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SUMMARY

Background

Diabetes is one of the biggest challenges of the 21st century. In 2015, 415 million people worldwide were living 

with diabetes. In addition, one-quarter of the world’s adult population have the metabolic syndrome (MetS) 

which directly increases the risk of diabetes, cardiovascular disease (CVD) and all-cause mortality. Diabetes 

and the MetS are becoming increasingly prevalent worldwide and both are thought to be associated with 

an increased incidence and mortality from many cancers. Cancer is the second leading cause of death in 

economically developed countries and the third leading cause of death in developing countries. Together, these 

are common diseases with a considerable impact on public health. Therefore, improving our understanding of 

risk factors and consequences of these diseases is of increasing importance to improve screening programs, 

identify preventive strategies and develop novel therapies. 

The aim of this thesis is to contribute to current knowledge gaps in the association of diabetes and the MetS 

with cancer. Specifi cally, the three broad aims of this thesis are:

i. To examine secular trends in excess all-cause and cause-specifi c mortality in type 1 and type 2 diabetes 

compared with the general population, overall and by age-group;

ii. To quantify associations of type 1 and type 2 diabetes with cancer; and

iii. To quantify associations of the MetS and individual components of the MetS with cancer.

Further, this thesis aims to address methodological concerns not addressed in previous research of metabolic 

disease and cancer. 

Methods

To adequately address these questions prospective, population-based studies with high quality databases and 

long follow-up time are needed. Publications included in this thesis pertain to results derived from analyses 

conducted using four national data sources: the National Diabetes Service Scheme (NDSS); the Australian and 

New Zealand Diabetes and Cancer Collaboration (ANZDCC); the National Death Index (NDI); and the Australian 

Cancer Database (ACD). The NDSS is a large-scale administrative database of Australians with diagnosed 

diabetes and the ANZDCC is a large pooled cohort comprised of 18 population-based cohort studies within 

Australia and New Zealand (ANZ).  Both the NDSS and ANZDCC cohorts were linked to the ACD and the NDI 

to obtain incident cancer and mortality outcomes, respectively. 



Part Iviii

Key Findings

Several key fi ndings have arisen from this work:

1. Age-standardised mortality rates (ASMRs) for all-cause, CVD and diabetes mortality have decreased in 

people with type 1 and type 2 diabetes in the last decade, while cancer ASMRs remain unchanged. 

2. Improvements in mortality are seen among older age groups (40–60 and 60–80). However this is not seen 

across the entire age spectrum with younger ages (0–40) not experiencing the same declines in mortality 

and even more concerning, for type 2 diabetes, increases in all-cause and cancer mortality were noted in 

this age group.

3. Cancer is a leading cause of death in people with diabetes and the proportion of deaths due to cancer is 

increasing over time. 

4. Using underlying cause of death to quantify the mortality burden among people with diabetes will 

underestimate by >50% of deaths attributed to CVD.

5. People with type 1 and type 2 diabetes are at increased risk for a number of site-specifi c cancers and risk 

estimates are similar between type 1 and type 2 diabetes.

6. Detection bias and reverse causation explain some, but not all, of the associations between diabetes and 

cancer.

7. The MetS is associated with an increased risk for overall and colorectal cancers and these associations are 

driven largely by obesity and hypertension. However, the MetS is not a useful tool for deciding who is and 

who is not likely to get cancer. 

8. Measures of central and general obesity are similarly predictive of cancer risk, though stronger associations 

with central obesity suggest a key role in the pathogenesis of cancer. 

9. Hypertension, both treated and untreated, is associated with a modest increased risk for cancer incidence 

and mortality. Similar risks in treated and untreated suggest the increased cancer risk is not due to anti-

hypertensive treatment.  

Conclusion

This thesis has added to the current evidence-base on the association between metabolic disease and cancer. 

This work has wide-ranging clinical and public health implications. These include insights into the potential 

mechanisms of cancer; assessment of the burden and consequences of metabolic disease; recommendations 

to clinicians to be vigilant in ensuring diabetes patients are up to date with cancer screening according to 

screening guidelines for the general population; aggressive management of risk factors among young-onset 

type 2 diabetes to prevent premature mortality; the need to adapt our health care systems to meet the changing 

needs of diabetes patients in the future and the need for lifestyle modifi cation programs to prevent both type 2 

diabetes and cancer. Considering the high prevalence of diabetes and the MetS, even a small increase in cancer 

risk could have severe consequences at the population level. Therefore, it is imperative that we use this and 

similar data to inform policies that will improve the health and care of people living with metabolic disease. 
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CHAPTER 1 

Introduction

Diabetes has become one of the biggest challenges of the 21st century.1 In 2015, almost 415 million people 

worldwide were living with diabetes and this is expected to increase to 642 million by 2040 as a result of 

population growth, aging, unhealthy diets and sedentary lifestyles.2 In addition, one-quarter of the world’s 

adult population has the metabolic syndrome (MetS) which directly increases the risk of diabetes, cardiovascular 

disease (CVD) and all-cause mortality.3,4 Diabetes and the MetS are becoming increasingly prevalent worldwide, 

and both are thought to be associated with an increased incidence and mortality from many cancers. Cancer is 

the second leading cause of death in economically developed countries and the third leading cause of death 

in developing countries.5 Diabetes, the MetS and cancer are common diseases with a considerable impact on 

public health. Therefore, improving our understanding of risk factors and consequences of these diseases is 

of increasing importance to improve screening programs, identify preventive strategies and develop novel 

therapies. 

This introductory Chapter will fi rst defi ne diabetes and the MetS, their risk factors and associated complications. 

Second, this Chapter will summarise the current body of evidence linking diabetes, the MetS and cancer, and 

highlight relevant paucities in the literature at the time of commencement of this PhD. Last, this Chapter will 

briefl y summarise the main objectives of this thesis and the relevant publications that have arisen from this work. 

This Chapter provides the background for why this thesis has been necessary to advance our understanding of 

the association between metabolic diseases and cancer. 

1.1 Metabolic Disease

Metabolism refers to the biochemical processes that allow us to grow, reproduce, repair damage and respond 

to our environment. Metabolic disease arises when these biochemical pathways are disrupted. This thesis will 

consider two key metabolic disorders: diabetes and the MetS.

1.1.1 Diabetes

Diabetes mellitus, more commonly referred to as diabetes, consists of a group of metabolic diseases 

characterised by hyperglycaemia with disturbances of carbohydrate, fat and protein metabolism resulting from 

defects in insulin secretion, insulin resistance, or both.6 There are two main types of diabetes: type 1 diabetes 

and type 2 diabetes.
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1.1.1.1 Type 1 Diabetes

Type 1 diabetes accounts for 5–10% of all people with diabetes7 and is a state of absolute or near absolute 

insulin defi ciency usually caused by autoimmune destruction of pancreatic β-cells.8 People with type 1 diabetes 

therefore require insulin therapy for survival. The disease can affect people of any age but is usually diagnosed in 

children or young adults. Characteristic symptoms of uncontrolled hyperglycaemia include polyuria (excessive 

urination), polydypsia (excessive thirst), blurring of vision, weight loss and infections. The underlying cause of 

type 1 diabetes is unknown, though there are several postulated causes. 

First, there is considerable geographic and ethnic variation in the risk of type 1 diabetes. For example, the 

incidence of type 1 diabetes varies from 0.73/100,000 per year in China9, to 18/100,000 in Australia10, to 

60/100,000 in Finland11. This equates to a child in Finland being 100 times more likely to develop diabetes 

than a child in China. These variations suggest different pools of susceptibility genes, or different prevalence 

of causative environmental factors, or a combination of both. Second, there is evidence for marked variations 

in type 1 diabetes incidence by season. For example, declines in type 1 diabetes incidence have been noted in 

the warmer months, implicating a climatic factor, possibly exposure to vitamin D.12 In vitro studies have shown 

vitamin D3 to be immunosuppressive and experimental models of autoimmunity have shown vitamin D to be 

protective for type 1 diabetes.13 However, observational studies in humans are confl icting. A birth-cohort in 

Europe has reported a protective effect of vitamin D supplementation14 while other studies have demonstrated 

no association.15 It is also possible that seasonal variations in type 1 diabetes incidence may be explained by 

exposure to viral infections in people with autoimmunity.16 Several viruses have been linked to type 1 diabetes, 

in particular the herpes virus, mumps, rubella and retroviruses.17 Several studies also implicate enteroviruses in 

the pathogenesis of type 1 diabetes, though  evidence is confl icting.18 Lastly, family history of type 1 diabetes19 

and susceptibility genes, such as specifi c HLA geneotypes,20 are also associated with an increased risk for type 1 

diabetes. In addition, for unknown reasons, the incidence of type 1 diabetes has been increasing progressively 

over the last half century by 3–5% per year.21-23 Hypotheses include changes in environmental risk factors 

including increased obesity, early events in the womb, diet early in life and/or viral infections.24

1.1.1.2 Type 2 Diabetes

Type 2 diabetes is the most common form of diabetes, accounting for 90–95% of all diabetes7 and is characterised 

by disorders of insulin resistance and insulin secretion.8 This leads to an inadequate, compensatory increased 

production of insulin, during early stages of type 2 diabetes, resulting in hyperinsulinaemia. In later stages 

of type 2 diabetes, pancreatic β-cells fail to produce adequate insulin, resulting in hyperglycaemia. Type 2 

diabetes usually occurs in adults but is increasingly seen in children and adolescents.25 Symptoms of type 2 

diabetes may be minimal or even absent and therefore a diagnosis can be delayed for many years. In fact, it 

is estimated that close to half of all people with diabetes are unaware of their disease.2 This is of considerable 

importance as in this time, excess glucose is causing damage and people are often not diagnosed until 

complications have already begun to develop. Indeed, several studies have found that many people with 

undiagnosed diabetes already have complications such as chronic kidney disease, heart failure, retinopathy 

and neuropathy.26-28 Strategies to identify diabetes in its early stages may be warranted to prevent or reduce
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the risk of developing complications. However, current evidence that screening will reduce diabetes-related 

is questionable. Evidence from the Diabetes Prevention Program (DPP), a 27-center randomised clinical trial, 

failed to show that intervention, either with lifestyle modifi cations or pharmalogical treatment (metformin), 

decreased miscrovascular outcomes.29

Although the reasons for developing type 2 diabetes are still not clear, there are several known risk factors. 

