first product 

of cholesterol cleavage is pregnenolone, which is further metabolized to 

dehydroepiandrosterone or progesterone (Figure 8.1). These two products are later 

converted into androtesnedione. Finally androstesnedione is metabolised via the 

enzyme 17β-hydroxysteroid dehydrogenase into testosterone.  

After synthesis, testosterone enters circulation, of which 66% binds to sex hormone 

binding globulin (SHBG) and 33% binds to albumin in order to reach the target 

tissues. The remaining 1 to 2% are unbound and called free testosterone
523

. SHBG 
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has a high affinity to testosterone. Albumin has high binding capacity with 

testosterone but its affinity with testosterone is lower than of SHBG, therefore can 

dissociate testosterone in the tissue to exert testosterone biological activity
524

. 

Bioavailable testosterone refers to both free testosterone and albumin-bound 

testosterone
524

.  

Testosterone levels vary during a man‘s lifecycle. Studies have shown that 

testosterone reaches its peak level at an average age of 19 with a mean of 15.4 

nmol/L (2.5-97.5 percentile: 7.2-31.1 nmol/L). Levels decrease to 13.0 nmol/L (2.5-

97.5 percentile: 6.6-25.3 nmol/L) by the age of 40
525

. Testosterone is essential for the 

development of the male reproductive system and maintains physiological function 

and plays a crucial role in the production of sperm. Additionally, testosterone is also 

involved in several bodily system functions including production of red blood cells, 

body mass and muscle strength, bone metabolism, lipid and carbohydrate 

metabolism
526

. 

The mean testosterone levels in females aged 25 to 50 years old were reported to be 

approximately 1.24 nmol/L
527

. Another study showed that testosterone levels in 

women peak in their twenties, steeply decline in their thirties, and gradually decline 

at older ages
528

. This study also indicated that the decline of testosterone levels in the 

early reproductive years was not related to natural menopause
528

. Similar to men, 

testosterone in women has physiological effects in both reproductive and non-

reproductive systems. Studies have found that testosterone therapy in women was 

associated with higher sexual function, increased bone mineral density, and increased 

muscle mass and strength
529

.  

 

8.1.2.3 Free testosterone 

As mentioned above, free testosterone and albumin-testosterone bound are 

considered as the main biologically active testosterone. Various methods such as 

Vermeulens method
530

 can be used to measure levels of free testosterone but most of 

them are based upon total testosterone
524

.  Measurement of free testosterone is 

important in the diagnosis of androgen deficiency in men with conditions like  

hypogonadism, and in the diagnosis of androgen excess in women with conditions 
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like polycystic ovary syndrome
531

. Circulating free testosterone levels in men are 

approximately 15 to 25 times higher than levels in women
531

.  

 

8.1.2.4 Sex hormone binding globulin 

SHBG is produced by the liver and is known as a transport protein for sex steroid 

hormones. SHBG levels were reported to be 20 to 45 nmol/L in men and 35 to 90 

nmol/L in women. Levels of SHBG have been shown to increase with aging, with 

levels in 80 year olds around twice that of 20 year olds 
532

.  

Higher levels of SHBG are found in conditions associated with decreased production 

of testosterone, such as hypogonadism
532

. Conversely, SHGB concentration is lower 

in men using androgen replacement therapy or in individuals treated with growth 

hormone. Additionally, SHBG concentration also decreases in males with diabetes
533

 

and alcoholic liver disease
534

. In women who suffer from polycystic ovarian 

syndrome, total testosterone and other androgens are higher but SHBG levels are 

lower often less than 30 nmol/L.  

 

8.1.3 Role of sex hormones in liver cancer 

Epidemiological studies  

The most recent study assessing the association between sex hormone levels and the 

risk of liver cancer in post-menopausal women was conducted by the Liver Cancer 

pooling project and included five prospective cohorts
535

. This study used a nested 

case-control design with 191 post-menopausal liver cancer cases matched with 426 

controls based on age, ethnicity, and date of blood collection (± 3 months). Liver 

cancer diagnoses were ascertained through cancer registries or medical records. Sex 

hormone levels were determined from blood samples collected at baseline when 

women were recruited for the original cohorts, with an average interval between 

blood collection and liver cancer occurrence of 7.7 years. The study found a doubling 

in the concentration of SHBG was associated with 31% increased risk of liver cancer 

(95% CI 1.05, 1.63), while a doubling in the concentration of 4-androstenedione, a 

precursor of testosterone, was associated with 50% decreased risk of liver cancer 
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(95% CI 0.30-0.82), and free testosterone associated with 19% decreased risk of liver 

cancer (95% CI 0.68, 0.96) in post-menopausal women. No significant association 

between oestradiol, oestrone, and testosterone were found with liver cancer. Analysis 

by histological type of liver cancer showed a doubling in the concentration of 

oestradiol was associated with an increased risk of intrahepatic bile duct carcinoma 

of 40 % (95% CI 1.05, 1.89), and a doubling in the concentration of SHBG was 

associated with an increased risk of hepatocellular carcinoma (HCC) of 60% (95% 

CI 1.14, 2.22)
535

.  

To my knowledge, three further prospective studies have investigated sex hormone 

levels in relation to liver cancer risk. Firstly, a nested case-control study in Taiwan 

collected and stored the blood samples from 9,691 male adults and followed them for 

an average follow-up period of 4.6 years. During the follow-up period, 35 cases 

developed HCC. Their testosterone levels at the baseline were compared with two 

other control groups who did not develop cancer, including 63 hepatitis B surface 

antigen (HbsAg) negative and 77 HbsAg positive controls. The study found that men 

with testosterone levels greater than 6 ng/ml had a marked increase in the risk of 

HCC compared with men who had lower testosterone levels (RR 4.1, 95% CI 1.3, 

13.2) after adjusting for important covariates
536

.  

Secondly, a small cohort study from France determined sex steroid hormone levels in 

101 male cirrhotic patients and followed them over three years. Twenty-nine HCC 

incident cases developed over the follow-up period. The study showed that men with 

SHBG levels greater than 6 mg/l had an increased risk of HCC compared with those 

with lower SHBG levels (RR 3.37, 95% CI 1.61, 7.05). No associations were found 

for oestradiol and testosterone and risk of HCC
537

.  

Finally, another cohort study measured sex steroid hormones in blood samples of 46 

male Japanese with cirrhosis and followed them for an average of 5 years in which 

20 developed HCC
538

. Univariate analysis of sex steroid hormone at the baseline 

showed that male patients with testosterone levels higher than 6 ng/ml had increased 

significantly risk of HCC (RR 2.9, 95% CI 1.0, 8.5) compared with those with 

testosterone levels lower than 4 ng/ml. Those with a ratio of testosterone to 

oestradiol in the highest tertile also had an increased risk of HCC compared with 

those who were in the lowest tertile (RR 4.0, 95% CI 1.1, 14.6). No significant 
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associations were found for the relationships between HCC and free testosterone, 

oestradiol, and SHBG.  

In addition, two case-control studies have reported altered levels of sex hormone in 

HCC cases compared with controls. The first case-control from a Greek study 

conducted in males included 73 HCC cases, 25 metastatic liver cancer cases, and 111 

control subjects
539

. Oestradiol, testosterone, and SHBG were measured in each 

subject at the time of diagnosis. The study found that oestradiol levels were 

significantly higher in the HCC group and metastatic group compared to the control 

group (p<0.001). Testosterone levels were significantly lower in the HCC group and 

metastatic group compared with the controls (p<0.0001). No difference was observed 

in SHBG levels among the three groups. The decreased levels of testosterone and 

increased levels of oestradiol were explained due to the increased activity of 

aromatization of testosterone to oestrogen or due to the reduced activity of the 

gonads
539

.  

Another recent case-control study from Egypt included 40 HCC, 30 cirrhosis, and 20 

control subjects determined sex hormone levels at diagnosis.  This study found that 

testosterone levels were significantly lower in the HCC group and cirrhotic group 

compared to healthy control group (p<0.001). Oestradiol levels were also found to be 

decreased significantly in HCC group compared to the cirrhotic and healthy control 

group (p<0.02)
540

. However, these case-control studies could be subject to reverse 

causation bias, whereby the presence of liver cancer may have influenced sex 

hormone levels. 

In summary, the above cohort studies consistently found that testosterone levels were 

higher in HCC patients than in controls, which is inconsistent with case-control 

studies which found lower levels of testosterone in HCC patients. Higher levels of 

SHBG were associated with risk of liver cancer in some cohort studies. Evidence of 

oestradiol and liver cancer is still inconsistent. Lastly, evidence of free-testosterone is 

limited and was shown to be inversely associated with risk of liver cancer in one 

cohort study. Of note, these above cohort studies have been conducted in selected 

population groups, like post-menopausal women or small groups of males, and none 

of previous studies have examined sex hormone levels of both men and women 

within the same cohort. 
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Potential mechanism of sex hormone on liver cancer 

The underlying mechanism to explain any association between sex hormones and 

liver cancer is not fully understood. The direct link between sex hormone levels and 

liver cancer has not been yet demonstrated in pre-clinical studies, however, some 

have observed that the expression of sex hormone receptors is present in liver cancer 

tissue. 

Sex hormones exert their effect through activating their specific receptors, androgen 

receptor and oestrogen receptor. Studies have shown that the expression of androgen 

and oestrogen receptors can be altered in tumour tissue. For example, two laboratory 

studies performed liver surgical resection on HCC patients and obtained HCC tissue 

and surrounding tissue to assay for sex hormone receptors. Both studies found that 

androgen receptor was augmented and oestrogen receptor was suppressed in HCC 

tissue compared to surrounding noncancerous tissue or surrounding cirrhotic liver 

tissue, suggesting that the transformation of HCC was associated with the expression 

of androgen receptors
541,542

. However, these two laboratory studies only investigated 

sex hormone receptor expression in the tissue, but not serum sex hormone levels.  

Another experimental study explored both the role of serum testosterone levels and 

androgen receptors in hepatocarcinogenesis. The study generated two groups of 

mice, mice lacking of androgen receptor and mice non-lacking of androgen receptor, 

and compared HCC incidence between them after diethylnitrosamine (DEN) 

injection
543

. The study found that male mice lacking of androgen receptor developed 

less HCC than non-lacking of androgen receptors, though their serum testosterone 

levels were comparable. A similar result was found in female mice, suggesting that 

androgen receptors play a crucial role in the development of HCC in both sexes. 

Interestingly, in either group lacking androgen receptors or non-lacking androgen 

receptors, the HCC incidence was consistently higher in males than in female rats 

and testosterone levels were much higher in males , supporting the theory that the 

gender difference in HCC incidence might be due to a disparity in serum testosterone 

levels
543

.   
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The evidence for the role of oestrogen in HCC initiation is less clear. A recent 

experimental study suggested that oestrogen exhibits the carcinogenic property 

contributing to the development of HCC through G-protein-coupled estrogen 

receptor (GPER1)
499

. Oestrogen is widely known to exert its biological activity via 

two key receptors ERα and ERβ, but the role of GPER1 is not well known. This 

study found that concentrations of GPER1 are significantly higher in cirrhotic liver 

tissue (91%) and HCC tissue (86%) than in non-cirrhotic liver tissue (30%) (p<0.05). 