Obesity and weight gain have consistently been shown to be one of the strongest modifi able risk factors for 

diabetes.30-32 It is estimated that 60–90% of people with type 2 diabetes are obese and obesity itself causes 

insulin resistance.33 However, the majority of obese people do not develop diabetes and therefore obesity is 

only one factor that leads to the development of type 2 diabetes. Ethnicity is also a known risk factor for type 

2 diabetes with considerable variations in diabetes prevalence among different ethnic groups. For example, 

in the US between 1988 and 2012, the prevalence was 1.9 and 2 times greater in African Americans and 

Latino Americans respectively, as compared with white Americans of the same age with prevalence estimates 

of 21.8% and 22.6% respectively, compared with 11.3% for white Americans.34 Pima Indians and Pacifi c Island 

populations have the highest prevalence of diabetes in the world, with 40–50% of adults living with diabetes.35-37  

In Australia, Indigenous populations have an age-adjusted diabetes prevalence more than three times that of 

non-Indigenous Australian populations, with estimates of 18% and 5.1%, respectively.38 The risk of type 2 

diabetes also increases with age,39 family history of diabetes40 and lifestyle behaviours such as  smoking41, 

physical inactivity42 and poor diet.43 In fact, 80–90% of all causes of type 2 diabetes have been attributed to the 

unhealthy lifestyle practices that come with modern industrialised environments.44 

In 2015, the global prevalence of diabetes was estimated to be 8.8%. This equates to 415 million people, with the 

majority of this burden being attributed to type 2 diabetes.2 Consequently, type 2 diabetes and its complications, 

discussed below, have a considerable health and economic burden.2 And most cases are preventable. Evidence 

from the DPP fi rst demonstrated that intensive lifestyle intervention of weight loss and exercise decreased the 

incidence of diabetes by 58% in those who were at high risk for diabetes. This was considerably higher than 

the 31% of diabetes cases that were prevented in the pharmacological treatment arm.45 This fi nding has now 

been replicated in several studies in various high risk populations.46,47 Specifi c targets for diabetes prevention 

and halting the growth of obesity and diabetes is now high on the global action plan for the prevention and 

control of non-communicable diseases.

1.1.1.3 Other forms of diabetes

There are several other specifi c types of diabetes that are less common. These can be broadly classifi ed into 

gestational diabetes (diabetes during pregnancy), genetic defects of β-cell function, genetic defects in insulin 

action, diseases of the exocrine pancreas, infections, drug- or chemical-induced, endocrinopathies, immune-

mediated diabetes and other genetic syndromes sometimes associated with diabetes.8 These forms of diabetes 

will not be discussed further in this thesis. 
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1.1.1.4 Diabetes complications

People with diabetes are at risk of developing a number of diabetes complications. These are, in general, 

divided into microvascular and macrovascular complications. The microvascular complications of diabetes 

include nephropathy (kidney disease), retinopathy (blindness) and neuropathy (leading to amputations, joint 

problems and foot ulcers).48 Strict glycaemic control, as shown in clinical trials, can reduce the incidence of 

microvascular complications.49 The macrovascular complications of diabetes are underpinned by the process 

of atherosclerosis which leads to narrowing of the arterial walls throughout the body.50 This process ultimately 

leads to an increased risk for CVD. In people with type 2 diabetes, the risk of having an incident myocardial 

infarction or stroke is increased 2- to 3-fold, independent of other known risk factors for CVD.51 Type 1 and 

type 2 diabetes have a 5.2 and 4.9 increased risk for CVD mortality respectively, compared with people without 

diabetes.52 In fact, CVD is the primary cause of death in people with either type 1 or type 2 diabetes53,54 and 

accounts for the greatest component of health care expenditure in people with diabetes.55 The benefi ts of 

improved glycaemic control are less clear with respect to macrovascular disease where large-scale clinical trials 

have shown that in patients with long duration of diabetes, strict glycaemic control may in fact be detrimental 

in some circumstances.56,57

Recently, evidence suggests that mortality from these ‘traditional’ complications of diabetes, in particular CVD, 

may be decreasing.58-60 While these fi ndings should be confi rmed in other populations, these trends suggest 

improvements in the treatment and prevention of diabetes complications over time. However, with people 

with diabetes now less likely to die from CVD, attention has shifted to other non-traditional complications of 

diabetes, such as cancer. This is discussed in greater detail in Section 1.2 and in Chapter 3.  

1.1.2 Metabolic Syndrome

The MetS is defi ned by a constellation of interconnected physiological, biochemical, clinical and metabolic 

factors that directly increase the risk of CVD, type 2 diabetes and all-cause mortality.61 Features of the MetS 

include obesity (particularly central obesity), hypertension, dyslipidaemia (specifi cally hypertriglyceridemia 

and low high-density lipoprotein (HDL) cholesterol) and insulin resistance. The concept of the MetS was fi rst 

described by Kylin in the 1920s62 and by 1988, Reaven had established the importance of this syndrome and 

suggested a conceptual framework to link these apparently unrelated clinical and biochemical characteristics.63 

Today, the pathophysiological basis for the association between these factors remains unidentifi ed. However, 

central obesity and insulin resistance are believed to be central to understanding the pathogenesis of the 

syndrome.64
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Table 1.1 Harmonised criteria for identifying the metabolic syndrome 
Measure Categorical thresholds
Elevated waist circumference Population and country-specifi c defi nitions
Elevated triglcyerides ≥1.7 mmol L-1 or drug therapy for hypertriglyceridemia
Reduced HDL-cholesterol <1.0 mmol L-1 in men, <1.3 mmol L-1 in women or drug 

therapy for low HDL-cholesterol
Elevated blood pressure Systolic ≥130 mmHg and/or diastolic ≥85 mmHg or drug 

therapy with a history of hypertension
Elevated fasting plasma glucose ≥5.6 mmol L-1 or glucose-lowering therapy
Source: Alberti KG, Eckel RH, Grundy SM, et al. Harmonizing the metabolic syndrome: a joint interim statement 
of the International Diabetes Federation Task Force on Epidemiology and Prevention; National Heart, Lung, 
and Blood Institute; American Heart Association; World Heart Federation; International Atherosclerosis 
Society; and International Association for the Study of Obesity. Circulation 2009.120(16):1640-5

Different national and international organisations have produced various overlapping, but different, iterations 

of diagnostic criteria for the MetS over the last 15 years. To address recognised shortcomings in previous 

defi nitions, in 2009, a harmonised defi nition was generated by a working group on behalf of the International 

Diabetes Federation (IDF), National Heart Lung and Blood Institute, American Heart Association, World Heart 

Federation, International Atherosclerosis Society and the International Association for the Study of Obesity.3  

Currently, any three out of the fi ve criteria listed in Table 1.1 constitutes a diagnosis of the MetS. Population and 

country specifi c defi nitions of elevated waist circumference (WC) refl ect the inherent differences in ethnicity for 

defi nitions of central obesity. 

The MetS confers a 5-fold increase in the risk of type 2 diabetes and 2-fold increase in risk of developing 

CVD over 5–10 years.3 The MetS is currently used in clinical practice as a simple tool to predict future risk of 

developing type 2 diabetes and/or experiencing a CVD event.65 However, the clinical utility of the MetS above 

and beyond its individual components has been controversial with sceptics arguing that the label of the MetS 

adds little to established methods for risk calculation for type 2 diabetes and CVD.66-68 The MetS has also been 

implicated as a risk factor for cancer, discussed in detail in Chapters 1.3 and 5, but its utility in predicting cancer 

risk in also not clear.  

1.2 Diabetes and Cancer: The Evidence

An association between diabetes and cancer has been recognised for many years. Epidemiologists fi rst noted 

an association between diabetes and cancer in the early part of the 20th century when it was observed that 

diabetes and cancer were being diagnosed within the same individual more frequently than would be expected 

by chance.69,70 However, until the 1990s much of the epidemiological fi ndings were inconsistent due to many 

confounding risk factors that were not accounted for in previous research. Since then, a wealth of research has 

been conducted in the fi eld of diabetes and cancer. 
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Numerous epidemiologic studies have identifi ed associations between type 2 diabetes and several types of 

cancer in various populations. The large amount of literature on this topic has been summarised in several 

recent reviews.69-71 While the literature indicates a strong and consistent association between type 2 diabetes 

and cancer, the magnitude and direction of the association depends on the specifi c site of the cancer.72 The 

strongest relationships have been demonstrated for liver73 and pancreatic74 cancers, although these may 

also refl ect some degree of reverse causality, with the cancer itself leading to the onset of type 2 diabetes. 

Risk of endometrial cancer appears to be doubled in women with diabetes75 and risks of breast, colorectal, 

bladder, stomach, kidney and non-Hodgkin’s lymphoma are approximately 20–40% higher in people with type 

2 diabetes.76-81 Interestingly, there appears to be a protective effect of diabetes for prostate cancer, in the 

neighbourhood of 15%, which is thought to be due, in part, to reduced levels of endogenous testosterone 

levels in men with type 2 diabetes.82 On the other hand, although the number of studies is small, there appears 

to be no consistent association with lung,83 thyroid84 and ovarian85 cancers.

Although many of these studies do not specifi cally record diabetes type, 90–95% of adults with diabetes have 

type 2 diabetes. Therefore, at least 90% of the populations in these studies would have type 2 diabetes. In 

contrast to type 2 diabetes, studies on the risk of type 1 diabetes and cancer have been few and largely 

inconsistent. This is most likely due to variability in defi nitions of type 1 diabetes and differences between 

cohort and case-control study designs. Nonetheless, some studies report increased risks for pancreatic, liver, 

mouth and pharyngeal, stomach, skin and ovarian cancer, as well as leukaemia in those with type 1 diabetes.86 

For other rarer malignancies and cancer-specifi c mortality, the number of studies is small, and more importantly, 

they usually lack adequate power to reliably explore these associations. The ability to tease out relationships of 

type 1 and type 2 diabetes with site-specifi c cancer (especially the magnitude of the association), is hampered 

largely by the lack of cohorts of suffi cient size and long follow-up time.   

1.2.1 Potential mechanisms linking diabetes and cancer

Biological mechanisms

A number of biologically plausible explanations exist for the observed association between diabetes and 

cancer, including metabolic derangements typical of diabetes, in particular hyperglycaemia or insulin resistance 

and hypersinulinaemia.69,72 Evidence is accumulating that hyperinsulinaemia promotes tumour cell growth 

directly via the insulin receptor, or indirectly via the insulin-like growth factor I (IGF-I) receptor, both of which 

are expressed on many cancer cells.87-89 High levels of circulating IGF-I are associated with increased risk of 

certain cancers including colorectal, breast and prostate cancers.90-92 Alternatively, hyperglycaemia may drive 

associations between diabetes and cancer, though studies are inconclusive. It is well known that cancer 

cells take up glucose at a higher rate compared with non-cancerous cells. Therefore, it is plausible that an 

environment abundant in glucose, as is seen in diabetes, could promote the growth of cancer cells. A recent 

European study found that higher glucose levels were associated with increased risks for several cancers.93 

However, data from large randomised controlled trials of intensifi ed glycaemic control suggest that cancer risk 

is not reduced by improving glycaemic control in type 2 diabetes which does not support the hypothesis that 

hyperglycaemia is causally linked to increased cancer risk.94 It should be noted, however, that trials such as these
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were not designed to examine cancer incidence as a primary outcome and all of the patients in these studies 

already had diabetes and therefore were all at potentially increased risk of cancer. Therefore, the jury is still 

out as to whether hyperglycaemia plays an important role in associations of diabetes and cancer. Nonetheless, 

hyperglycaemia occurs in both type 1 and type 2 diabetes, while insulin resistance and hyperinsulinaemia are 

much more prominent in type 2 diabetes. Therefore, investigating both diabetes types may shed light on the 

likely mechanistic pathway and the role of hyperglycaemia in these associations. 

Shared risk factors

Diabetes and cancer share many common risk factors. Overweight and obesity are known to be associated with 

an increased incidence of several cancers including colorectal, endometrium, pancreas, oesophageal, kidney, 

gallbladder, ovarian, breast and liver cancers.95-100 Obesity is a known risk factor for type 2 diabetes33 and in 

countries where obesity prevalence is high, people with type 1 diabetes are also more likely to be obese.24 

Obesity leads to insulin resistance, which may partly explain associations with cancer.101 Studies of visceral 

adiposity, a marker of insulin resistance, have shown increased risks for both type 2 diabetes102 and certain 

cancers103 independent of body mass index (BMI). 

Poor dietary habits and physical inactivity are also important confounding factors to be considered in studies 

of diabetes and cancer as they may mediate cancer risk via insulin resistance and obesity95,104 Similarly, tobacco 

smoking is more common in people with type 2 diabetes and is a risk factor for several cancers.105 These 

primary modifi able risk factors are also closely associated with socioeconomic status, another potentially 

important factor to be considered in analysis of diabetes and cancer.106 While exploring these factors in detail 

is not the aim of this thesis, they are important considerations in our understanding of associations between 

diabetes and cancer.

Competing risks

Another consideration is the potential impact of competing risks. The concept of competing risk suggests that 

among people with diabetes, an increased risk of death due to other causes, most notably CVD, would compete 

for the incidence of cancers, which may have a longer latency period.72 For example, improvements in CVD risk 

reduction have led to reduced CVD mortality in the general population as well as the diabetic population.107 

It might be expected that, as life expectancy increases, we will see an increase in the number of cancer cases 

in the diabetic population, but we would only see an increase in cancer rates if the additional survivors are 

more susceptible to cancer, which is unlikely to be the case. However, if one competing risk (CVD, for example) 

decreases without change in the cancer rates, we will observe an increasing cumulative  risk of cancer, and 

hence an apparent increase in the cancer burden.72

Detection bias and reverse causality

It is also possible that the observed risk estimates for diabetes and cancer risk may be due to methodological 

challenges in previous research. For example, detection bias has been suggested as a plausible explanation, 
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at least in part, for the observed association between diabetes and cancer risk.72,108,109 Detection bias may 

occur when cancer is more likely to be observed for people with newly diagnosed diabetes compared to 

people without diabetes simply due to increased interaction with the health care system as a result of the 

new diagnosis. Alternatively, detection of diabetes may occur in people seeking medical care for symptoms 

related to cancer. It is this differential health care utilisation and use of screening tests that may lead to an 

overestimation of cancer risk for people with diabetes. 

Alternatively, reverse causality could explain associations of diabetes and cancer. Dysfunction in insulin 

secretion as a consequence of cancer may be suffi cient to induce hyperglycaemia, particularly in individuals 

with underlying insulin resistance.72 This is of particular relevance for associations between diabetes and 

pancreatic cancer, which has been discussed in detail in Appendix 1. Cancer affecting similarly active metabolic 

organs such as the liver may also result in derangements of glycaemic control and cause diabetes onset. 

While reverse causality is a potential alternative hypothesis for the observed associations between diabetes, 

particularly type 2 and cancer, evidence suggests it is unlikely to explain the entirety of the association.72 For 

example, studies have shown that observations of elevated pancreatic cancer risk persist up to ten years after 

diabetes onset. This is unlikely to be due to reverse causality as pancreatic cancer is rapidly progressive and 

generally fatal.110 Therefore, pancreatic cancer is only likely to lead to diabetes in the short term (<6 months) 

and not for extended periods following diabetes diagnosis. 

Thus, these relationships are complex and require the use of large, population-based datasets with long follow-

up time and the application of advanced epidemiologic methods to disentangle true associations from bias. 

1.3 Metabolic Syndrome and Cancer

There is emerging evidence that the MetS, a syndrome on the continuum between obesity and type 2 diabetes, 

may be an important etiologic factor in the development and progression of certain types of cancer and cancer 

mortality.111  A 2012 meta-analysis reported that the MetS is associated with a low to modest increased risk 

for colorectal, post-menopausal (PM) breast, bladder, pancreatic, endometrium and liver cancers,112 but for 

prostate cancer evidence is confl icting. Some studies report an increased risk,113 others report a decreased 

risk114 and others report no association with the MetS.112 In addition, the association between the MetS and 

cancer differs betweens sexes, populations and varying defi nitions of the MetS making it diffi cult to make 

direct comparisons between studies.112

Mechanisms linking the MetS and cancer are not well understood. The MetS may be a surrogate marker for 

other cancer risk factors, such as decreased physical activity, consumption of high-calorie dense foods, high 

dietary fat intake, low fi bre intake and oxidative stress.3 It is also possible that the association may be mediated 

by obesity, insulin resistance and overt hyperglycaemia, which have been repeatedly associated with increased 

risks for some common cancers115,116 and are important factors contributing to the prevalence of the MetS. 

There is also some evidence to suggest that elevated blood pressure (BP) is associated with an increased cancer 

risk117 while HDL-cholesterol has been shown to have an inverse association with cancer.118 It remains to be 
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elucidated if factors within the MetS act in synergy on the risk of cancer or if individual components are driving 

observed associations. This thesis will explore, in detail, associations of two individual MetS components, 

obesity and hypertension with cancer risk. 

1.3.1 Obesity and cancer

Obesity is a well-established risk factor for cancer. Reports from the World Cancer Research Fund have 

confi rmed that there is suffi cient evidence to support causal associations between obesity and cancers of the 

oesophagus, pancreas, colon, rectum, gallbladder, kidney, breast [post-menopause (PM)], endometrium and 

ovaries.95-100 Findings for prostate cancer, however, are mixed with some studies suggesting that there may be 

associations only in those with advanced prostate cancer.119 Given the plausibility of the biological explanations 

(detailed below), the consistency of associations across studies, excluding prostate cancer, and the suffi ciently 

long latency times between measurement of obesity and cancer occurrence, many of these associations are 

likely to be causal.120 Additionally, recent studies of patients undergoing bariatric surgery for morbid obesity 

point to a reduction in cancer incidence associated with sustained weight loss121,122 which adds further weight 

to a causal association between obesity and cancer risk.

Currently, fi ndings suggest sex and cancer site-specifi c biological mechanisms underpin associations between 

obesity and cancer and it is unlikely that there is one single underlying mechanism.120 The three most common 

pathways proposed are those involving insulin and IGF,88 sex steroids123,124 and adipokines and markers of 

chronic infl ammation (all linked through insulin resistance).125 The insulin-cancer hypothesis was postulated 

over a decade ago by Eyseen126 and Giovannucci.127 They suggest that hyperinsulinaemia may contribute to 

cancer developing through the growth-promoting effect of elevated levels of insulin. In its simplest form, 

prolonged hyperinsulinaemia reduces the production of IGF binding protein (IGFBP)-1 and IGFBP-2 (which 

normally binds to IGF-1 and inhibits its action). This results in an increase in levels of free or ‘bioactive’ IGF-I 

and concomitant changes in the cellular environment that favours tumour development.120

Over the past decade, it has also become clear that adipose tissue is a highly active and large source of 

endocrine and metabolic activity.128 It is thought that most established risk factors for breast cancer probably 

act through oestrogen-related pathways and increased concentrations of circulating oestrogen-related 

hormones have been linked to breast cancer risk.120 Experimental evidence from in vitro and animal models 

supports this fi nding demonstrating that oestrogens are mitogenic in normal and neoplastic mammary tissues. 

Adiposity is also inversely related to testosterone concentrations in men115 but positively related in women.129 

Elevated blood concentrations of androgens have been associated with increased risk of breast cancer in 

women, though experimental evidence is confl icting as animal studies show that androgens actually inhibit 

breast tumour growth.130

Obesity also leads to altered expression profi les of various adipokines and cytokines including leptin, adiponectin, 

interleukin (IL)-6, tumour necrosis factor (TNF)-α and IL-1β.131 The increased levels of leptin and decreased 

adiponectin secretion have been directly associated with cancer development in several studies.131-133 Overall, 

research suggests most adipokines promote cancer cell progression via enhancement of cell proliferation and
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migration, infl ammation and anti-apoptosis pathways, which subsequently can promote cancer metastasis.134 

However, further research and longitudinal studies are needed to defi ne the specifi c independent and additive 

roles of adipokines in cancer progression and reoccurrence.135 

The majority of epidemiologic studies exploring associations between obesity and cancer use BMI as a marker 

of general adiposity or obesity. BMI is a useful tool in both clinical medicine and population health to predict 

health risk related to weight and is easily measured. However, BMI has known limitations. Namely, the inability 

to distinguish between muscle and fat accumulation and it does not refl ect fat distribution.136 Measures of 

central adiposity [e.g. waist circumference (WC) and waist-to-hip ratio (WHR)] have been shown to better 

refl ect abdominal adiposity than BMI and have stronger associations with cardio-metabolic risk factors and 

outcomes.137-140 However, for cancer, results are less clear. Central adiposity, as assessed by WC or WHR, has 

been associated with PM breast cancer in several studies, independent of BMI.141-142 However, a more recent 

review showed that adjustment for BMI attenuated the relationship between WC or WHR and risk of PM breast 

cancer to the null.143 Studies of colorectal cancer show WC and WHR are more strongly associated with cancer 

than BMI in men, but this has not been shown for women.144 Studies of oesophageal,145 endometrial146 and 

pancreatic cancers147 also suggest stronger associations with central adiposity than with BMI. For prostate 

cancer, several large studies have found an increased BMI to be associated with an increased risk for prostate 

cancer, though others have shown no association.148 A Chinese study has shown that men in the highest quartile 

of WHR have a three-fold increased incidence of prostate cancer compared with men in the lowest quartile of 

WHR, but no association was seen for BMI.149 Other studies show that central obesity may play a role only in 

advanced stages of prostate cancer.119 However, an important caveat in all of these aforementioned studies is 

that including separate anthropometric measures in the same model can lead to diffi culties in interpretation 

of results, because of the high degree of co-linearity between the anthropometric variables. To understand if 

central or general adiposity is driving the association with incident cancer, separate models need to be fi tted 

and compared. This is yet to be done.

1.3.2 Hypertension and cancer

Epidemiologic evidence points to the possibility that high BP, or hypertension, is also a signifi cant risk factor 

for cancer. Several prospective studies have demonstrated clearly that hypertension is a risk factor for incident 

cancer,117,150-155 though only few studies have explored associations with cancer mortality and these have 

been inconsistent.154,156,157 In addition, these studies are often hampered by small sample sizes and/or lack of 

information on important confounders, such as smoking habits and obesity.

If we assume a causal relationship between hypertension and cancer, three main hypotheses have been proposed 

to explain the observed associations. First, medications used in the treatment of hypertension may cause cancer 

by directly promoting carcinogenesis, accelerating other carcinogens or impeding defence mechanisms.158 Some 

studies report that anti-hypertensive medication, in particular diuretics, may be associated with an increased 

cancer risk even in those who are normotensive.159,160 The mechanisms underpinning these associations, however, 

are not well understood and continue to be investigated. In addition, a 2011 meta-analysis concluded that diuretics 

or any other single anti-hypertensive medication are not associated with an increased cancer risk, though it cannot
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be ruled out that a combination of anti-hypertensive drugs may confer an increased risk for overall cancer.161 

Second, there may be a common mechanism linking BP regulation and cancer development, independent of 

anti-hypertensive treatment.154 For example, it has been speculated that the association between hypertension 

and cancer may be mediated via abnormalities in vascular smooth muscle cells.162 These abnormalities result 

in increased apoptosis and proliferation as well as a shortened cell cycle and lead to enhanced cell turnover. 