Further investigation suggested that GPER1 regulates the effect of oestradiol via 

phosphoinositide 3-kinase-protein kinase B-mechanistic target of the rapamycin 

pathway (PI3K-mTOR pathway). Furthermore, chemical therapy targeting GPER1 

showed a significant reduction of oestradiol-induced tumour progression, particularly 

in males. In general, the study found oestradiol increased hepatocyte proliferation 

and tumorigenesis via its receptor GPER1 and via PI3K-mTOR signalling. The study 

also suggested future treatment targeting GPER1 can be a potential therapy for liver 

cancer prevention
499

.  

In addition, sex hormone receptors have also been found to be associated with 

inflammatory cytokines that play an important role in hepatic inflammatory and 

carcinogenesis.  

Firstly, some studies have suggested that inflammatory cytokines may play a role in 

sex disparity in HCC. A study compared HBV-associated HCC liver tissue with 

adjacent normal liver tissue in male and female subjects. The study found a marked 

higher expression of IL-1α in male HCC liver tissue than the normal tissue, but it 

was not  for female subjects
544

. IL-1α is a cytokine playing a key role in in promoting 

cancer-related inflammation
545

. A decrease of ERα accompanied by an increase of 

IL-1α was also observed in male HCC tissue, suggesting IL-1α suppressed the 

protective effect of oestrogen. Therefore, the study indicated that IL-1α regulates the 

development of HCC in HBV-infected men than women
544

.  

Further evidence supported role of cytokines and oestrogen in experimental studies 

that induced liver cancer on rats. Administration of DEN resulted in a significant 

higher concentration of IL-6 in male rats than in females
546

. Administration of 

oestradiol to male mice downregulated IL-6, and in DEN-induced male rats reduced 

liver injury. Oophorectomy increased concentration of Il-6 and increased injuries, but 
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injuries were decreased after administrating oestradiol. In general the study found 

that cytokine IL-6 concentration correlated with hepatocyte proliferation and 

hepatocyte injuries more in males than in females, and the injuries were reduced in 

rats administrated with oestradiol. Therefore the study proposed that oestrogen in 

females inhibited IL-6 production and protects them from hepatocarcinogenesis
546

.  

Another mechanism of the relationship between androgen receptor and liver cancer is 

suggested to be related to oxidative stress and DNA damage in liver. Reactive 

oxygen species (ROS) is strongly linked with hepatic inflammation in cirrhosis and 

hepatocarcinogenesis
547

. A study found that ROS level reduced 30% in the liver 

tumour of mice lacking androgen receptor compared with mice not lacking the 

androgen receptor
543

. Furthermore, the process of inflammatory-induced oxidative 

stress is the precursor of DNA damage. This study also showed that mice lacking 

androgen receptor had lower markers of DNA damage in their liver tumour than 

mice non-lacking androgen receptor. These results suggested that targeting androgen 

receptors can be a potential therapy to reduce levels of ROS, therefore reduce 

cellular oxidative stress and suppress DNA damage and gene mutation, which 

delayed HCC development
543

.  

In summary, pre-clinical studies have added to epidemiological study evidence on 

the biological plausibility for a role of androgen receptors in relation to liver cancer, 

and have confirmed the disparity of serum testosterone levels by gender. The role of 

oestrogen in relation to liver cancer is less clear. However, these pre-clinical studies 

were limited in sample size, and therefore larger experimental studies are needed to 

confirm the role of sex hormone receptors.  

 

8.1.4 Rationale 

The role of circulating sex hormones in association with risk of liver cancer is 

inconclusive in previous epidemiological studies. The number of cohort studies 

investigating this association was limited, often from select populations, and most 

included a relatively small number of liver cancer cases and did not fully investigated 

the role of each type of sex hormone. Therefore, the aim of this study was to 
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investigate the role of sex hormones in relation to risk of liver cancer in both males 

and females within a large UK prospective cohort.  
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8.2 Methods 

8.2.1 Data source 

The UK Biobank data source is described in detail in Methods section of Chapter 3. 

 

8.2.2 Study design 

The UK Biobank study design is described in detail in Methods section of Chapter 3. 

 

8.2.3 Data collection 

Exposure of interest 

Blood samples were collected at the baseline and were stored at -80
0
C before being 

transported to UK Biobank‘s central processing and archiving facility at Stockport
548

. 

At their central laboratory, blood samples were processed within 24 hours of 

collection. The serum assays like sex steroid hormones were assessed for precision 

(by using different concentrations of internal quality control samples) and for 

accuracy and bias (by using external quality assurance). Sex steroid hormones 

including oestradiol, testosterone, SHBG were analysed by chemiluminescent 

immunoassay
548

.  Free testosterone was then derived by calculations based on 

equation of Vermeulen
530

 as following: 

Calculated free testosterone= (T – N – S +          2
 + 4NT)) / 2N 

in which N= 0.5217A + 1, T represents for testosterone, and S represents for SHBG. 

 

Covariates 

Data on covariates were collected at the baseline via patient interview or touch 

screen. Covariates included age, sex, Townsend deprivation scores (a socio-

economic measure based on area of residence)
284

, comorbidities (diabetes, 

hypertension, hepatobiliary disease [alcoholic liver disease, liver cirrhosis, hepatitis, 

primary biliary cirrhosis, cholelithiasis, cholangitis, gallbladder disease], and gastro-
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oesophageal  reflux disease). Body mass index (BMI) in kg/m2 (categorized as under 

or normal weight [<25], overweight [25 to <30], or obese [30 or higher]) was 

calculated from height and weight measurements recorded at baseline by trained 

research staff. Lifestyle factors included smoking status (never smoker, previous 

smoker or current smoker), alcohol consumption (never, <1 day per week, 1-2 days 

per week, 3-4 days per week or >4 days per week), physical activity (metabolic 

equivalents (METs) score was calculated based on the number of days per week with 

more than 10 minutes of walking, moderate or vigorous physical activity)
383

, and 

medication use (beta-blockers, metformin, NSAID, proton-pump inhibitors, and 

statins).  

Serum biomarkers reflecting liver function like alkaline phosphatase (ALP), alanine 

transaminase (ALT), aspartate aminotransferase (AST), gamma-glutamyl transferase 

(GGT); inflammation like C-reactive protein (CRP); and metabolism like glucose, 

cholesterol, high-density lipoprotein (HDL), low-density lipoprotein (LDL) were 

also collected from blood samples at the baseline and were measured for 

concentrations at the central laboratory. 

 

8.2.4 Statistical analysis 

Characteristics of liver cancer subjects and non-liver cancer subjects were compared 

by using descriptive statistics (e.g mean, median) for continuous variables and 

frequencies and percentages for categorical variables. 

Cox proportional hazards regression models were used for analyses in this UK 

Biobank prospective cohort study. Age was the underlying time scale (individuals 

were considered at risk from birth and under observation from age at baseline, left 

truncated) and Hazard Ratios (HR) and associated 95% CIs were calculated for 

associations between sex steroid hormones and risk of liver cancer in general and by 

histological subtypes (HCC based upon ICD 10 code C22.0 and IBDC code C22.1). 

Associations in relation to liver cancer were performed in subgroup analysis for 

males and females for all sex steroid hormones assessed. For oestradiol, the 

associations were performed separately in pre-menopausal and post-menopausal 
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females. The adjusted models contain age, sex, deprivation, BMI, smoking, alcohol, 

physical activities, comorbidities, medications, and serum biomarkers.  

Sex steroid hormone including oestradiol, testosterone, and SHBG concentration 

were divided into less than the 75
th

 percentile, 75
th

 to the 95
th

 percentile, and greater 

than the 95
th

 percentile when estimating their relationships with liver cancer. The 

chosen cut-off of the 75
th

 percentiles was based on the mean values of sex hormone 

levels in previous literature
549,550,551,552

. For oestradiol, a majority of participants‘ 

oestradiol levels of post-menopausal women and of men were not reported because 

their values are below the lower reportable range
548

. For these participants, half the 

lower limit of qualification (LOQ) of oestradiol (36.5 pmol/L) was used to replace 

the unreported values. A similar approach for unreported values was applied in 

previous studies
535

.  

A sensitivity analysis was conducted by excluding cancers diagnosed within the first 

two years after baseline, in order to reduce the likelihood of reverse causation bias.  

All analyses were performed using Stata 14.0 (College Station, TX: StataCorp LP). 
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8.3 Results 

After excluding those who had cancer at the baseline or in the year after the baseline, 

450,404 participants were included in the analysis. Among these participants, 384 

developed incident liver cancer (125 HCC, 102 IBDC) over a median follow-up 

period of 4.7 years (interquartile range, 2.9-6.2). Those who developed liver cancer 

were more likely to be older, male, be from less deprived areas, obese, previous or 

current smokers, have diabetes, hypertension, hepatobiliary diseases, use more beta-

blockers, metformin, PPIs, statins, and have higher mean concentration of ALP, 

AST, ALT, GGT, CRP, and glucose, and higher levels of testosterone and SHBG 

(Table 8.1). 

 

The association between sex steroid hormone levels and risk of liver cancer and its 

histological types are presented in Table 8.2. For oestradiol, no association was 

found with risk of liver cancer. Oestradiol levels of greater than 201 pmol/L in males 

in the unadjusted model were associated with an increased risk of liver cancer (HR 

1.90, 95% CI 1.17, 3.08) and of HCC (HR 2.51, 95% CI 1.34, 4.70). However, these 

associations were attenuated and became non-significant in the adjusted model (liver 

cancer, HR 1.22, 95% CI 0.59, 2.51; HCC, HR 1.01, 95% CI 0.38, 2.67). In females, 

no liver cancer cases were found in pre-menopausal women and no association 

detected in post-menopausal women.  

 

For testosterone, male participants who had higher levels were associated with an 

increased risk of liver cancer, and the association followed a dose-response 

relationship. Compared with levels lower than the 75
th

  percentile, men with levels in 

the  75
th

 to 90
th

 percentile had increased the risk of liver cancer with adjusted HR 

1.51 (95% CI 0.87, 2.61) and those with levels greater than the 95
th

 percentile had a 

higher increased  risk with adjusted HR 2.32 (95% CI 1.38, 3.91) (p trend 0.001). 

Among histological subtypes of liver cancer, the markedly increased risk was only 

found for HCC with higher levels of testosterone associated with higher incidence of 

HCC (75
th

 to 90
th

 percentile, adjusted HR 2.02 (95% CI 0.92, 4.42); over 90
th
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percentile, adjusted HR 3.15 (95% CI 1.52, 6.51) (p trend 0.002). No association 

between testosterone and liver cancer was found in female participants. 

Free testosterone was not associated with risk of liver cancer in either male or female 

participants. 