This increased cell turnover becomes the target of degeneration and of neoplasia (cancer).162,163 Third, it is also 

possible that cancer itself may lead to hypertension.117 Earlier work by Rees suggests that tumour cells secrete 

hormones that lead to BP elevation.164 This is supported by elevated adrenocortical hormones found in the 

blood of patients with a variety of cancers.117 Buck et al. also found an elevated cancer incidence among new 

hypertensives, consistent with the hypothesis that certain sites of cancer are capable of producing hormones 

that raise BP.117 Alternatively, the association between hypertension and cancer may be confounded by factors 

such as central obesity, which might not have accurately been adjusted for in previous studies.153 

Most previous studies have recognised that it is diffi cult to disentangle the separate effects of hypertension 

and anti-hypertensive treatment as they are highly correlated.  Other key defi ciencies in previous work include 

small sample sizes and a lack of information on key confounding factors for hypertension and cancer. 

Disentangling these associations has important clinical implications for the pharmacological management of 

people with hypertension. If anti-hypertensive medication is indeed found to be causally linked with cancer, 

a review of current guidelines for the use of anti-hypertensive medication, even in light of their known CVD 

benefi ts, may be warranted. 

1.4 Thesis Aims

Against this backdrop of evidence and current knowledge gaps, this thesis specifi cally aims to address the 

following:

i. To examine secular trends in excess all-cause and cause-specifi c mortality in people with type 1 and type 

2 diabetes compared with the general population, overall and by age group

ii. To quantify associations of type 1 and type 2 diabetes with cancer

iii. To quantify associations of the MetS and individual components of the MetS with cancer

To adequately address these questions, prospective, population-based studies with high quality databases and 

long follow-up time are needed. Understanding the epidemiologic links between metabolic disease and cancer 

and determining the mechanisms through which these conditions are linked is a research priority in order to 

prevent and treat cancers that are more likely to occur in those with diabetes and/or the MetS.
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CHAPTER 2

Data Sources

Publications included in this thesis pertain to results derived from analyses conducted using four national 

data sources: the National Diabetes Service Scheme (NDSS); the Australian and New Zealand Diabetes and 

Cancer Collaboration (ANZDCC); the National Death Index (NDI); and the Australian Cancer Database (ACD). 

The NDSS is a large-scale administrative database of Australians with diagnosed diabetes and the ANZDCC 

is a large pooled cohort comprised of 18 population-based cohort studies within Australia and New Zealand 

(ANZ).  Both the NDSS and ANZDCC cohorts were linked to the ACD and the NDI to obtain incident cancer 

and mortality outcomes, respectively. One NZ study included in the ANZDCC was linked to the respective NZ 

cancer and mortality registries but will not be discussed in detail. All data received by the Clinical Diabetes and 

Epidemiology unit at the Baker IDI Heart and Diabetes Institute was de-identifi ed. A summary of these data 

sources is provided below. 

2.1 The National Diabetes Service Scheme

The NDSS is an Australian government initiative established in 1987 and administered by Diabetes Australia. The 

NDSS delivers education and information services to people with diabetes. It also provides a range of diabetes 

products, such as glucose testing strips and insulin syringes, at a subsidised cost.1 Registration is free and open 

to all Australians with diagnosed diabetes. Registration onto the NDSS, including specifi cation of diabetes 

type, must be certifi ed by a registered medical practitioner, or by a credentialed diabetes educator. NDSS 

registrants include those with diagnosed type 1, type 2, gestational diabetes, or diabetes caused by a genetic 

defect, pancreatic disease, hormonal abnormality or exposure to certain drugs and chemicals. Diagnoses of 

pre-diabetes or impaired glucose tolerance are not included on the registry.1 

For the studies outlined in this thesis, over one million individuals with a diagnosis of type 1 or type 2 diabetes 

registered on the NDSS between 1997 and 2011 were included. However, due to migration from the terms 

insulin (IDDM) and non-insulin dependent diabetes (NDDM) to type 1 or type 2 during this time period, there 

is some misclassifi cation of diabetes type. Therefore, for this thesis, type 1 diabetes status was assigned to 

registrants who were recorded as type 1 on the NDSS registry, were diagnosed <45 years of age and were 

taking insulin. Registration date was used as a proxy for diagnosis date as a large proportion of registrants 

(54.4% type 1 and 32.8% type 2) were missing date of diagnosis, many of whom registered in the early years 

of the operation of the NDSS and had had diabetes for a number of years. We chose 45 years as the cut-off 

to minimise the number of people with type 1 diabetes that we would miss, without misclassifying signifi cant 

numbers of people with type 2 as type 1.2 Additionally, registrants who were recorded as type 2 on the registry, 

were diagnosed before the age of 30 and taking insulin within one year of diagnosis date were reclassifi ed as 

type 1 diabetes. All others were classifi ed as type 2 diabetes.
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There are several inherent strengths and limitations in using administrative databases such as the NDSS for 

research purposes. These have been discussed briefl y in Chapters 3.1, 3.2, 4 and in detail in Chapter 7.2 Strengths 

and Limitations. 

2.2 The Australian and New Zealand Diabetes and Cancer Collaboration (ANZDCC)

The ANZDCC is a pooled cohort comprised of all longitudinal cohorts in Australia and New Zealand (ANZ) from 

1983 onwards with information on diabetes, hypertension, anthropometry and the metabolic syndrome (MetS) 

and with a sample size ≥1000. This pooled cohort is the largest study to ever examine the relationship between 

diabetes, hypertension, anthropometry, the MetS and cancer with individual-level data. It includes 153,025 

men and women from a population-based sample of ANZ adults. 

The purpose of the ANZDCC, the study sample and the strengths and weaknesses of this pooled cohort have 

been detailed in the following publication, included at the end of this chapter:

Harding JL, Shaw JE, Koshkina V, Magliano DJ. Cohort profi le: The Australian and New Zealand Diabetes and 

Cancer Collaboration (ANZDCC). Australasian Epidemiologist 2014; 21(2):51-7 

Additional discussion on the key strengths and limitations of this data source has also been provided in Chapters 

5, 6.1, 6.2 and in detail in Chapter 7.2 Strengths and Limitations. 

2.3 National Death Index

The NDI is a database, housed at the Australian Institute of Health and Welfare (AIHW), which contains records 

of all deaths occurring in Australia since 1980. The data is obtained from the Registrars of Births, Deaths and 

Marriages in each State and Territory.

The NDI database comprises the following variables for each deceased person: name, date of birth, age at 

death, sex, date of death, State/Territory of death registration. Cause of death information is coded according 

to the International Classifi cation of Disease coding 10th Revision (ICD-10) and includes the underlying cause 

of death (the disease or injury that initiated the events resulting in death) and all other contributory causes 

of death specifi ed according to whether they appear in Part I (events leading to fi nal death event with Part IA 

referring to the fi nal disease or condition resulting in death) or Part II (all other conditions contributing to death 

but not resulting in the underlying cause given in Part I) of the death certifi cate. 
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2.4 Australian Cancer Database 

The ACD, also housed at AIHW, is a data collection of all primary, malignant cancers diagnosed in Australia 

since 1982. It is a statutory requirement to notify the registry of all cases of malignant neoplasms. Only the 

fi rst occurrence of a cancer is included; recurrences and metastases are not included.  Tumours diagnosed 

as benign, of borderline malignancy or in situ are also not included. In addition, basal cell carcinomas and 

squamous cell carcinomas of the skin are not included because they are not notifi able diseases.  

2.5 Data Linkage 

The NDSS and Australian participants of the ANZDCC cohort were linked to the NDI and ACD databases. This 

data was linked from 1997 and 1983 for the NDSS and ANZDCC, respectively, up until 2011. This linkage was 

conducted by AIHW using the general framework of Fellegi and Sunter.3 Linkage of the Fremantle Diabetes 

Study (FDS), a cohort of people with diabetes included in the ANZDCC cohort, was linked by the Western 

Australian Data linkage unit using similar methodology. First name, second name, third name, sex and date of 

birth were used to conduct the linkage. 

The record linkage methodology assigns each compared pair of records a record pair comparison weight. For 

results derived from NDSS data, we set a match link rate of 98.1% (true matches/correct links) with link accuracy 

of 98.2% (1.8% expected to be false positive links). For results derived from ANZDCC data, we set a match link 

rate of 97.70% with link accuracy of 97.92% (2.08% expected to be false positive links).4 NZ participants of the 

ANZDCC cohort, those from the Fletcher Challenge Study, were linked to the NZ Cancer Registry and mortality 

database using National Health Index numbers, unique identifi ers assigned to every person who uses health 

and disability support services in New Zealand.
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Abstract
There is now a wealth of data supporting a link between 

diabetes, and obesity, with cancer. While the data strongly 

suggests an association, there is less clarity about site-

specific cancers. This is often due to limitations in sample 

size. Additionally, many studies do not consider important 

confounding variables such as central adiposity, smoking, 

and physical activity. In 2010, we initiated the Australian 

New Zealand Diabetes and Cancer Collaboration (ANZDCC) 

in order to create a large pooled cohort to investigate factors 

of diabetes, pre-diabetes, obesity, metabolic syndrome, and 

hypertension, with cancer risk. We included all longitudinal 

cohorts in Australia and New Zealand from 1983 onwards 

with information on diabetes, hypertension, anthropometry, 

and with a sample size ≥1000. These baseline data 

(n=153,025) were linked to the national cancer and mortality 

registries to obtain longitudinal follow-up of cancer and 

mortality outcomes for all participants in the pooled cohort. 

This study will provide insights into the potential 

mechanisms of cancer; allow a better and fuller assessment 

of the likely burden and consequences of diabetes and 

obesity; and in the Australia/New Zealand context, inform 

clinical practice about the appropriate care of patients with 

diabetes and obesity.

How did the study come about?
In 2013, an estimated 382 million people had diabetes 

worldwide, and this number is expected to increase to 592 

million by 2030 as a result of population growth, unhealthy 

diets and sedentary lifestyles.1 In Australia, approximately 

one million people were living with diabetes in 2011–122, 

with an annual cost of approximately $6 billion.3 For obesity, 

the figures are equally alarming: in 2011–12, the prevalence 

of overweight and obesity for adults aged 18 and over was 

62.8%2, with the total direct cost estimated at $21 billion 

(2005).4 Both diabetes and obesity are associated with 

significant morbidity and mortality from several chronic 

illnesses, including cardiovascular diseases (CVD), eye 

disease, neuropathy, lower limb amputations, and chronic 

kidney disease. There is also now a large body of 

epidemiological evidence to show that diabetes5, and 

obesity6, along with the metabolic syndrome (MetS)7 and 

hypertension8, are associated with cancer.