For SHBG, male participants who had higher levels had an increased risk of liver 

cancer and the association followed a dose-response relationship. Compared with 

those who had levels less than the 75
th

 percentile, those whose levels in the 75
th

 to 

90
th

 percentile had increased risk with adjusted HR of 1.52 (95% CI 0.85, 2.71) and 

those whose levels were greater than the 90
th

 percentile had even higher risk of liver 

cancer with adjusted HR of 3.13 (95% CI 1.88, 5.23) (p trend <0.001). Among 

histological subtypes, the significant increased risk was only shown in HCC and the 

association also followed a dose-response relationship. Compared with levels less 

than the 75
th

  percentile, those with levels in the  75
th

 to the 90
th

 percentile were 

associated with an increased risk with adjusted HR of 1.88 (95% CI 0.77, 4.56), and 

those with levels greater than the 90
th

  percentile was associated with a higher 

increased risk with adjusted HR 4.03 (95% CI 1.92, 8.43) (p trend <0.001). No 

association was found between levels of SHBG and risk of liver cancer in female 

participants.  

A sensitivity analysis, in which cancers occurring within two years after the baseline 

were removed, showed similar findings to the main analysis (Table 8.3). 
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Table 8. 1: Characteristics of liver cancer and non-liver cancer  

 UK Biobank 

Liver cancer No liver cancer 

   

Number of individuals 384 450,020 

Follow-up time 

(lower IQR, upper IQR) 
4.7 (2.9-6.2) 7.1 (6.3-7.7) 

Year of diagnosis: 2007-2011 92 (24.0%)  

                           2012-2016 292 (76.0%)  
 

  

Age at baseline
†
:0-49 13 (3.4%) 111,640 (24.8%) 

                       50-59 114 (29.7%) 152,375 (33.8%) 

                       60-69 253 (65.8%) 184,040 (40.9%) 

                       70-79 4 (1.0%) 1,965 (0.4%) 
 

  

Male 226 (58.8%) 209,860 (46.6%) 

   

Deprivation:  1 (Least deprived) 60 (15.6%) 89,795 (19.9%) 

                       2 67 (17.4%) 89,466 (19.9%) 

                       3 90 (23.4%) 89,561 (19.9%) 

                       4 74 (19.3%) 90,307 (20.1%) 

                       5 (Most deprived) 93 (24.2%) 90,322 (20.1%) 

                       Missing 0 (0%) 569 (0.1%) 
 

  

BMI:                Normal\under weight 93 (24.2%) 147113 (32.7%) 

                         Overweight 149 (38.8%) 190,446 (42.3%) 

                         Obese 140 (36.4%) 109,664 (24.4%) 

                         Missing 2 (0.5%) 2,797 (0.6%) 
 

  

Smoking status
 
: Never 147 (38.3%) 247,270 (54.9%) 

                        Previous 152,539 (47.1%) 152,539 (33.9%) 

                        Current  55 (14.3%) 47,575 (10.5%) 

                        Missing 1 (0.3%) 2,636 (0.6%) 

   

Alcohol consumption   

                       Never 57 (14.8%) 36,208 (8.1%) 

                       < 1 day per week 91 (23.6%) 101,490 (22.6%) 

                       1-2 days per week 85 (22.1%) 116,064 (25.8%) 

                       3-4 days per week 75 (19.5%) 103,975 (23.1%) 

                       >4 days per week 76 (19.8%) 90,892 (20.2%) 

                        Missing 0 (0%) 1391 (0.31%) 
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Table 8.1(continued): Characteristics of liver cancer and non-liver cancer  

 UK Biobank 

 Liver cancer No liver cancer 

   

Comorbidities:   

Diabetes 71 (18.5%) 22,688 (5.0%) 

Hypertension 156 (40.6%) 118,741 (26.4%) 

Hepatobiliary diseases
†
  53 (13.8%) 11,048 (2.4%) 

GORD 18 (4.7%) 18,586 (4.1%) 
   

Medication use:   

Beta blockers 59 (15.3%) 30,831 (6.8%) 

Metformin 45 (11.7%) 13,018 (2.9%) 

NSAID 56 (14.6%) 73,660 (16.3%) 

PPIs 76 (19.8%) 43,465 (9.7%) 

Statins 100 (26.0%) 72,556 (16.1%) 

   

Serum biomarkers: Mean (SD)   

                        ALP 105.9 (69.2) 83.2 (25.4) 

                        ALT 35.2 (31.4) 23.6 (14.1) 

                        AST 38.3 (30.4) 26.2 (10.5) 

                        GGT 107.5 (163.7) 37.2 (41.0) 

                        CRP  3.1 (4.0) 2.5 (4.2) 

                        Glucose 5.8 (2.2) 5.1 (1.2) 

                        Cholesterol  5.3 (1.4) 5.7 (1.1) 

                        HDL 1.3 (0.4) 1.4 (0.38) 

                        LDL 3.2 (1.0) 3.5 (0.8) 

                        IGF-1 16.8 (6.6) 21.4 (5.6) 
   

Testosterone (nmol/L): Mean (SD)   

                       Female 1.19 (0.62) 1.12 (0.65) 

                       Male 12.95 (4.60) 12.01 (3.68) 

SHBG (nmol/L): Mean (SD)   

                        Female 64.2 (35.7) 61.9 (30.9) 

                        Male 55.1 (28.6) 39.3 (16.5) 

   

† 
Hepatobiliary diseases include alcoholic liver disease, liver cirrhosis, hepatitis, primary biliary 

cirrhosis, cholelithiasis, cholangitis, and gallbladder disease.  

The oestradiol levels were not shown because a majority of them are post-menopausal women 

(37.5%) and men (44%) with their oestradiol levels were too low to report. Their unreported 

values were replaced by half LOQ for the analysis. 
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Table 8. 2: The association between sex steroid hormones and risk of liver cancer 

    Liver cancer   HCC  IBDC  

 Cases Person-years Unadjusted HR Adjusted HR Cases Unadjusted HR Adjusted HR Cases Unadjusted HR Adjusted HR  

          

Oestradiol (pmol/L)          

Pre-menopausal female          

<557 8 236082 1.00 1.00 1 1.00 1.00 2 1.00 1.00  

557-938 1 47248 0.84 (0.10, 6.91) 1.92 (0.18, 19.9) 0 - - 1 2.41 (0.21, 26.6) -  

≥938 0 31426 - - 0 - - 0 - -  

Post-menopausal female          

  <265 123 822046 1.00 1.00 17 1.00 1.00 43 1.00 1.00  

≥265 2 44075 0.51 (0.12, 2.10) 0.76 (0.17, 3.28) 1 1.7 (0.22, 13.14) 2.7 (0.28, 27.5) 1 0.74 (0.09, 5.52) 0.72 (0.08, 6.56)  

            

Male            

<201 184 1024008 1.00 1.00 85 1.00 1.00 38 1.00 1.00  

>=201 18 53694 1.90 (1.17, 3.08) 1.22 (0.59, 2.51) 11 2.51 (1.34, 4.70) 1.01 (0.38, 2.67) 1 0.51 (0.07, 3.74) 0.97 (0.12, 7.49)  

            

Testosterone (nmol/L)          

Female             

<1.3 74 785189 1.00 1.00 9 1.00 1.00 27 1.00 1.00  

1.3-1.7 18 194010 1.14 (0.68, 1.91) 1.31 (0.62, 2.77) 5 2.66 (0.89, 7.95) 6.43 (1.39,29.6) 8 1.36 (0.61, 3.00) 0.93 (0.20, 4.35)  

>=1.7 17 134203 1.62 (0.95, 2.75) 1.85 (0.88, 3.88) 6 4.84 (1.72,13.6) 1.43 (0.11,17.9) 6 1.52 (0.63, 3.70) 2.04 (0.54, 7.62)  

P trend   0.08 0.07  0.002 0.37  0.27 0.28  
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Table 8.2 (continued): The association between sex steroid hormones and risk of liver cancer  

   Liver cancer  HCC IBDC  

 Cases Person-years Unadjusted HR Adjusted HR Cases Unadjusted HR Adjusted HR Cases Unadjusted HR Adjusted HR  

Male            

<14 133 845196 1.00 1.00 53 1.00 1.00 31 1.00 1.00  

14-16.5 35 174736 1.35 (0.93, 1.96) 1.51 (0.87, 2.61) 18 1.75 (1.02, 2.99) 2.02 (0.92, 4.42) 5 0.82 (0.32, 2.12) 1.99 (0.68, 5.79)  

>=16.5 43 125857 2.37 (1.68, 3.34) 2.32 (1.38, 3.91) 29 4.02 (2.55, 6.33) 3.15 (1.52, 6.51) 5 1.17 (0.45, 3.02) 2.16 (0.66, 7.01)  

P trend   <0.001 0.001  <0.001 0.002  0.89 0.16  

            

SHBG (nmol/L)          

Female            

<77 95 894538 1.00 1.00 6 1.00 1.00 38 1.00 1.00  

77-100 22 174600 1.29 (0.80, 2.05) 0.89 (0.40, 1.95) 4 3.85 (1.08,13.6) Too small 8 1.14 (0.53, 2.46) 0.95 (0.26, 3.38)  

>=100 19 124634 1.71 (1.04, 2.81) 1.70 (0.82, 3.51) 9 13.4 (4.80,37.9) Too small 5 1.08 (0.42, 2.76) 1.34 (0.36, 4.94)  

P trend   0.024 0.23  <0.001 0.05  0.76 0.97  

            

Male            

<48 98 800072 1.00 1.00 33 1.00 1.00 22 1.00 1.00  

48-60 35 151484 1.46 (0.99, 2.16) 1.52 (0.85, 2.71) 13 1.64 (0.86, 3.14) 1.88 (0.77, 4.56) 13 2.50 (1.25, 5.00) 2.53 (0.88, 7.27)  

>=60 67 107251 3.66 (2.66, 5.02) 3.13 (1.88, 5.23) 48 7.95 (5.05, 12.5) 4.03 (1.92, 8.43) 6 1.53 (0.61, 3.81) 2.75 (0.83, 9.08)  

P trend   <0.001 <0.001  <0.001 <0.001  0.09 0.06  
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Table 8.2 (continued): The association between sex steroid hormones and risk of liver cancer 

   Liver cancer  HCC  IBDC  

 Cases Person-

years 

Unadjusted HR Adjusted HR Cases Unadjusted 

HR 

Adjusted HR Cases Unadjusted 

HR 

Adjusted HR  

            

Free testosterone (nmol/L)          

Female            

<0.018 69 741558 1.00 1.00 13 1.00 1.00 26 1.00 1.00  

0.018-

0.026 

18 163485 1.26 (0.75, 2.11) 1.74 (0.85, 3.52) 2 0.73 (0.16, 3.26) 0.81 (0.08, 8.19) 9 1.75 (0.81, 3.75) 2.59 (0.75, 8.91)  

>=0.026 10 100980 1.18 (0.61, 2.30) 1.79 (0.75, 4.24) 3 1.86 (0.53, 6.56) 1.49 (0.13, 16.2) 3 0.99 (0.29, 3.28) 3.28 (0.80,13.4)  

P trend   0.42 0.09  0.49 0.84  0.52 0.06  

            