There is a wealth of data supporting a link of diabetes with 

cancer, especially in westernised populations. This evidence 

is derived from meta-analyses and pooling projects from 

various part of the world. While the data strongly suggests 

a link, there is less clarity around particular site-specific 

cancer. The key deficiencies are that not all studies include 

an assessment of important confounding variables such as 

physical activity, waist circumference (WC) or hip 

circumference (HC), which are key confounding factors for 

diabetes, pre-diabetes, and cancer. To date there are few data 

on diabetes, pre-diabetes, obesity, MetS, hypertension, and 

cancer in Australia and New Zealand.

In 2010, we initiated the Australian New Zealand Diabetes 

and Cancer Collaboration (ANZDCC) in order to create a 

large pooled cohort to investigate factors of diabetes, obesity, 

MetS, and hypertension, with cancer risk. We included all 

longitudinal cohorts from 1983 onwards with information 

on diabetes, hypertension, anthropometry, and with a sample 

size ≥1000, in Australia/New Zealand. These baseline data 

were linked to the national cancer and mortality registries 

to obtain longitudinal follow-up of cancer and mortality 

outcomes for all participants in the pooled cohort.

The coordinating centre for this project is at the Department 

of Clinical Diabetes and Epidemiology, Baker IDI Heart and 

Diabetes Institute, Melbourne, Australia. The ANZDCC 

project was approved by the Alfred Health Human Research 

Ethics Committee (HREC), the Australian Institute for Health 

and Welfare (AIHW) HREC, and all state and territory cancer 

registry HRECs.

The purpose of ANZDCC
To determine whether diabetes, pre-diabetes, obesity, MetS, 

and/or hypertension are associated with an increased risk of 

all cause and site specific cancer in Australia/New Zealand 

populations, after adjusting for potential confounding factors.
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Figure 1. Map with location of sub-cohorts included 

in the ANZDCC
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Who is in the sample?
The distribution of studies across Australia/New Zealand is 

shown in Figure 1. The individual studies and their recruitment 

methods are detailed below. In total, the pooled ANZDCC 

includes 153,025 participants across Australia and New 

Zealand. All participants self-completed questionnaires 

and underwent clinical assessment, including measured 

anthropometry (excluding one study which was self-reported). 

The questionnaires included information pertaining to lifestyle 

factors and various topics of specific interest for each study. 

Available data for key variables differed by study (Table 1). 

Where required, variables were harmonised to reflect 

consistent categories across studies. Diet intake was also 

collected, but only in a subset of the studies.

Australian Longitudinal Study of Ageing (ALSA)
ALSA is a longitudinal study aimed at ‘identifying factors that 

contribute to, and predict, the health and social well-being of 

older Australians’.9 Participants aged 70 years and over were 

randomly selected from the State Electoral Database, which 

includes all residents over 18-years-old, in the Adelaide, South 

Australia Statistical Division. Spouses (aged 65 and over) or 

co-residents (aged 70 and over) were also invited to participate.9 

A total sample of 2,705 individuals drawn from the electoral 

roll (registration to vote is compulsory for adults in Australia) 

were eligible for inclusion in the study, of which 1,477 agreed 

Table 1. Baseline observations and data coverage of ANZDCC cohorts

Variable ALSA ALSWH ANBP2 AUSDIAB BMES CUDS DUBBO FLETCHER FDS

Year of baseline 

examination 
1992–93 1996 1995–98 1999–2000 1992–93 2001–02 1988–89 1992–93 1993–96

Men 1,056 0 2,910 5034 2,101 635 1,233 7,581 708

Women 1,031 26,096 3,084 6171 2,719 819 1,572 2,944 715

All 2,087 26,096 5994 11,205 4,820 1,454 2,805 10,525 1423

Age range 65 – 103 43 – 76 65 – 85 25 – 95 49 – 97 25 – 96 60 – 98 16 – 18 11 – 97

Age (mean±SD) 78.7 ± 6.7 59.4 ± 12.6 72.8±4.9 51.5 ± 14.5 64.9 ± 9.7 52.9 ± 15.6 69.2 ± 7.0 43.6 ± 15.1 62.1 ± 13.3

Ascertainment 

of DM status
SR & TRT SR SR & TRT

FPG, 
HbA1C, 
SR & TRT

FPG, SR 
& TRT

FPG, SR 
& TRT

SR & FPG SR & TRT 
SR, FPG 
& HbA1C

Diabetes (n (%)) 182 (8.8) 1,509 (5.8) 292 (4.9) 675 (6.0) 327 (7.6) 106 (7.3) 172 (6.2) 223 (2.1) 1,423 (100)

Body Mass Index 

(mean±SD)
26.0±4.1 25.6±4.8 27.1±4.2 27.0±5.0 26.7±4.8 27.9±5.2 26.0±4.3 26.4±4.2 29.3±5.5

Waist circumference (mean±SD)

Men 96.8±9.8 N/A 100±10.1 97.6±11.5 No data 101±11.6 No data No data 98.9±13.2

Women 86.6±11.4 89.7±13.9 89.4±11.3 85.5±13.5 No data 89.5±13.9 No data No data 98.8±13.2

Hip circumference (mean±SD)

Men 102.6±7.5 N/A 105.3±7.8 104.3±7.7 No data 106.5±8.0 No data No data 109.3±11.6

Women 103.0±10.3 No data 105.6±10.4 105.3±11.6 No data 107.8±12.5 No data No data 109.2±11.6

Current smoker (%) 7.5 13.2 7.1 15.8 14.9 17.9 15.4 23.6 16.0

Physical  activity 

(% sufficient)
2.1 41.8 47.5 52.1 36.4 2.9 48.6 72.9 No data

Blood Pressure (mean±SD)

Systolic 148.8±23.4 No data 157.7±18.1 129.4±18.9 144.6±21.4 131.8±22.4 147.5±24.3 12.5.9±16.9 149±24.0

Diastolic 76.5±12.4 No data 85.8±10.0 70.1±11.8 83.8±10.5 72.2±10.1 79.1±12.1 76.8±11.0 80.0±11.2

Cholesterol (mean±SD)

HDL 1.3±0.4 No data 1.4±0.5 1.4±0.4 1.4±0.4 1.4±0.4 1.3±0.4 No data 1.1±0.3

LDL 4.3±1.1 No data No data 4.0±1.0 4.24.0±1.0 3.6±0.9 4.9±1.2 No data 3.4±0.9

Triglycerides (mean±SD) 1.6±1.00 No data No data 1.6±1.1 1.7±1.1 1.5±1.1 1.8±1.2 No data 2.3±2.6

SR: self-report; TRT: diabetes treatment; FPG: fasting plasma glucose; HbA1C: glycated haemoglobin A1C; ALSA: Australian Longitudinal 
Study of Aging; ALSHW: Australian Longitudinal Study on Women’s Health; ANBP2: The Second Australian National Blood Pressure Study; 
AusDiab: Australian Diabetes, Obesity and Lifestyle Study; BMES: Blue Mountains Eye Study; CUDS: Crossroads Undiagnosed Disease Study; 
DUBBO: Dubbo Study of the Elderly; Fletcher:  Fletcher Challenge – University of Auckland Heart and Health Study; FDS: Fremantle Diabetes Study
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to participate. A further 879 spouses were identified as 

eligible for inclusion in the study, of whom 597 were 

recruited. A total of 2,087 persons participated giving 

response rates of 55% for primary subjects, and 68% for 

identified spouses and other household members.9

Australian Longitudinal Study on Women’s 
Health (ALSWH)
This is a longitudinal study of factors that affect the health 

and well-being of more than 40,000 women across Australia.10 

Three national cohorts of women born in 1973–78 (young); 

1946–51 (middle-age); and 1921–26 (older) were randomly 

selected in 1996 from the Medicare health insurance 

database, with overrepresentation of women living in rural 

and remote areas. After adjustment for those known to be 

non-contactable or ineligible, response rates were 41.0%, 

53.5%, and 35.5% for the young, mid-age, and older cohorts 

respectively.11 For this study, we only included the middle-

age and older cohorts (n=26,147), as it is unlikely that the 

young cohort would have had enough follow-up time for the 

development of cancer.

The Second Australian National Blood Pressure 
Study (ANBP2)
The ANBP2 was a comparative outcome trial, using a 

prospective, randomised, open-label design, with blinded 

assessments of end points.12 The primary objective was 

to determine, in hypertensive subjects aged 65–84 years, 

whether there is any difference in cardiovascular events 

(non-fatal and fatal) over five years between two treatment 

regimens: angiotensin-converting enzyme (ACE) inhibitor 

and diuretic treatment. Specific inclusion and exclusion 

criteria are listed elsewhere.12 The study was conducted at 

1,594 family medical practices throughout Australia. A total 

of 54,288 subjects presented for the initial screening visit. 

Of these, 48,205 were either ineligible for the study, or did not 

agree to participate. 6,083 subjects (95% of whom were white) 

were subsequently randomly assigned over a three-year 

period to the ACE-inhibitor group (3,044 subjects) or the 

diuretic group (3,039 subjects).12

Table 1 continued. Baseline observations and data coverage of ANZDCC cohorts

Variable GOS HIMS LIPID MCCS NEWCASTLE NWAHS PATH RFP Total

Year of baseline 

examination 

1993–97; 
2001–06

1996–98 1990–92 1991–94
1983; 1988–89; 
1994

1999–2000; 
2002–03

1999–
2002

1989 & 
1994

1983–2006

Men 1,534 12,119 7,498 17,045 2,954 1924 3360 1902 69,594

Women 1,721 0 1,516 24,469 2,980 2110 3558 1926 83,431

All 3,255 12,119 9,014 41,514 5,934 4034 6918 3828 153,025

Age range 19 – 96 65 – 80 31 – 75 27 – 76 21 – 77 17 – 90 20 – 66 20 – 70 11 – 104

Age (mean±SD) 52.9 ± 20.4 71.6 ± 4.3 61.5 ±  8.4 55.3 ± 8.7 51.7 ± 10.5 50.2 ± 16.4 43.9 ± 16.1 46.0 ± 13.6 57.1 ± 14.1

Ascertainment 

of DM status

SR, FPG & 
TRT

SR & TRT
SR, FPG & 
TRT

SR, FPG & 
TRT

SR SR & FPG SR & TRT SR
SR, FPG, 
TRT & 
HbA1C

Diabetes (n (%)) 169 (5.2) 1,444 (11.9) 820 (9.1) 2,335 (5.6) 122 (3.5) 206 (5.1) 245 (3.6) 129 (3.4) 10,379 (6.9)

Body Mass Index 

(mean±SD)
26.8±5.0 26.9±3.7 26.8±3.8 26.9±4.4 26.7±4.5 27.8±5.5 25.7±5.1 27.5±5.2 26.6±4.6

Waist circumference (mean±SD)

Men 97.2±11.4 100.6±10.4 No data 93.5±10.0 No data 99.9±13.0 No data 92.9±10.9 97.0±11.1

Women 84.5±12.9 N/A No data 80.0±11.8 No data 89.8±14.1 No data 79.5±11.6 84.0±13.4

Hip circumference (mean±SD)

Men 100.6±8.9 103.2±7.2 No data 101.1±7.1 104.0±7.4 105.7±9.3 No data 102.6±7.0 102.9±7.7

Women 105.0±11.7 N/A No data 101.6±10.0 105.0±11.5 107.2±12.9 No data 103.3±10.1 103.3±10.9