Male            

<0.246 175 782546 1.00 1.00 83 1.00 1.00 36 1.00 1.00  

0.246-

0.288 

14 161101 0.55 (0.31, 0.95) 0.55 (0.23, 1.27) 6 0.50 (0.21, 1.15) 0.54 (0.12, 2.34) 3 0.54 (0.16, 1.77) 0.66 (0.15, 2.91)  

>=0.288 10 109313 0.71 (0.37, 1.36) 1.30 (0.61, 2.76) 4 0.60 (0.21, 1.67) 1.85 (0.58, 5.90) 2 0.64 (0.15, 2.73) 1.19 (0.26, 5.30)  

P trend   0.06 0.95  0.10 0.60  0.32 0.96  

The model was adjusted for age, sex, deprivation, BMI, qualifications, smoking, alcohol intake, physical activity, comorbidities (diabetes, hypertension, 

hepatobiliary diseases, GORD), medication use (beta-blocker, metformin, NSAID, PPIs, statins), and serum biomarkers (ALP, ALT, AST, GGT, CRP, 

glucose, cholesterol, HDL, LDL, IGF-1) 

All the sex hormone levels are categorized at <75 percentile, 75-90 percentile, and >=90 percentile. 
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Table 8. 3: Sensitivity analysis of the association between sex steroid hormones and risk of liver cancer by excluding cancer diagnosed within the 

first two years after baseline 

   Liver cancer  HCC  IBDC  

 Cases Person-years Unadjusted HR Adjusted HR Cases Unadjusted HR Adjusted HR Cases Unadjusted HR Adjusted HR  

Oestradiol (pmol/L)          

Pre-menopausal female          

<557 8 197150 1.00 1.00 1 1.00 1.00 2 1.00 1.00  

557-938 1 39461 0.83 (0.10, 6.81) 1.83 (0.17, 19.1) 0 - - 1 2.39 (0.21, 26.3) -  

≥938 0 26221 - - 0 - - 0 - -  

Post-menopausal female          

  <265 107 683164 1.00 1.00 16 1.00 1.00 35 1.00 1.00  

≥265 1 36753 0.27 (0.03, 1.99) 0.46 (0.06, 3.53) 1 1.67 (0.21, 13.0) 2.49 (0.23, 26.5) 0 - -  

            

Male            

<201 163 850695 1.00 1.00 76 1.00 1.00 33 1.00 1.00  

>=201 17 44518 2.04 (1.23, 3.36) 1.31 (0.61, 2.83) 10 2.57 (1.34, 4.98) 0.91 (0.30, 2.76) 1 0.59 (0.08, 4.31) 1.36 (0.17, 10.4)  

            

Testosterone (nmol/L)          

Female             

<1.3 65 653497 1.00 1.00 8 1.00 1.00 22 1.00 1.00  

1.3-1.7 16 161619 1.15 (0.66, 1.98) 1.71 (0.82, 3.57) 5 2.97 (0.97, 9.11) 11.7 (1.99,68.5) 7 1.45 (0.62, 3.42) 1.95 (0.49, 7.72)  

>=1.7 15 111693 1.62 (0.92, 2.84) 1.76 (0.78, 3.97) 6 5.43 (1.88,15.6) 1.43 (0.07,26.1) 5 1.55 (0.58, 4.10) 1.79 (0.36, 8.89)  

P trend   0.10 0.09  0.001 0.17  0.28 0.35  
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Table 8.3 (continued): Sensitivity analysis of the association between sex steroid hormones and risk of liver cancer by excluding cancer 

diagnosed within the first two years after baseline 

 

  Liver cancer HCC IBDC  

 Cases Person-

years 

Unadjusted HR Adjusted HR Cases Unadjusted HR Adjusted HR Cases Unadjusted HR Adjusted HR  

Male            

<14 121 702060 1.00 1.00 49 1.00 1.00 29 1.00 1.00  

14-16.5 30 145175 1.28 (0.85, 1.91) 1.80 (1.02, 3.19) 15 1.58 (0.88, 2.82) 2.44 (1.06, 5.61) 4 0.70 (0.24, 2.20) 1.78 (0.54, 5.83)  

>=16.5 39 104513 2.36 (1.65, 3.40) 2.52 (1.45, 4.38) 27 4.06 (2.55, 6.50) 3.29 (1.52, 7.21) 3 0.75 (0.22, 2.46) 1.72 (0.45, 6.55)  

P trend   <0.001 0.001  <0.001 0.002  0.49 0.32  

            

SHBG (nmol/L)          

Female            

<77 82 744436 1.00 1.00 5 1.00 1.00 32 1.00 1.00  

77-100 18 145246 1.22 (0.73, 2.03) 1.03 (0.44, 2.38) 4 4.62 (1.24,17.2) Too small 6 1.01 (0.42, 2.43) 1.30 (0.34, 4.91)  

>=100 17 103720 1.77 (1.05, 3.00) 1.99 (0.91, 4.37) 9 16.1 (5.38,47.9) Too small 3 0.77 (0.23, 2.54) 0.54 (0.06, 4.59)  

P trend   0.040 0.12  <0.001   0.74 0.74  

            

Male            

<48 92 665134 1.00 1.00 30 1.00 1.00 22 1.00 1.00  

48-60 29 125575 1.29 (0.84, 1.96) 1.13 (0.58, 2.20) 12 1.68 (0.85, 3.29) 1.67 (0.64, 4.37) 10 1.92 (0.90, 4.09) 1.56 (0.46, 5.26)  

>=60 61 88669 3.54 (2.54, 4.92) 3.03 (1.78, 5.19) 45 8.26 (5.15, 13.2) 4.32 (1.96, 9.52) 4 1.01 (0.34, 2.98) 1.44 (0.34, 5.96)  

P trend   <0.001 <0.001  <0.001 <0.001  0.50 0.52  
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Table 8.3 (continued): Sensitivity analysis of the association between sex steroid hormones and risk of liver cancer by excluding cancer diagnosed within the first two years 

after baseline 

   Liver cancer  HCC  IBDC  

 Cases Person-

years 

Unadjusted HR Adjusted HR Cases Unadjusted HR Adjusted HR Cases Unadjusted HR Adjusted HR  

Free testosterone (nmol/L)          

Female            

<0.018 59 617191 1.00 1.00 12 1.00 1.00 19 1.00 1.00  

0.018-

0.026 

18 136073 1.47 (0.86, 2.49) 1.96 (0.95, 4.04) 2 0.79 (0.16, 3.56) 0.58 (0.04, 7.97) 9 2.30 (1.04, 5.10) 3.35 (0.88, 12.7)  

>=0.026 7 84053 0.97 (0.44, 2.12) 1.40 (0.51, 3.78) 3 2.01 (0.53, 7.14) 1.78 (0.16, 18.7) 2 0.87 (0.20, 3.76) 2.67 (0.48,14.7)  

P trend   0.56 0.20  0.41 0.82  0.40 0.13  

            

Male            

<0.246 160 649304 1.00 1.00 77 1.00 1.00 32 1.00 1.00  

0.246-

0.288 

12 134106 0.51 (0.28, 0.93) 0.56 (0.22, 1.40) 5 0.45 (0.18, 1.12) 0.32 (0.04, 2.48) 2 0.40(0.09, 1.68) 0.81 (0.18, 3.65)  

>=0.288 9 91109 0.71 (0.36, 1.40) 1.40 (0.62, 3.13) 4 0.65 (0.23, 1.82) 2.22 (0.66, 7.48) 2 0.70 (0.16, 3.00) 1.44 (0.31, 6.60)  

P trend   0.06 0.90  0.12 0.54  0.32 0.78  

The model was adjusted for age, sex, deprivation, BMI, qualifications, smoking, alcohol intake, physical activity, comorbidities (diabetes, hypertension, 

hepatobiliary diseases, GORD), medication use (beta-blocker, metformin, NSAID, PPIs, statins), and serum biomarkers (ALP, ALT, AST, GGT, CRP, 

glucose, cholesterol, HDL, LDL, IGF-1) 

All the sex hormone levels are categorized at <75 percentile, 75-90 percentile, and >=90 percentile.
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 8.4 Discussion 

8.4.1 Main results 

By using a prospective cohort study in UK Biobank, the current study found some 

evidence that circulating sex steroid hormones were associated with risk of liver 

cancer. This study found that men who had higher levels of testosterone and SHBG 

had higher risk of liver cancer, but this association was not found in women. 

Furthermore, analysis by histological subtypes showed that the increased risk was 

primary for HCC, the main type of liver cancer. The positive association between 

testosterone and SHBG levels with risk of liver cancer remained in the sensitivity 

analysis, suggesting the reverse causality is a less likely explanation of current 

findings.  

 

The study finding that men with higher levels of testosterone had increased liver 

cancer risk is similar to previous prospective studies. A previous nested-case control 

study in Taiwanese male population also found an increased risk of liver cancer in 

men who had high levels of testosterone
536

. Similarly, another cohort study in 

Japanese population also found higher levels of testosterone was associated with 

higher risk of HCC
538

. In both these previous studies the included number of HCC 

cases was small (35 and 20, respectively) compared with the current study (including 

384 cases).  However, the current study results are different from case-control 

studies. For instance, both previous case-control studies found that testosterone 

levels in HCC cases were significantly lower than in controls, suggesting an inverse 

association between testosterone and HCC though neither showed actual risk 

estimates
539,540

.  The similarity of the current findings to previous cohort studies and 

differences with previous case-control studies may be explained firstly by the 

different time points of serum sex hormones collection. In case-control studies the 

sex hormone levels were collected after cancer diagnosis and therefore may not 

reflect their pre-cancer value because levels might be altered during the progress of 

liver cancer initiation and development. Some studies suggested a ‗feminisation‘ 

condition in male patients with cirrhosis. For example, a study comparing liver 

cirrhotic male patients with healthy controls found an elevation of oestrogen levels 

and a decrease of testosterone levels in cirrhotic patients
553

. These alterations of sex 
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hormone levels were more marked in decompensated cirrhotic patients than in 

compensated ones
553

. Similarly, another study also found a predominance of 

oestrogen levels in advanced cirrhotic patients who had Child-Pugh score B or C, 

which indicates more severe liver cirrhosis than patients who had Child-Pugh score 

A
554

. Therefore, the observed reduced levels of testosterone in HCC in case-control 

studies could be the result of feminisation in cirrhosis that precedes HCC. For female 

testosterone levels, the current study was consistent with a nested case-control 

study
535

 of findings of no association between high testosterone levels and risk of 

liver cancer. However, this study found a decreased risk of liver cancer in women 

who had high levels of 4-androstenedione
535

, a precursor of testosterone, which could 

not be investigated in the current study as it was not available in UK Biobank 

dataset. 

 

The current study also found that men with higher levels of SHBG had increased risk 

of liver cancer, which is consistent with a previous cohort 
537

. However, another 

cohort study
538

 with smaller number of HCC cases and another case-control study
539

 

did not find any association between SHBG and liver cancer. In women, no 

association with risk of liver cancer was found, which is different form a nested case 

control
535

 which found an increased risk in women in post-menopausal who had high 

levels of SHBG.  

 

No association was found between free testosterone and oestradiol and risk of liver 

cancer. This is not consistent with a previous nested case control study
535

 which 

found women in post-menopausal with high level of free testosterone had a 

decreased risk of liver cancer and women with high level of oestradiol had increased 

risk of IBDC. However, the current findings of no association of these two sex 

hormones with risk of liver cancer in men were similar to finding of two previous 

cohort studies
537,538

. 

 

The role of sex steroid hormone in the progress of cancer, specifically liver cancer, is 

not fully understood. However, the current findings are consistent with previous 
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cohort studies and a few pre-clinical studies assessing why a high concentration of 

testosterone might be related to liver cancer risk more so in males than in females. 

This can be firstly explained by a much higher concentration of testosterone levels in 

males than in females. Specifically, the mean concentration of testosterone in males 

in this current study is 12.01 nmol/L, whilst in females is 1.12 nmol/L. Furthermore, 

high testosterone has been studied to be associated with other cancers like prostate 

cancer
555,556

, lung cancer
556

 in males and breast cancer in females
557

 . Therefore, 

though no mechanistic explanation has been suggested yet, observational studies 

have generally supported the association between high serum testosterone levels and 

increased risk of cancer. 

 

Furthermore, many studies have mentioned the role of sex steroid receptors as the 

explanation of the impact of sex hormones on liver cancer risk rather than sex steroid 

hormone levels by themselves. Pre-clinical studies have found that HCC tumour 

tissues are featured by an over expression of androgen receptor and diminished 

oestrogen receptor compared with surrounding normal liver tissues
541,542

. 

Experimental studies also found that mice lacking androgen receptors developed less 

liver cancer compared with mice not lacking androgen receptors
543

. Furthermore, 

decreased oestrogen receptors were found to be associated with an increase of 

cytokine of inflammation IL-1 (a cytokine playing an important role in promoting 

cancer-related inflammation)
545

 that was only found in male HCC but not in female 

HCC, therefore suggesting men may be more susceptible to hepatic inflammation 

and carcinoma than women
544

. Finally, experimental studies showed that mice not 

lacking androgen receptors were associated with higher levels of ROS activity in 

hepatic cells and subsequent DNA damage than mice lacking of androgen receptor, 

therefore was associated with higher risk of hepatocarcinogenesis
543

. 

 

8.4.2 Strengths 

To our knowledge, this study is the largest prospective cohort investigating the role 

of sex hormone levels in the relationship with risk of liver cancer. The current study 

is also the first one exploring the sex hormones in both men and women within the 
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same cohort, as we acknowledge that levels of sex hormones are different from men 

to women, and therefore their associations with liver cancer might be different. Sex 

hormone levels were measured at the baseline of the cohort study and participants 

were followed over approximately 5 to 7 years, which is adequate time for the 

occurrence of incident liver cancer cases and therefore the associations are less likely 

to be affected by the reverse causation bias. Sensitivity analysis excluding cases 

diagnosed in the first two years of follow up also helps to eliminate any reverse 

causation bias. Liver cancer cases were determined via cancer registry therefore the 

outcome was verified. Histological subtypes of liver cancer were also provided 

allowing us to demonstrate sex hormones were only associated with increased 

incidence of HCC. Furthermore, a range of covariates was available for us to adjust 

the relationships including main risk factor of liver cancer (age, sex, BMI, smoking, 

alcohol use, comorbidities, medication use). The study further adjusted the 

associations for inflammation CRP, and a range of serum biomarkers that reflect 

liver function (ALP, AST, ALT, GGT) and liver metabolism (glucose, cholesterol, 

HDL, LDL), which no previous studies have been adjusted for. 

 

8.4.3 Limitations 

The majority of oestradiol levels in postmenopausal women and in men were too low 

to be reported and therefore those values were replaced by half of LOQ, which might 

not reflect their true values. Also the majority of females in the current database were 

postmenopausal and therefore the results are not representative for all females. 

Furthermore, as the sex hormone levels in postmenopausal females are below the 

reportable range, the current study could not explore its association with liver cancer 

stratified by subgroups such as those females who have undergone oophorectomy or 

hysterectomy, or taken hormone replacement therapy (factors which have been 

associated with risk of liver cancer). There were also small number of cases in 

histological subtype-specific analysis like HCC, IBDC in women and hence for these 

cancer statistical power was limited to detect their associations with oestradiol levels. 

Also, some results have wide confidence intervals which reflect the limitation of 

sample size, and therefore lack of precision for some results.  
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8.4.4 Future research recommendations 

The results in this study were significant in men, but it is possible that this may 

reflect smaller case numbers included in female only analyses, particularly by 

menopausal status. Future studies should include larger number of pre-menopausal 

women to have a more in-depth exploration about the association between oestradiol 

levels and their risk of liver cancer. Further studies should collect information of sex 

hormones at multiple time points prior to the incidence of liver cancer to allow more 

accurate estimates of its association with liver cancer. Future studies should also 

explore how surgically-induced menopause, like oophorectomy or hysterectomy, 

affects sex hormone levels and how this is associated with the risk of liver cancer. 

Similarly, intake of exogenous hormone like oral contraceptives or hormone 

replacement therapy are likely to alter sex hormone levels, which is possibly 

associated with liver cancer and this should be investigated in future studies. 

 

8.4.5 Conclusion  

In conclusion, the study findings suggest a positive relationship between testosterone 

and SHBG levels and risk of HCC in men. No association between sex hormone 

levels and risk of liver cancer was found in women.  
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Chapter 9 

 

Discussion 
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9.1 Aims of thesis 

The overall aim of this thesis was to investigate novel risk factors for liver cancer 

that have not been widely reported in the literature previously. These factors included 

serum biomarkers, pharmacological exposures, lifestyle habits, and reproductive 

factors. The associations of these risk factors with liver cancer risk were investigated 

by using high quality levels of evidence including systematic review and meta-

analysis and prospective studies based on large populations.  

In this thesis, studies were conducted to explore the relationship between liver cancer 

and these factors of interest: 

 A systematic review and meta-analysis was conducted to synthesize all 

existing evidence of serum biomarkers for iron status in relation to risk of 

liver cancer.  

 A prospective cohort study in UK Biobank and nested-case control study in 

Primary Care Clinical Informatics Unit (PCCIU) database were conducted 

simultaneously to investigate the association of use of PPIs, H2RAs and 

statins in relation to risk of liver cancer. 

 A prospective cohort study in UK Biobank was conducted to investigate the 

relationship between coffee consumption by type and the risk of liver cancer. 

 A prospective cohort study in UK Biobank was conducted to investigate the 

relationship between circulating sex hormone levels and the risk of liver 

cancer.  

 A prospective cohort study in China Kadoorie Biobank (CKB) was conducted 

to investigate the associations between household air pollution and 

reproductive factors in relation to risk of liver cancer mortality within a 

Chinese population. 
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9.2 Summary of chapters and discussion of findings 

9.2.1 Serum biomarkers of iron status and risk of primary liver cancer: A 

systematic review and meta-analysis. 

Extreme iron overload in people who are genetically predisposed by 

haemochromatosis has been known to be a strong risk factor for liver cancer. 

However, evidence of high iron levels in the general population, who do not have 

haemochromatosis, and the risk of liver cancer has not been synthesized. Our current 

systematic review and meta-analysis in Chapter 2 included ten prospective studies 

that met the inclusion criteria and found that high iron levels as measured by serum 

ferritin and serum iron was associated with an increased risk of liver cancer (serum 

ferritin, pooled HR 1.49, 95% CI 1.13, 1.96; serum iron, pooled HR 2.47, 95% CI 

1.31, 4.63). The current meta-analysis added to the literature that people who have 

high iron levels above the normal range (but not classified as having 

haemochromatosis) have an increased risk of liver cancer. Findings from this meta-

analysis suggest clinicians should be aware of, and regularly monitor, iron levels in 

patients who have thalassemia, alcoholic liver disease, chronic viral hepatitis, or are 

having blood transfusion as these conditions have increased iron levels as a 

consequence
138,558

.  

This meta-analysis was limited by the number of individual studies. Furthermore, 

some included individual studies did not adjust for potential confounders such as 

hepatitis, alcoholic liver diseases, or cirrhosis which have been known to be strongly 

associated with high iron levels and liver cancer, and therefore might distort the true 

association of interest. Also, only one individual study measured average iron levels 

over a follow-up period, whilst the rest measured iron levels once at the beginning of 

the follow-up which might not reflect accurately iron levels over the period prior to 

the occurrence of liver cancer. Future cohort studies, ideally recruited from the 

general population, should assess iron levels at different time-points during follow-

up, and take confounding factors like alcohol intake and chronic liver diseases into 

consideration in analysis of liver cancer risk. 
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9.2.2 Proton pump inhibitor and histamine-2 receptor antagonist use and risk 

of liver cancer in two population-based studies 

PPIs and H2RAs are commonly used medication in treating acid-related diseases like 

gastro-oesophageal reflux, dyspepsia, and peptic ulcer disease due to its effectiveness 

in blocking acid release. Overutilisation of PPIs not compliant with guidelines and 

without a proper indication has been existing in many countries, including the 

UK
162,164

. Although PPIs have been studied with respect to the risk of liver diseases 

such as cirrhosis and aggravate hepatic decompensation, there are few studies 

investigating its association with liver cancer. The current study was based on two 

independent UK datasets to examine the relationship between PPIs and H2RAs with 

liver cancer. Through prospective cohort and nested-case control designs in two 

datasets, the study consistently found an increased risk of liver cancer in PPI users 

but not H2RA users (PPI and liver cancer risk in PCCIU, OR 1.80 (95% CI 1.34, 

2.41); PPI and liver cancer risk in UK Biobank, HR 1.99 (95% CI 1.34, 2.94)).  This 

association was more marked for IBDC than HCC (IBDC risk in UK Biobank, HR 

3.12 (95% CI 1.72, 5.68); HCC risk in UK Biobank HR 1.60 (95% CI 0.91, 2.83)). In 

both datasets, adjustments were made for a range of covariates and the associations 

were not attenuated after adjustment, indicating that the associations are less likely to 

reflect confounding by available covariates. However, the current study did not 

exclude the possibility that the onset of liver cancer might have some effects on the 

gastrointestinal tract such as causing gastro-oesophageal reflux, which is an 

indication for PPIs, and therefore the association of PPIs and liver cancer could be 

confounded by indications of PPIs, or could reflect reverse causation bias. To 

address this bias the current study excluded 2 years after baseline in the UK Biobank 

or prior to the date of cancer diagnosis in PCCIU dataset and the associations were 

only slightly attenuated suggesting reverse causation could not entirely explain the 

association.  

In the setting of overutilisation of PPIs worldwide, the current study supports 

prescribing PPIs only when there is a clear indication. Future studies should replicate 

this analytical study in larger population-based cohorts, and be able to investigate 

liver cancer risk by histological type, collecting detailed information of risk factor of 

IBDC such as cholangitis or liver fluke to obtain more accurate estimates of the 

association between PPIs and IBDC, and maintaining the robust methodological 
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approaches taken here such as time-varying co-variate analysis of PPI use over time 

and adjusting for a range of confounders. 