Current smoker (%) 16.0 11.0 9.6 11.3 23.0 22.2 19.3 21.0 14.2

Physical  activity 

(% sufficient)
No data 21.8 No data 26.4 No data 35.2 85.2 58.4 38.4

Blood Pressure (mean±SD)

Systolic 129.2±21.1 157.1 ±21.2 134.1±19.1 137.0±19.2 132.4±19.7 127.8±18.5 128.8±19.1 129.3±21.3 137.4±21.9

Diastolic 78.2±12.4 89.9±11.7 80.5±10.8 76.3±11.7 80.2±11.0 80.6±10.2 79.3±10.8 78.2±12.1 78.8±12.4

Cholesterol (mean±SD)

HDL No data No data 1.0±0.2 1.4±0.4 1.3±0.4 1.4±0.4 No data 1.3±0.4 1.3±0.4

LDL No data No data 4.4±0.8 4.0±1.1 No data 3.6±1.0 No data 4.0±1.1 4.1±1.0

Triglycerides (mean±SD) No data No data 1.8±0.9 1.3±0.8 No data 1.5±1.0 No data 1.3±1.0 1.6±1.1

SR: self-report; TRT: diabetes treatment; FPG: fasting plasma glucose; HbA1C: glycated haemoglobin A1C; #: data could not be harmonised;  
GOS: Geelong Osteoporosis Study; HIMS: Health in Men Study; LIPID:  Long-Term Intervention with Pravastatin in Ischaemic Disease; 
MCCS: Melbourne Collaborative Cohort Study; NEWCASTLE: Newcastle MONICA; NWAHS:  North West Adelaide Health Study; 
PATH:  Personality and Total Health Through Life Project; RFP:  Perth Risk Factor Prevalence Cohort Studies
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Australian Diabetes, Obesity, and Lifestyle 
Study (AusDiab)
The AusDiab study is a population-based cross-sectional 

survey of national diabetes prevalence and associated risk 

factors in people aged ≥25 years across Australia.13 A stratified 

cluster sample method was used involving seven strata (six 

states and the Northern Territory), and clusters based on census 

collector districts (the smallest geographic unit defined by 

the Australian Bureau of Statistics, with an average of 225 

dwellings in each). In total, 25,984 households across 42 

clusters were approached, of which 17,129 households were 

confirmed as containing at least one eligible participant and 

20,347 eligible participants were interviewed. Of those who 

participated in the household interview, 11,247 (response rate: 

55.3%) additionally took part in the biomedical examination.13

Blue Mountains Eye Study (BMES)
BMES is a population-based study of vision designed to 

assess the prevalence of visual impairment, and blindness, 

and their causes and risk factors, in a representative urban, 

Australian population of men and women aged 50 years 

and older.14 Two urban postcode areas in the Blue Mountains 

area (west of Sydney, in New South Wales) were selected 

as the target population. This region has a slightly older age 

distribution than that for Australia, and is geographically 

well-defined, enhancing potential for community support 

and publicity for the study. Of 4,433 eligible residents, 3,654 

(82.4%) participated in the examinations, of which 97% were 

white.14 After five years, a repeat door-to-door census of 

the same area conducted in 1999 identified 1,378 additional 

eligible permanent residents who had moved into the area or 

were now aged 50 years or older. Of these, 1,174 (85.2%) were 

examined in 1999-2000.15 In total, the BMES sample included 

in the ANZDCC cohort is 4,828.

Crossroads Undiagnosed Disease Study (CUDS)
CUDS was established to ‘compare the prevalence of various 

chronic diseases in rural Victoria, where access to general 

practice is known to be low’.16 Households were randomly 

selected from residential address lists in one regional centre 

(Shepparton-Mooroopna) and six surrounding ‘Shire capitals’ 

in the Goulburn Valley. Households were visited between 

June 2001 and March 2003 until a response was received(16). 

All residents’ aged ≥25 years who completed a household 

census were invited to participate in the CUDS with an initial 

response rate of 70.3%. Among these, 61.3% (n=1,454) attended 

a clinic to collect biomedical measurements.16

Dubbo Study of the Elderly (DUBBO)
Given Australia’s ageing population, DUBBO was established 

to ‘identify predictors of mortality, hospitalisation, and 

placement in long-term care facilities, and to study risk factors 

for chronic disease and disability in the elderly’.17 Dubbo, 

in New South Wales, was chosen as the study site because 

it has a relatively small, stable population which is relatively 

younger than Australia as a whole, with the proportion of 

adults older than 60 years lower than the national average. 

Identification of non-institutionalised subjects 60 years and 

over (born before 1 January 1930) was via confidential 

examinations of records from 21 general practitioners in the 

Dubbo area. 3,860 eligible subjects were identified, of whom 

2,805 agreed to participate, giving a response rate of 72.7%.17

Fletcher Challenge – University of Auckland Heart 
and Health Study (FLETCHER)
FLETCHER is a prospective observational study designed to 

‘determine the relationships of socio-demographic factors, 

psychological factors, and several factors measured in blood, 

with the risk of coronary heart disease in a New Zealand 

population’.18 Participants were recruited from two sources; 

employees of the Fletcher Challenge Group’s New Zealand 

operation, and individuals listed on the general electoral roll of 

the Auckland metropolitan region. A total of 14,118 individuals 

were invited to participate, and 10,529 were enrolled (8,011 

from Fletcher Challenge, and 2,518 from the electoral roll), 

yielding a response rate of 74.6%. Overall, 72% of the study 

sample were men (80% among Fletcher Challenge 

participants) and 15% identified as Māori or Pacific Islanders.18

Fremantle Diabetes Study (FDS)
The FDS is a longitudinal, community-based, observational 

study of people with known diabetes from an urban 

postcode-defined population in Fremantle, Western 

Australia.19 The study consists of two phases, of which data 

from Phase I is included in the ANZDCC cohort. The aim of 

FDS Phase I was to identify all people with known diabetes 

and examine clinically relevant aspects of diabetes, such as 

clinical management, metabolic control, complications, and 

cost.19 In total, 2,258 people with diabetes were identified 

between April 1993 and July 1996 from the Fremantle 

Hospital clinic and inpatient lists, local physician referrals, 

allied health facilities, pharmacies, opticians, advertising in 

local media and word of mouth. Of these, 1,426 (90.7% type 

2 diabetes) were recruited into the study.19

Geelong Osteoporosis Study (GOS)
The Geelong Osteoporosis Study (GOS) began as a 

population-based study designed to investigate the 

epidemiology of osteoporosis in Australia.20 Initially the 

GOS comprised only women; men were recruited later. 

Participants were recruited from the Barwon Statistical 

Division, situated in southeastern Australia. Individuals were 

selected at random from the electoral roll using an age-

stratified sampling method to ensure at least 100 women and 

100 men in each five-year age group from 20 to 69 years, and 

200 of each sex for age groups 70–79 and 80+. During the 

years 1993–97, 2,390 women were invited to participate, of 

which 1,494 (77%) were eligible and agreed to participate. A new 

sample of 246 women listed as aged 20–29 years on the 2005 

electoral roll were recruited in 2006–08, giving a total sample 

of 1,740 women. During the years 2001–06, 3,273 men were 

invited to participate, of which 1,540 (67%) were eligible and 

agreed to participate.20
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Health in Men Study (HIMS)
The HIMS study arose out of a population-based randomised 

trial of screening for abdominal aortic aneurysms (AAAs) 

conducted in Perth, Western Australia in 1996–99.21 Only 

men aged 65 years and over were recruited into the trial as 

AAAs are uncommon below this age and are six times more 

common in men than women. The aim of the trial was to 

assess whether screening reduced mortality from AAA. 

Secondary outcomes included assessments of the impact of 

screening on all-cause mortality and quality of life, and a 

study of the rates of expansion of screen-detected AAAs. After 

exclusion of 2,296 men dying prior to invitation, 19,352 men 

were invited and 12,203 (63.1%) attended baseline screening.21

Long-Term Intervention with Pravastatin in 
Ischaemic Disease (LIPID)
LIPID was a multicentre double-blind randomised 

placebo-controlled trial comparing the effects of pravastatin, 

a cholesterol-lowering drug, with placebo, given for up to five 

years.22 The primary objective of this trial was to compare 

coronary heart disease mortality in the two treatment arms, 

with secondary endpoints including total mortality, incidence 

of acute myocardial infarction, total hospitalisation, serum 

lipid fractions, and relationship of changes in these outcomes 

to changes in coronary mortality. Participants were aged 

31–75 years at baseline with total cholesterol levels of 4.0 to 

7.0mmol/L and with a history of acute myocardial infarction, 

or hospitalisation for unstable angina pectoris within the 

preceding three months to three years. From April 1990 to 

September 1992, 11,106 patients were registered. Following 

the run-in phase and after exclusions, 9,014 were 

randomised (5,958 from Australia; 3,056 from New Zealand) 

from a total of 87 centres.22

Melbourne Collaborative Cohort Study (MCCS)
The MCCS is a prospective cohort study of 41,528 participants, 

ages 27 to 75 years at recruitment from 1990 to 1994 (almost 

all were ages 40–69 years), and includes 5,425 migrants from 

Italy and 4,535 from Greece.23 Southern Europeans (born in 

Italy or Greece) were deliberately over-sampled to increase 

the variety of dietary intake and genetic variability.23 Subjects 

were recruited via electoral rolls advertisements, and 

community announcements in local media (e.g. television, 

radio, and newspapers). Comprehensive lists of Italian and 

Greek surnames were also used to target southern European 

migrants listed in the phone books and on electoral rolls.

Newcastle MONICA
The MONICA Project was a World Health Organization study 

MONitoring trends and determinants of CArdiovascular 

disease.24 Thirty-two MONICA Collaborating Centres from 21 

countries were involved in the study from the mid-1980s to 

the mid-1990s. Australia participated in the Project with two 

centres, one in Newcastle, New South Wales, the other in 

Perth, Western Australia.25 The population for the MONICA 

project in Newcastle was residents aged 25 to 69 years from 

five local government areas of Newcastle, Lake Macquarie, 

Port Stephens, Maitland, and Cessnock. Participants were 

randomly selected from the electoral roll. Three cross-

sectional surveys of risk factors were conducted during the 

study period, the first in 1983 (n=2,464), the second in 1988 

and 1989 (n=1,067), and the third in 1994 (n=1,675) giving 

a total sample of 5,934.25

North West Adelaide Health Study (NWAHS)
The NWAHS was formulated in 1997 in response to a lack of 

longitudinal biomedical data on chronic conditions in South 

Australia.26 The main aim of this study was to collect 

measured information on diabetes, asthma, and chronic 

obstructive pulmonary disease, and health related risk 

factors. All non-institutionalised households in the northern 

and western areas of Adelaide with a telephone connected 

and a telephone number listed in the electronic white pages 

were eligible for selection. Within each household, the 

person who had their birthday last and was aged 18 years 

or over was selected for interview and invited to attend the 

clinic for a biomedical examination. Of the initial sample 

of 10,096, 8,213 (81.3%) were eligible. Of these, 4,060 were 

interviewed and agreed to attend the clinic (2,523 were 

recruited from December 1999 to December 2000; 1,537 were 

recruited from August 2002 to July 2003), yielding an overall 

response rate of 49.4%.26

Personality and Total Health (PATH) Through 
Life Project
The PATH project was established in 1999 to ‘explore factors 

influencing the development of, and recovery from mental 

disorders over the adult age span’(27). PATH is based on three 

cohorts (birth years: 1975–79, 1956–60, and 1937–41). At the 

start of the study, these cohorts were aged 20–24 years, 40–44 

years, and 60–64 years, respectively. The sample for this 

study was drawn from the electoral rolls of the three federal 

electorates that makeup the Australian Capital Territory, and 

the electoral containing Queanbeyan, a neighbouring town 

in the adjoining state of New South Wales. Participation 

numbers and response rates from the random sampling are 

as follows: 20–24years: n=2,404; 58.6%, 40–44 years: n=2,530; 