 

9.2.3 Statin use and risk of liver cancer: evidence from two population-based 

studies 

Statins are commonly prescribed to prevent cardiovascular diseases related to high 

cholesterol. Previous studies have consistently found an inverse association of statins 

with liver cancer. However, very few studies adjusted for cholesterol, the main 

indication for prescribing statins, but there is evidence that high cholesterol  is 

inversely associated with liver cancer risk in population-based cohort studies
288,295

. 

Furthermore, concerns were also raised from previous studies that the observed 

inverse association of statins with liver cancer was due to confounding by 

contraindication. In fact, statins have been reportedly less likely to be prescribed in 

patients with chronic liver disease due to some reports of its negative impact on liver 

enzymes
253,

.  

The current study, based on two large population database PCCIU and UK Biobank, 

found an inverse association of statins on liver cancer after taking cholesterol and 

chronic liver disease into consideration (PCCIU, OR 0.61 (95% CI 0.43,0.87); UK 

Biobank, HR 0.64 (95% CI 0.39, 1.07)). The inverse association followed the dose-

response relationship and was more marked in HCC than IBDC (HCC, HR 0.48 

(95% CI 0.24, 0.94); IBDC, HR 1.09 (95% CI 0.45, 2.64)). However, residual 

confounding may still exist in the current study as the information on cholesterol 

levels and liver enzyme levels were not available. Future studies should include 

details of these variables to have a better estimate of the association between statins 

and liver cancer risk.  

 

9.2.4 Coffee consumption by type and risk of liver cancer and other digestive 

cancers: A prospective study from UK Biobank 

Previous studies on coffee consistently showed a reduced risk of liver cancer with 

coffee use. One study observed  that a reduced risk of liver cancer was more marked 

in individuals consuming caffeinated compared with decaffeinated coffee
79

. Instant 
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coffee, which is explored to have higher antioxidants and other biochemical 

compounds compared to ground coffee
337

, has not yet been investigated with respect 

to risk of liver cancer. Furthermore, evidence of the association between coffee and 

other digestive cancers have been inconsistent and few of them investigated a range 

of digestive cancer within the same cohort. Therefore, the current study explored the 

association of three types of coffee including ground, decaffeinated, and instant 

coffee with the risk of liver cancer and other digestive cancer through a prospective 

cohort from the UK Biobank.  

Current findings showed that a reduced risk of liver cancer specifically HCC was 

observed similarly in any type of coffee (ground coffee HR 0.47 (95% CI 0.20, 1.08), 

instant coffee HR 0.51 (95% CI 0.28, 0.93), and decaffeinated coffee HR 0.59 (95% 

CI 0.25, 1.37)). The apparent reduced risk in instant coffee could be attributed to its 

higher frequency of use compared to ground and decaffeinated coffee in UK 

population. However, laboratory studies
337,394

 have found higher antioxidants and 

biochemical components in instant than ground or decaffeinated that might suggest it 

has a stronger anti-carcinogenetic effect. Also the observed inverse association 

followed a dose-response association per cup increase in intake. For other digestive 

cancers, the current study did not find consistent association with coffee 

consumption. 

A limitation of this study was that we were unable to explore the impact of adding 

milk, sweetener, sugar or creamer on the association between coffee and HCC as this 

information was not available, which could have some impact on the estimates. Also 

the information on coffee consumption was only collected once at the baseline, 

whilst coffee consumption habits could have changed over time, and therefore might 

not reflect the true association between coffee and HCC. Therefore, future studies 

should explore further the role of instant coffee in relation to HCC to examine if a 

true inverse association exists and to explore which components of coffee that may 

have any anti-cancer property. Future studies should also collect detailed information 

of coffee consumption by type, by quantity, and include additional information such 

as added sugar, milk, cream, etc. This information should be collected in multiple 

time-points prior to the occurrence of cancer to allow more accurate estimates of any 

associations.  
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9.2.5 Household air pollution and risk of liver cancer mortality: A large 

population-based cohort study 

Household air pollution has been known to be a strong risk factor for respiratory 

diseases like pneumonia, chronic obstructive pulmonary disease, and lung cancer
418

. 

It also has been linked with stroke, ischaemic heart disease, and various cancers
417

. 

However, there has been limited evidence of the association between household air 

pollution and risk of liver cancer. Moreover, previous studies have only investigated 

specific elements of household air pollution, for instance solid fuel use
449

, location of 

stove
451

, or passive smoking
452

 and there is yet to be a study which has explored a 

comprehensive range of household air pollution factors in relation to liver cancer.  

China is an ideal place for such a study as it has a high morbidity and mortality rate 

of liver cancer and is a big consumer of coal
85

. The current study investigated a 

comprehensive range of household air pollution factors in relation to liver cancer 

mortality through a large prospective cohort based Chinese population from China 

Kadoorie Biobank.  

Findings from current study showed that solid fuel use increased the risk of liver 

cancer mortality compared to clean fuel use (HR 1.27, 95% CI 1.01, 1.59), keeping 

the stove burning all day increased the risk (HR 1.21, 95% CI 1.02, 1.44), smoky 

house during the winter increased the risk (HR 1.14, 95% CI 1.00, 1.30), and use of 

coal brick or coalite decreased the risk of liver cancer mortality (HR 0.82, 95% CI 

0.68, 0.99). The current study did not find any association of liver cancer mortality 

and other household air pollution factors including frequency of cooking, presence of 

stove ventilation like chimney or extractor, location of stove, heating house in the 

winter and type of fuel use for heating, pesticide storage, passive smoking, and 

exhaled carbon monoxide.  

This study is the first to investigate detailed aspects and sources of household air 

pollution and liver cancer. A strength of this study was that information was 

collected from the most recent three houses that participants had lived in and so 

reflected long term exposure to pollution. Also, exposures were collected years 

before the onset of liver cancer. However, limitations included that most exposures 

were based on self-report and that liver cancer incidence was not available and so the 
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primary outcome was liver cancer mortality, which is likely to reflect both liver 

cancer incidence and survival. Also, levels of measured exhaled carbon monoxide 

could be confounded if participants had a respiratory health problem like asthma or 

chronic obstructive pulmonary disease that lead to an accumulation of carbon 

monoxide inside their lungs and not due to the household air pollution. Furthermore, 

information on ambient particulate matter in the environment inside the participant‘s 

house which would give a more accurate reading was not available to explore. 

Therefore, future studies should collect data on particulate matter to have a more 

accurate source to evaluate household air pollution exposure levels, and explore 

directly the risk for liver cancer incidence.  

 

9.2.6 Reproductive factors and risk of liver cancer mortality: A population-

based cohort study 

The consistent higher risk of liver cancer observed in men than in women across 

many populations suggests the possibility of a protective effect of female sex 

hormone or a detrimental effect of male sex hormone. In females, various events 

alter hormone levels including menarche, menopause, duration of reproductive life, 

pregnancy, number of children, breastfeeding, use of contraceptive pills, use of 

hormone replace therapy, and surgical removal of reproductive organs like 

oophorectomy and hysterectomy. However, evidence of a relationship between these 

factors and risk of liver cancer is limited and inconsistent in previous studies. 

Moreover, there is a gap in evidence from population-based cohorts in Asian 

countries, where the rate of liver cancer morbidity and mortality is markedly higher 

than Western countries. Therefore, the aim of the current study was to explore the 

relationship between reproductive factors and risk of liver cancer mortality within a 

large population-based prospective cohort from China Kadoorie Biobank.  

Findings from the current study showed no relationship between a range of 

reproductive factors and risk of liver cancer mortality, including duration of fertility, 

parity, failed pregnancy, breastfeeding, contraceptives use, oophorectomy and 

hysterectomy. However, an apparent increased risk of liver cancer mortality was 

observed in post-menopausal women compared to pre-menopausal women (HR 1.65, 

95% CI 1.03, 2.63), which is in line with a previous case-control study
489

. This 
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finding supports evidence from pre-clinical studies that oestrogen in the pre-

menopausal stage can have a protective effect against liver cancer via anti-

inflammatory properties
514

. However, the current study found no association between 

liver cancer mortality and oophorectomy and hysterectomy, which are suggested to 

abruptly reduce levels of oestrogen and therefore higher risk of liver cancer mortality 

should be observed.  

The current study is the first cohort investigated a range of reproductive factors in 

relation to liver cancer mortality. A large population was followed over a period up 

to 9 years. Also, a range of covariates, particularly important risk factors for liver 

cancer, was included in the analyses. However, all information on reproductive 

factors was based on self-report including surgeries like oophorectomy and 

hysterectomy which is open to error. Also, information on the use of menopausal 

hormone therapy was not available and therefore its relationship with liver cancer 

mortality could not be investigated. Hence, future studies should collect this 

information via medical records to have accurate information and include them in 

analyses. Larger populations should also be explored to have higher chance to detect 

associations in some groups. Finally, where possible, the histological types of liver 

cancer should be investigated to identify associations separately for HCC and IBDC. 

 

9.2.7 Circulating sex hormones and risk of liver cancer: A large prospective 

cohort study 

Building upon the previous chapter exploring the reproductive factors in relation to 

liver cancer mortality, which largely found no associations with reproductive factors, 

there is a further need to explore the reason for the sex disparity in liver cancer risk. 

In this chapter circulating hormones from participants in the UK Biobank cohort 

were measured at baseline and participants were followed over a period up to 8 years 

until the onset of liver cancer. The circulating hormones determined for both sexes 

were: oestradiol, testosterone, free testosterone, and SHBG.  

Findings showed that men with higher levels of testosterone and SHBG had 

increased risk of liver cancer, particularly HCC risk (testosterone, HR 3.15, 95% CI 

1.52, 6.51; SHBG, HR 4.03, 95% CI 1.92, 8.43). Similar associations were not 
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observed in women. For oestradiol and free testosterone, no association was found in 

relation to liver cancer in both sexes. Findings of positive associations between 

testosterone and SHGB in relation to liver cancer are in line with previous 

prospective studies
536,538,537

 but contrasted with findings from case-control 

studies
539,540

, which is possibly due to the different time points of collecting serum 

sex hormones and possibly that the sex hormones were altered during the progression 

of liver cancer.  

The current study is the first to investigate circulating sex hormones in both sexes 

within the same cohort, and also the largest cohort study to investigate the role of sex 

hormone in relation to liver cancer risk. However, a large number of female 

participants were post-menopausal, and only a small number of pre-menopausal 

women were included in the analyses, therefore the findings of oestradiol may not be 

representative for the general female population. Furthermore, the number of liver 

cancer cases in pre-menopausal was low reducing the power to detect associations. 

Therefore, future cohort studies should include larger numbers of pre-menopausal 

women to have adequate statistical power to conduct analysis of oestradiol levels in 

relation to liver cancer. Also larger number of pre-menopausal women will allow 

analyses to be conducted accounting for surgeries such as oophorectomy and 

hysterectomy and use of exogenous hormones like contraceptive pills and hormone 

replacement therapy. Finally, circulating sex hormones should be collected at 

different time points rather than one time point at the baseline to have a more 

accurate picture of hormone levels over the life course.   

 

 

9.3 Strength and limitation of databases 

This thesis includes analytical studies derived from a variety of UK and Chinese data 

resources. An evaluation of these databases is outlined below. 
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9.3.1 Primary Care Clinical Informatics Unit (PCCIU) 

The PCCIU database is an electronic primary care dataset from Scotland containing 

data from 1993 and 2011 that captures approximately 15% of the Scottish general 

practice population
213

. A nested-case control study has been conducted in PCCIU in 

chapter 3 and 4 to explore the relationships between medication use of PPIs, H2RAs, 

statins and liver cancer risk. Medication use was retrieved from General Practitioners 

(GP) records. Cases were defined as having a first diagnosis of primary liver cancer 

based on GP Read codes, and were matched with up to five controls based on age, 

sex, and GP practice.  

In PCCIU, the medication use was retrieved from GP records, which therefore 

decreased the possibility of recall bias. The number of prescriptions was recorded 

and therefore dose-response relationship between medication use and liver cancer 

was able to be estimated. Furthermore, defined daily dose (DDD) was also calculated 

from the recorded quantity of tablet use and strength to have a more accurate 

estimate of dose-response of medication use in relation to liver cancer. A number of 

covariates which possibly act as confounders like demographic, lifestyle, habit, 

comorbidities, and other medication use were also included in the analysis to be fully 

adjusted for the association of PPIs, H2RAs, statins and risk of liver cancer. 

However, lifestyle factors included in the analyses were the most recent recorded 

prior liver cancer diagnosis, which possibly lead to inappropriate adjustment if these 

lifestyle factors changed due to a predisposing condition, for instance, cirrhosis. 

Furthermore, PCCIU database did not contain information on histological type of 

liver cancer, for instance HCC or IBDC, and therefore any increased or decreased 

risk in liver cancer could not be attributed to HCC or IBDC. 

 

9.3.2 UK Biobank 

UK Biobank is a major health resource containing approximately 500,000 volunteer 

participants aged 40 to 69 from England, Scotland and Wales recruited from 2006 to 

2010
221

. A wide range of data was collected including lifestyle, environment, 

medical history and physical measures, along with biological samples (blood, urine, 

and saliva samples). Data of demographic, lifestyle, diet, medical history, medication 

use was collected through a touchscreen questionnaire (self-report) and information 
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was later confirmed via a face-to-face interview with a trained nurse. The 

participants were followed up over a long period until the onset of health outcome. In 

chapter 3, 4, 5 and 8, a prospective cohort was conducted in UK Biobank to explore 

the relationship between medication use of PPIs/H2RAs, statins, coffee consumption, 

and serum sex hormones with the risk of liver cancer. Participants who got any 

cancer diagnosis (except non-melanoma skin cancer) at the baseline or in the year 

after baseline were excluded. Participants were divided into exposed or unexposed 

group depending on their self-report of exposure of medication use or coffee 

consumption, or were divided into high levels or low levels of circulating sex 

hormones depending on their serum measurements at the baseline, and were 

followed from one year after baseline until liver cancer diagnosis or censoring (on 

the earliest of the date of death, date of other cancer, or September 30, 2014). Liver 

cancer diagnosis was based upon cancer registry records (ICD 10 codes C22, HCC 

C22.0 and IBDC C22.1).  

One of the strength that UK Biobank over the PCCIU database is the information of 

histological subtypes of liver cancer was available. Therefore any detected 

association of exposure in relation to liver cancer could be identified as of HCC or 

IBDC. A long period of following-up of up to 8 years was conducted across the 

cohort, which was adequate for the occurrence of cancer after exposing to a risk 

factor. A number of covariates were included in the analysis to make a 

comprehensive adjustment for the association between exposure and liver cancer 

risk. However, a weakness of UK Biobank compared to PCCIU database is that it 

does not have information on the quantity of medication use, therefore a dose-

response relationship could not be assessed. Furthermore, all exposure information 

was reported once at the baseline that might not reflect the exposure as accurate as 

over a period of time. Also, exposure information was based on self-report, though 

information was later verified again by a trained nurse, which could lead to errors.  

 

9.3.3 China Kadoorie Biobank 

China Kadoorie Biobank (CKB) is a nationwide prospective study that recruited 

from 2004 to 2008
475

. It included around 512,700 adults aged from 30 to 79 from ten 

regions across China including five rural and five urban areas. CKB collected data of 
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demographic status, lifestyle, diet, medical history via questionnaire and data of 

physical measurement or blood samples were taken at the baseline. The cohort is 

being followed for health outcomes using linkages to health insurance databases and 

established registries, including death registries and chronic disease registries
476

. In 

CKB, the current thesis investigated household air pollution in chapter 6 and 

reproductive factors in chapter 7 in relation to liver cancer mortality. Information on 

household air pollution factors and reproductive factors were collected at the baseline 

via questionnaire. Participants with a cancer diagnosis at the baseline or in the year 

after the baseline were excluded. Participants were followed from one year after the 

baseline until liver cancer death (based upon ICD 10 codes C22) or censoring (the 

earliest of the date of death due to other reasons, the date lost to follow-up, or 31
st
 

December 2014). Deaths within the CKB cohort were based upon China's Disease 

Surveillance Points system which provides mortality statistics for the entire country. 

One of the strengths of CKB cohort over UK Biobank is the inclusion of a hepatitis 

B test result, a major risk factor for liver cancer in China, which allowed better 

adjustment to more accurately determine the association between an exposure of 

interest and liver cancer mortality. Besides, a range of important covariates such as 

demographic characteristics, lifestyle, family cancer history, and comorbidities were 

also included in the analyses. A long following-up period of up to 10 years was also 

available, which might be adequate for the occurrence of cancer events or cancer 

mortality, especially for liver cancer cases which has a poor prognosis. Exposure to 

household air pollution was taken in the most three recent houses that people had 

lived and exposure to reproductive factors was based on experience of a woman‘s 

reproductive life, therefore these information were captured over a large proportion 

of people‘ lifetimes. Furthermore, information of histological subtypes of liver 

cancer was not available in CKB database, therefore liver cancer mortality due to 

HCC or IBDC could not be identified. 

 

9.4 Public health recommendations 

Although the findings of this thesis relate specifically to risk factors for liver cancer, 

it is important to consider the results in the context of broader public health 

recommendations for the prevention of cancer and other diseases.  
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9.4.1 Nutritional factors 

The most common health problems related to iron are iron deficiency and iron 

overload. Iron deficiency is predominantly reported by pre-school aged students, 

women of reproductive age, and in low-income countries where iron intake from diet 

is low or iron loss from parasites is high. It has been reported that anaemia affects 

33% of the population worldwide, in which iron deficiency is the leading cause
559

. 

Iron overload, is more dominant in some specific populations such as individuals 

with hereditary hemochromatosis, thalassaemia, or repeated blood transfusion.  

Iron deficiency or iron overload can present in any population, however, depending 

on which iron status is more prevalent and more distributed in specific populations 

then governments may establish appropriate interventions for their populations. For 

instance, the World Health Organisation (WHO) established guidance on intermittent 

iron supplementation on pre-school and school-age children to prevent iron-

deficiency anaemia in this group, especially targeting children in low-income 

countries or countries with a high prevalence of malaria and hookworm
560

. However, 

iron overload status has not yet received adequate attention. In the Chapter 2 of this 

thesis, we found that people with higher levels of biomarkers indicative of iron status 

(ferritin and serum iron), not predisposed to haemochromatosis, were associated with 

an increased risk of liver cancer, which is in line with evidence for 

haemochromatosis. Our study indicated that a follow-up of iron status in individuals 

is necessary to detect early high iron levels, especially when high iron levels does not 

cause any specific symptoms until iron deposit in organs in later stage. Recently, 

WHO established guidelines on use of serum ferritin to assess population‘s iron 

status to have early detection and appropriate therapy
561

. This guideline will help 

countries to have a clear guidance in determining the prevalence of high or low iron 

status in their population, and therefore prioritise appropriate interventions.  

To my knowledge, there are no clear recommendations for or against coffee 

consumption in relation to cancer prevention. The International Agency for Research 

on Cancer has evaluated the carcinogenicity of coffee in 2016, and drinking coffee 

was not classifiable as to its carcinogenicity to human (group 3)
562

. Evidence from 

epidemiological studies showed coffee was associated with a reduced risk of liver 



Page | 303  
 

cancer and endometrial cancer and had no carcinogenic effect on pancreas, breast, 

and prostate cancer
562

. Our study findings in Chapter 5 were in line with previous 

evidence for the reduced risk of liver cancer in individuals with higher coffee 

consumption, and added to the literature the similar effect of reduced risk of liver 

cancer among caffeinated, decaffeinated, and instant coffee. With respect to general 

health, coffee has been studied to be associated with more benefits than harm in most 

health outcomes, and benefits were largely shown if this consumption was 3 to 4 

cups per day
563

. This is in line with a recommendation from The European Food 

Safety Authority (EFSA) Panel reporting that caffeine consumption of up to 400mg 

per day (approximately 4 cups of coffee per day) does not raise any health risks
318

. 

Based on the current evidence, coffee drinkers can keep their coffee consumption 

within 3-4 cups per day with any type of coffee to gain health benefits from coffee. 

However, individuals respond differently to caffeine in coffee, for instance some 

individuals experience more anxiety, restlessness, and accelerated heartbeat, while 

others do not
564

, therefore individuals might find the appropriate amount of coffee 

that suits them most provided within the recommended dose by EFSA or individuals 

can choose decaffeinated coffee if they are sensitive to caffeine. Also, no studies 

have yet investigated whether adding milk, creamer, sugar to coffee alters the 

benefits of coffee, therefore coffee drinkers should limit adding these additives to 

their coffee. However, pregnant women are a subgroup of the population that should 

not exceed 2 cups of coffee (200 mg caffeine) per day
318

 ,since excessive coffee can 

be associated with low birth rate or pregnancy loss
563

. For both coffee drinkers and 

non-drinkers, it is important to be aware of broader  recommendations for health 

such as following a healthy diet, being physically active, not smoking, and limiting 

alcohol intake (if alcohol is consumed), to help achieve optimal health. 

 

9.4.2 Medication use 

PPIs are a common medication used to treat GORD, dyspepsia, peptic ulcer disease, 

NSAID-associated ulcers, and eradication of Helicobacter pylori in combination with 

other antibacterials
147

. However, due to its effectiveness and safety in treating gastric 

acid reflux symptoms and related disease, PPIs have been overutilised and prescribed 

with unclear indications. However, adverse effect of PPIs have been reported, 
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especially in people with PPIs prescribed long-term
227

. Our study in Chapter 3 added 

to the literature of the adverse effect of PPIs on the liver cancer, specifically IBDC. 