64.6%, 60–64 years: 2,551; 58.3%, giving a total sample size 

of 7,485.27

Perth Risk Factor Prevalence Cohort Studies
A series of five standardised population surveys of coronary 

risk factors were conducted in Perth (1980, 1983, 1989, 1994, 

1999) sponsored either by the National Heart Foundation of 

Australia, or by the Perth MONICA (Multinational MONItoring 

of trends and determinants in Cardiovascular disease) 

Project.28,29 The 1989 (n=1,966, response rate 74%) and 1994 

(n=1,907), response rate 73%) surveys included adults aged 

20–69 years randomly selected from the electoral roll living 

within the Perth metropolitan area. Detailed descriptions of 

the methods have been given elsewhere.28,30
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Outcome ascertainment
Australian participants of the pooled cohort were linked 

to the Australian Cancer Database (ACD) and the National 

Death Index (NDI) up to and including 31 August 2011. This 

provided follow-up of cancer and mortality endpoints for all 

participants. These registries are maintained by AIHW with 

100% capture of all cancers from 1982 onwards.31 Tumours 

diagnosed as benign, of borderline malignancy, or in situ 

were not included.

Linkage to the ACD and NDI used the general framework 

of Fellegi and Sunter32 using first name, second name, last 

name, gender, and date of birth to conduct the linkage. This 

record linkage methodology assigns each compared pair of 

records a record pair comparison weight. Based on clerical 

review of a sample of these links, it is expected that links with 

a weighting of ‘low’, ‘medium’ and ‘high’ correspond to a link 

accuracy (positive predictive value) of 96.75%, 98.97% and 

99.90%, respectively. A total of 351 pairs of duplicates were 

identified during the linkage process whereby individuals 

had participated in more than one study. One of each pair 

of duplicates was chosen at random and maintained in the 

cohort. Additionally, 593 participants across the original 

cohorts were lost to follow-up, were missing information 

on key identifiable variables, or did not consent to participate 

in future studies, and were subsequently not linked.

New Zealand participants of the pooled cohort were linked 

to the NZ Cancer Registry and mortality database using 

National Health Index numbers, unique identifiers assigned 

to every person who uses health and disability support 

services in New Zealand. All recorded cancers and deaths 

are coded according to the International Classification of 

Diseases Tenth revision (ICD-10), and were recoded from 

ICD-9 to ICD-10 where appropriate.

Strengths and weaknesses
The key strength of this study that distinguish it from 

previous work is that it will be the largest study to ever 

examine the relationship between diabetes, obesity, MetS, 

hypertension, and cancer. We have individual unit record 

data available from all significantly large studies in Australian 

and New Zealand populations, with adequate follow-up time. 

The 18 cohort studies have breadth in the range of variables 

collected, not seen in any other pooled cancer studies, 

thus allowing adjustment for confounding factors such as 

physical activity and smoking. Lastly, the use of high-quality 

national registers for follow-up of subjects is an additional 

strength. Limitations of the project are a lack of detailed data 

on tumour characteristics and cancer treatment, and that 

measurements of risk factors differ between cohorts.

Significance
Diabetes, obesity and cancer, are growing epidemics 

in both developed and developing countries, and therefore 

understanding the full range of their consequences is of 

increasing importance. Should this study show that diabetes 

and central (rather than total) obesity are risk factors for the 

development of certain cancers, it will: provide insights into 

the potential mechanisms of cancer; allow a better and fuller 

assessment of the likely burden and consequences of 

diabetes and obesity; in the Australian and New Zealand 

context inform clinical practice about the appropriate care 

of patients with diabetes and obesity; provide evidence to 

suggest that cancer screening should be added to the micro 

and macro-vascular complications of diabetes for which 

diabetic patients currently undergo annual screening; and 

add further weight to the need for lifestyle modification 

programs to prevent obesity, type 2 diabetes, metabolic 

syndrome and hypertension.

Where can I find out more?
Further information about cohorts in ANZDCC can be found 

in the reference list.
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CHAPTER 3

Contemporary Trends in Mortality Among People with Diabetes 

Diabetes increases mortality, with evidence suggesting that this excess risk is mainly attributable to 

cardiovascular disease (CVD). However, patterns of mortality may be changing. Marked declines in mortality 

among the general population, primarily from CVD, have been noted in the past four decades, with some 

evidence that mortality in type 2 diabetes may be approaching that of the general population, particularly at 

older ages. However, little is known about the extent to which mortality from different causes of death (COD) in 

people with diabetes have changed over time, or which age groups have primarily been affected. 

The following Chapter explores contemporary total and cause-specifi c mortality patterns among people with 

type 1 and type 2 diabetes.

Chapter 3.1 examines secular trends in excess all-cause mortality rates in type 1 and type 2 diabetes compared 

with the general population in Australia and assesses the change in the proportion of cause-specifi c deaths 

over time. Key fi ndings include a decrease in all-cause mortality rates among both type 1 and type 2 diabetes 

and a narrowing of the mortality gap between people with diabetes and the general population. However, 

there is still a 3 and 1.2 relative excess risk for all-cause mortality in people with type 1 and type 2 diabetes, 

respectively, compared with the general population. This chapter also reports a shift in the distribution of COD 

among people with diabetes: the proportion of deaths from CVD has decreased over time and consequently, the 

proportion of deaths attributed to cancer has increased. Last, this Chapter also reports that a large proportion 

of CVD deaths are potentially underestimated using standard underlying COD coding methods and this has 

direct implications for the interpretation of CVD mortality among people with diabetes. 

This work was published in Diabetes Care in June 2014. An erratum to this work was published thereafter 

and this is also included at the end of this chapter. In addition, a comment on limitations of using death 

certifi cate data in diabetes was published in the New England Journal of Medicine (NEJM), 2015, Appendix 

2. This commentary was written in response to a paper that was published in the NEJM by Lind et al. entitled 

‘Glycaemic control and excess mortality in type 1 diabetes’. Here, myself and co-authors highlight that Lind et 

al. may not have adequately captured the true burden of deaths due to CVD as their categorisation of deaths 

was based on the underlying COD only. 

Chapter 3.2 builds upon this work by exploring mortality rates of cause-specifi c death over time, by age 

group. Examining age-specifi c trends in mortality identifi es which age groups are driving observed changes 

in mortality. This is important data to inform government to prioritise where prevention and treatment efforts 

are most needed. This original research article was accepted for publication in Diabetes Care in February 2016.

Overall fi ndings presented in Chapter 3.2 show declines in age-standardised rates of mortality from all-cause, 

CVD and diabetes, while cancer mortality remains unchanged. These trends suggest continued success in the 
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treatment of diabetes and its complications. However, improvements in mortality are not consistently seen 

across the age spectrum, with younger ages (<40) not experiencing the same declines in mortality as older 

populations and even more concerning, for type 2 diabetes, increases in all-cause and cancer mortality rates 

was noted in age-groups 0–40. Efforts to rectify this disparity are needed. In addition, the absence of a decline 

in cancer mortality among people with diabetes is likely to lead a higher burden of cancer among people with 

diabetes. This warrants urgent attention.
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Mortality Trends Among People
With Type 1 andType 2Diabetes in
Australia: 1997–2010
Diabetes Care 2014;37:2579–2586 | DOI: 10.2337/dc14-0096

OBJECTIVE

With improvements in cardiovascular disease (CVD) rates among people with di-
abetes, mortality rates may also be changing. However, these trends may be influ-
enced by coding practices of CVD-related deaths on death certificates. We analyzed
trends ofmortality over 13 years inpeoplewithdiabetes andquantified thepotential
misclassification of CVD mortality according to current coding methods.

RESEARCH DESIGN AND METHODS

A total of 1,136,617 Australians with diabetes registered on the National Diabetes
Services Scheme between 1997 and 2010were linked to the National Death Index.
Excess mortality relative to the Australian population was reported as standard-
ized mortality ratios (SMRs). Potential misclassification of CVD mortality was de-
termined by coding CVD according to underlying cause of death (COD) and then
after consideration of both the underlying and other causes listed in part I of the
death certificate.

RESULTS

For type 1 diabetes, the SMR decreased in males from 4.20 in 1997 to 3.08 in 2010
(Ptrend < 0.001) and from 3.92 to 3.46 in females (Ptrend < 0.01). For type 2 diabetes,
the SMR decreased inmales from 1.40 to 1.21 (Ptrend < 0.001) and from 1.56 to 1.22
in females (Ptrend < 0.001). CVD deaths decreased from 35.6 to 31.2% and from 31.5
to 27.2% in males and females with type 1 diabetes, respectively (Ptrend < 0.001 for
both sexes). For type 2 diabetes, CVD decreased from 44.5 to 29.2% in males and
from 45.5 to 31.6% in females (Ptrend < 0.001 for both sexes). Using traditional
codingmethods,∼38 and 26%of CVDdeaths are underestimated in type 1 diabetes
and type 2 diabetes, respectively.

CONCLUSIONS

All-cause and CVD mortality has decreased in diabetes. However, the total CVD
mortality burden is underestimated when only underlying COD is considered. This
has important ramifications for understanding mortality patterns in diabetes.

Diabetes increases mortality, with this excess mainly being attributable to cardio-
vascular disease (CVD) (1). However, patterns of mortality may be changing (2,3).
Marked declines in mortality among the general population, primarily from CVD,
have been noted in the past 4 decades (4), with some evidence that mortality in type
2 diabetes may be approaching that of the general population, particularly at older
ages (2,3,5). Studies of type 1 diabetes are, however, inconsistent, with some
reporting a decrease in all-cause mortality over time (6–8), while others report no
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change (9–11). Furthermore, little is
known about the extent to which mor-
tality from different causes of death
(CODs) in people with diabetes has
changed over time. Evidence suggests a
reduction inmortality fromcomplications
of diabetes (6,12,13), an increase in can-
cermortality (3), and no change in mor-
tality from acute complications of
diabetes (3,14). However most of these
studies are based on small sample sizes
and do not distinguish between type 1
and type 2 diabetes.
Although examining cause-specific

mortality is of significant value, limita-
tions in using death certificate data are
well recognized (15–17). Most of the at-
tention in this area has focused on
whether or not death certificates in peo-
ple with diabetes refer to diabetes at all
(17–19). It is also possible that due to an
increasing recognition of the role of di-
abetes, the underlying COD may be
given as diabetes when the death was
primarily caused by CVD. This may lead
to misclassification, whereby deaths
due to CVD in people with diabetes are
not classified as CVD deaths, but as di-
abetes deaths, leading to an underesti-
mate of the impact of CVD.
The aims of the current study, using a

cohort of Australians registered on the
National Diabetes Services Scheme
(NDSS) followed from 1997–2010, are to

i. examine secular trends in excess all-
cause mortality in type 1 and type 2
diabetes compared with the general
population,

ii. examine secular trends in proportions
of cause-specific deaths in type 1 and
type 2 diabetes, and

iii. explore the potential underestima-
tion of CVD deaths in people with
diabetes.