These findings would provide further support to limit PPI use to that recommended 

in guidelines. These guidelines suggest that patients with mild or moderate upper GI 

symptoms (oesophagitis or GORD) after a minimum of four weeks treatment who 

show no ongoing symptoms should reduce their PPI daily dose, or stop and use on 

demand, or use H2RAs as an alternative
565

. It is important to determine the indication 

of PPIs before use, otherwise there is a chance that  side effects of PPI treatment may 

outweigh the benefits
565

. Physicians should explain clearly to patients the potential 

side effects of long term PPI use and encourage them to reduce PPI usage once GI 

symptoms have resolved and adhere to lifestyle adjustments (for instance having 

meals at least 2 to 3 hours before bed time and losing weigh). An audit of PPI 

prescribing by clinicians and GPs should be undertaken regularly and feedback 

mechanisms in place if prescription levels of PPIs are above the norm.  

 

Statins are common medications used to control high cholesterol to prevent first and 

recurrent cardiovascular diseases
236

. Although statins have side effects, for instance, 

statins-associated muscle symptoms and onset of type 2 diabetes risk, the benefit 

from reduced cardiovascular disease risk outweighs the harm from side effects
566

. 

Much evidence has examined and shown that statins do not have negative impacts on 

liver enzymes,  that statin-induced liver injury is very rare, and that statins do not 

adversely affect cognitive function and renal function
566

.  Our study in Chapter 4 

agrees with previous literature about the reduced risk of liver cancer for statins users. 

These evidence supports use of statins in clinical settings if there is an indication. 

However, it is unlikely that statins would be prescribed for the purposes of general 

cancer prevention - changing lifestyle is the first recommendation. 

 

9.4.3 Indoor air quality 

Polluted indoor air quality, mostly related to coal use, has been addressed with a 

variety of health consequences including respiratory, cardiovascular, renal, and 

digestive disease mostly on upper-aerodigestive tract, mental health, and cancer
417,87

. 
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Findings from Chapter 6 in this thesis added to the evidence that coal use is 

associated with a higher risk of liver cancer mortality. It is likely that coal users are 

often poorer residents of less developed countries, who already face disadvantages 

and inequalities in society and healthcare, and may suffer greater  health risks related 

to coal use
567

. Governments should support these vulnerable population using more 

eco-friendly energy to relieve the burden of coal related diseases. Some temporary 

solutions like installation of ventilated stoves could be applied to improve health in 

the short term, however, for longer term health risk and environmental impact, 

research on safer renewable energy should be conducted.  

 

9.4.4 Hormonal and reproductive factors 

In Chapter 7 we found that among different reproductive factors only menopausal 

status was associated with the risk of liver cancer in women. However, data relating 

to hormone replacement therapy (HRT) was not available in our dataset therefore its 

association with liver cancer could not be investigated. With respect to liver cancer, 

some previous literature found an inverse association
495,513

 while others found no 

association with HRT
488

. With respect to other health problems, HRT has been 

shown to reduce menopausal symptoms, reduce hip fracture risk and improve quality 

of life
568

. Nevertheless, some concerns have been raised about increased risks of 

breast, endometrial, and ovarian cancer, and venous thromboembolism
568

.  

In the Chapter 8, liver cancer risk was found to be markedly pronounced in men 

compared with women, which corroborates evidence that a high risk of liver cancer 

in men may be attributed to sex hormones, over-and-above their exposure to other 

risk factors such as hepatitis infection, alcohol and smoking. Therefore, males should 

be more concerned about their predisposition to liver cancer and should be aware of 

lifestyle factors that they can modify, such as reducing alcohol consumption and 

smoking, or reducing the likelihood of exposure to hepatitis infection via getting 

vaccination, practicing good hygiene, having safe sex, and applying protective 

equipment if working in high risk environment like hospitals.   
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9.5 Strategies for liver cancer prevention program 

Liver cancer is a major health problem globally. However, to my knowledge no 

country has established a complete national prevention program for liver cancer yet, 

even Eastern Asian countries where the incidence and mortality rate of liver cancer is 

the highest. National neonatal hepatitis B vaccination is one of the first steps, 

however to control liver cancer more long term strategies are needed. The following 

sections identify some potential strategies which can be conducted to provide better 

liver cancer prevention, control, and management
569

.  

 

9.5.1 Policy impacts 

9.5.1.1 National neonatal hepatitis B vaccination program 

Neonatal hepatitis B vaccination should be obligatory, especially where the rate of 

liver cancer is high. The government should provide pregnant women the 

information about benefits and possible side effects of hepatitis B vaccination, and 

how benefits from vaccination can outweigh side effects in the long term. Parents 

should also be informed of the advantage of herd immunity if most babies were to 

get vaccinated, and provided more information about the benefits and low level of 

risk of vaccination so they are less likely to be influenced by opinions against 

vaccination. An example of the effectiveness of hepatitis B vaccination program can 

be seen from Taiwan, a country with high prevalence of hepatitis B and liver disease 

burden, which has successfully reduced the incidence of HCC after thirty year 

implementing the national vaccination program on all newborn babies
570,571

.    

 

9.5.1.2 Increasing screening of hepatitis infection for high risk group 

Screening programs are effective in detecting early hepatitis B or C infection. People 

who have high risk of getting infection such as healthcare workers, injectable drug 

users, sex workers, people checking at sexual health clinics
572

 should be included in 

the screening program. Screening for pregnant women in antenatal period should 

also be prioritized because the risk of chronic carriage of hepatitis infection is high 

among newborns whose mothers are tested positive for HbeAg
573

. Detecting and 
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controlling the infection in this group will help to reduce the rate of hepatitis 

infection in the population.  

 

9.5.2 Societal impacts 

9.5.2.1 Improving public awareness via education at schools 

Knowledge of risk factors of cancer should be taught at schools and should be 

repeated in higher levels of education. Liver cancer or any other cancer are strongly 

related to people‘s habit and diet. For example, smoking, alcohol intake, poor diet 

like consuming fast food, etc. are risk factors of many types of cancer. Pupils should 

be taught about these risk factors and should have practical sessions to learn how to 

avoid these risk factors. Recent studies have shown that educations program on 

cancer risk factors at schools can promote cancer awareness and willingness to 

engage in health-promoting behaviours
575,576

.  

 

9.5.2.2 Dissemination of research 

The media plays an important role in spreading information. Mass media campaigns 

highlighting the risk of liver cancer, early symptoms of liver cancer and risk factors 

may be beneficial. Also, people in the high risk group such as patients with hepatitis 

B or C, chronic liver disease like cirrhosis or non-alcoholic fatty liver, metabolic 

disease like diabetes or obesity, should be encouraged to get screening or been made 

aware of symptoms. Social media, such as Facebook and Twitter, could be used as a 

platform to transfer information on how to prevent liver cancer to the wider public. 

In addition, clinicians, and cancer researchers could share their knowledge to the 

public via online talks. Studies have shown that education programs can be effective 

in increasing HBV screening
577

and in changing behaviours towards healthy lifestyle 

and diet
578

 , therefore implementation of educational program could be applied to the 

wider general population.  
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9.5.3 Research impacts: Increasing research quality or funding for liver 

cancer project 

Further research are needed to understand better the risk factors for liver cancer. 

Future projects should involve international collaboration, for example integrating 

health data resources from Asian countries together or EU countries together, to have 

a comprehensive understanding of the common risk factors of liver cancer for Asian 

and European populations. For example, the ENCePP Database of Research 

Resources provides a collaboration between research centres and data sources on 

pharmacoepidemiology and pharmacovigilance studies in Europe
579

. This initiative 

has enabled data to be pooled maximizing the research data allows the maximization 

of investigating a relationship of interest throughout different databases. Similar 

collaboration should be made for investigation of risk factors of liver cancer in more 

various fields including pharmacological and non- pharmacological exposures. Data 

networks will help to increase statistical power to detect associations by including 

larger sample size, and allowing assessment of heterogeneity of the association 

across countries and assessing the consistency or generalisability of the study results.  

To my knowledge, only one big consortium on liver cancer based on data from 

multicentre and multicountry was conducted to study the clinical presentation and 

outcomes of liver cancer patients in Africa
580

. Based on results from my thesis, 

which showed that various exposures may be related to the risk of liver cancer, future 

consortiums could investigate numerous exposures for liver cancer and could 

identify specific exposures for specific populations. Additionally results obtained 

would be more precise, than studies using individual datasets, for subgroup analyses 

when investigating relationships in histological subtypes of liver cancer.   

Future epidemiological research needs to apply advanced methodological 

approaches, for example, using Directed Acyclic Graphs (DAGs) to identify better 

the presence of confounding factors. DAGs are a graphic tool that helps to visualize 

the assumptions about the relationship between variables
581

. However, DAGs are 

mostly useful when information about covariates is complete
581

, therefore future 

research in liver cancer should collect the background information as complete as 

possible. Future studies should also use Mendelian randomization to explore genetic 

variations among modifiable risk factors. For example, studies on coffee 

consumption and liver cancer by including Mendelian randomization approach can 
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be of great interest. Studies have found that at least twenty expressed genes are 

different between high and low coffee consumers
582

. Future studies can explore 

further how the interaction between genes and coffee has an effect on the risk of liver 

cancer, or whether different expressed genes relate to different choice of coffee types 

(caffeinated, decaffeinated, or instant coffee) and how this is related to liver cancer. 

Another approach should also be used in future studies which is propensity score to 

balance covariates between two groups which helps reduce bias and allow better 

assessment of causal relationships. Propensity score has been found to be a good 

alternative to control for imbalances over logistic regression when the outcome is 

rare
583

, which might be an appropriate methodological approach for studies of liver 

cancer. Also researchers in various fields like genomics, metabolics, clinical 

hepatology, and basic research should collaborate with epidemiologists to conduct 

studies to gain a more complete understanding of the process of liver cancer 

progression. In addition, in future research it may be beneficial to capture liver 

cancer outcomes linked to cancer registration. Finally, funding are required for every 

step of screening, educational activities, collaborative projects or pooling data among 

cancer registries.  

   

 9.6 Overall conclusion 

The current thesis has contributed to the literature of new risk factors for liver cancer, 

confirming some associations which were previously reported, and clarifying the risk 

of liver cancer by histological subtype in some chapters. In particular, the current 

thesis found evidence that the following factors increased liver cancer incidence risk 

(high serum iron, PPI use, high serum testosterone and high SHBG levels) and liver 

cancer mortality risk (coal use, post-menopausal status). In contrast, the following 

factors were associated with a reduced risk of liver cancer incidence: statin use, 

coffee consumption. Future studies are required to further investigate these exposures 

in order to confirm these findings. These investigations should capture information 

on exposures over a period of time to more accurately define exposure, covariates 

should be collected based on medical records if possible especially information on 

comorbidities, cancer outcomes should be verified via cancer registries and include 

histological subtype, liver cancer should be verified as the primary underlying cause 
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of death if the outcome of interest is mortality, advanced methodological approaches 

like DAGs, Mendelian randomization, and propensity score should be applied, and 

where possible use data from large populations and other populations (beyond UK 

and China databases studied here), to explore the generalisability of these 

associations.  
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