RESEARCH DESIGN AND METHODS

The NDSS was set up in 1987 to deliver
diabetes-related products at subsidized
prices and provide information to peo-
ple with diabetes. Registration of pa-
tients is free and is completed by a
medical practitioner or credentialed di-
abetes nurse educator. The NDSS cap-
tures 80–90% of all Australians with
known diabetes (20).
We included all people with type 1 or

type 2 diabetes who were on the NDSS
between 1997 and 2010. 1997 was cho-
sen as the start date, as this time period

followed a unification of state-based
registries as well as an improvement
in data quality. After excluding 944
registrants, because registration date
and date of death were the same, the
sample size for these analyses was
1,136,617. Diabetes type is classified
by the health practitioner completing
registration. However, for the current
study, type 1 diabetes status was as-
signed to registrants who were classi-
fied as type 1 on the NDSS and were
diagnosed before the age of 30 years,
and the time between diagnosis date
and date of first insulin use was less
than 1 year. For those missing data on
date of diagnosis or insulin initiation
date (many of whom registered in the
early years of the operation of the NDSS
and had had diabetes for a number of
years), we classified people as type 1
diabetes if they were recorded as type
1 on the registry, were taking insulin,
and were registered at #45 years of
age. We chose 45 years as the cutoff
to minimize the number of people
with type 1 diabetes that we would
miss, without misclassifying significant
numbers of people with type 2 as type 1
(21). All others were classified as type 2
diabetes.

The NDSS was linked to the National
Death Index (NDI) using data up to and
including 31 December 2010, and the
general framework of Fellegi and Sunter
(22) was used. First name, second name,
third name, sex, and date of birth were
used to conduct the linkage. The record
linkage methodology assigns each com-
pared pair of records a record pair com-
parison weight. Based on clerical review
of a sample of these links, it is expected
that links with a weighting of low, me-
dium, and high correspond to a link ac-
curacy (positive predictive value) of
96.75, 98.97, and 99.90%, respectively
(23). For this study, we chose a medium
cutoff point with a predictive value of
98.97%. Sensitivity analyses were
also conducted using the high and low
cutoffs.

Statistical Analysis
Individuals were followed from 1 Janu-
ary 1997, or registration date if there-
after, to 31 December 2010 or date of
death, whichever occurred first. An-
nual mortality rates were calculated
by direct standardization. In brief,
5-year age-specific mortality rates of

those with diabetes were applied to
the equivalent age strata from the Aus-
tralian population of 2001, obtained
from the Australian Institute of Health
and Welfare. For type 1 diabetes, this
was 0–75 years of age, and for type 2, it
was all ages. Among the general popu-
lation, mortality rates were also age-
standardized to the 2001 Australian
population.

All-cause mortality by year, 5-year
age group (0–85+ years), and sex was
calculated among people with diabetes.
Year-, age-, and sex-specific mortality
rates from the general Australian popu-
lation, obtained from the Australian In-
stitute of Health and Welfare, were
applied to the diabetes population.
The number of people in each age group
of the diabetes population was multi-
plied by the age (in 5-year age groups),
sex, and year-specific mortality rates in
the general population to obtain the ex-
pected number of deaths and then
summed to give a total expected num-
ber of deaths. Standardized mortality
ratios (SMRs) were calculated by com-
paring the observed and expected mor-
tality. An SMR of 1 indicates equivalent
mortality risk to the age-matched gen-
eral population, and 95% CIs were cal-
culated using limits for a Poisson
distributed variable.

For the assessment of changes in all-
cause mortality over time, annual SMRs
were fitted separately for each type of
diabetes using a Poisson regression
model using age as the time scale and
including sex and calendar year as cova-
riates, with Ptrends reported. To examine
changes in all-cause mortality over time
by age group, we grouped data from the
calendar years 1997–2003 and 2004–
2010 together.

COD was classified according to un-
derlying COD codes as follows: CVD
I10-I25, I60-I69; diabetes E10-E14; can-
cer C00-C97; respiratory J00-J99; infec-
tions A00-B99; renal diseases N00-N21,
N25-N26; and all remaining “other” co-
des. In a second analysis, deaths with an
underlying COD corresponding to “un-
complicated diabetes” (E10.9, E11.9,
E12.9, E13.9, E14.9) or “diabetes with
circulatory complications” (E105,
E11.5, E12.5, E13.5, E14.5) where a
CVD code also appeared in the first
part of the death certificate were reclas-
sified to CVD. These recoded deaths are
thought to be reflective of real CVD
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deaths, as it is unlikely that people die
of “uncomplicated diabetes” or “diabe-
tes with circulatory complications,” but
rather, the CVD death, as described in
part I of the death certificate, is a conse-
quence of diabetes.
Binary outcomes were created for

each cause-specific death, categorized
into, for example, CVD or “other death”
and individual logistic regression analy-
ses (crude and age-adjusted) were
performed to observe trends in the pro-
portion of deaths attributed to each cat-
egory, with Ptrends reported. Trends in
the proportions of underestimated CVD
deaths over time were also reported
using logistic regression with the binary
outcome “misclassified” or “not misclas-
sified.” Statistical significance was estab-
lished at P, 0.05. All analysis used STATA
version 12.1 (StataCorp, College Station,
TX). This study was approved by the
Alfred Health Human Ethics Committee
and the Australian Institute of Health
and Welfare Ethics Committee.

RESULTS

This study included 1,136,617 (7.6%
type 1) individuals with type 1 or type
2 diabetes who were registered on the
NDSS between 1997 and 2010. In brief,
there were a greater proportion of
males with type 1 and type 2 diabetes
comparedwith females, 52.4 and 53.8%,
respectively; median age at diagnosis
was 21.1 and 60.0 years for type 1 and
type 2 diabetes, respectively; average
follow-up time was 10.5 and 6.9 years
for type 1 and type 2 diabetes, respec-
tively; and 21.7% of people with type 2
diabetes were on insulin.

Among 86,250 people with type 1
diabetes, a total of 6,134 deaths oc-
curred during 908,730 person-years
(PY) of follow-up between 1997 and
2010; crude mortality rate was 6.8 per
1,000 PY. Age-standardized (0–75 years)
mortality rates decreased among the
type 1 diabetes population from 9.5
per 1,000 to 6.3 per 1,000 PY over the
follow-up period, and from 3.3 per 1,000

to 2.3 per 1,000 among the general pop-
ulation for the same age group. The SMR
for males decreased from 4.20 (95%
CI 3.66–4.82) in 1997 to 3.08 (95% CI
2.77–3.42) in 2010 (Ptrend , 0.001) and
for females from 3.92 (95% CI 3.19–
4.82) to 3.46 (95% CI 3.01–3.97; Ptrend,
0.01) (Fig. 1).

Among 1,060,367 people with type 2
diabetes, a total of 211,082 deaths oc-
curred during 7,263,618 PY of follow-up
for the same time period; crudemortality
rate was 29 per 1,000 PY. Age-standard-
ized (0–75 years) mortality rates de-
creased among the type 2 diabetes
population from 9.4 per 1,000 to 5.5 per
1,000 PY over the follow-up period. The
SMR for males decreased from 1.40 (95%
CI 1.36–1.44) in 1997 to 1.21 (95% CI
1.19–1.23) in 2010 (Ptrend , 0.001) and
for females from 1.56 (95% CI 1.51–1.61)
to 1.22 (95% CI 1.19–1.24; Ptrend, 0.001)
(Fig. 2).

Age-specific SMRs in 1997–2003 and
2004–2010 are presented in Table 1. In
general, SMRs for type 1 diabetes were

Figure 1—All-cause SMRs in males (A) and females (B) with type 1 diabetes compared with the general population between 1997 and 2010.
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almost double across all age groups
comparedwith those for type 2 diabetes
in 1997–2003 and 2004–2010. Females
generally had higher SMRs compared
with males, and SMRs generally de-
creased from 1997–2003 to 2004–2010
for males and females with type 2, but
not type 1, diabetes.
COD data were available for 85.8%

(n = 5,261) of all deaths among type 1
diabetes and for 95.3% (n = 201,156)
among type 2 diabetes. Using the stan-
dard underlying COD data, Fig. 3 shows
that in type 1 diabetes, the percentage
of crude deaths due to CVD fell between
1997 and 2010 (significant only for fe-
males), while the percentage due to
cancer increased. Age-adjustment re-
sulted in the CVD decline between
1997 and 2010 becoming significant in
males also. Figure 3 also shows that
there were similar findings for type 2
diabetes, both crude and age-adjusted
(significant in males and females).
After recoding relevant “uncompli-

cated diabetes” deaths and “diabetes

with circulatory complications” deaths
to CVD, the proportion of deaths for
the total time period among those
with type 1 diabetes attributed to CVD
increased from 22.3 to 35.7% in males
and from 18.9 to 31.6% in females
(Table 2). For both males and females,
the amount of underestimation in-
creased over time (Ptrend , 0.05), and
subsequently, decreases in the propor-
tion of deaths attributed to CVD over
time were overestimated. Similar find-
ings were seen for type 2 diabetes.

Separate sensitivity analyses using
NDI cutoffs with linkage rates of 99.9
and 96.75% and using a cutoff date of
age,40 at registration for classification
as type 1 diabetes among those missing
data on age at diagnosis did not change
the overall pattern of results (data not
shown).

CONCLUSIONS

Our findings of an analysis of mortality
trends among Australians with diabe-
tes are threefold. First, we observed

a significant decline in excess all-cause
mortality among both males and fe-
males for type 1 and type 2 diabetes
between 1997 and 2010. This decrease
in excess risk over time was under-
pinned by decreases in mortality
for both the diabetes and general pop-
ulation groups, though decreases
in mortality were greater among the
diabetes population, making the rela-
tive difference between the two
groups smaller over time. However,
people with type 1 and type 2 diabetes
still experience a 3 and 1.2 times in-
creased risk of excess all-cause mortal-
ity, respectively, compared with the
general population. Second, we ob-
served a decline in the proportion of
deaths attributed to CVD among type
1 diabetes and type 2 diabetes and for
both males and females. Finally, we
observed that a large proportion of
deaths from CVD are potentially
underestimated using standard under-
lying COD coding methods, and this
proportion has increased over time.

Figure 2—All-cause SMRs in males (A) and females (B) with type 2 diabetes compared with the general population between 1997 and 2010.
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Comparison With the Literature
Our results for the risk of excess all-
cause mortality are consistent with
other studies. Lind et al. (2) show that
in a large diabetes population in On-
tario, Canada, the mortality rate ratios
decreased from 1.90 in 1996 to 1.51 in
2009 compared with people without di-
abetes and from 2.14 to 1.65 in a dia-
betes population from the U.K. for the
same time period. However, this study
did not distinguish diabetes type and

may explain why the rate ratios lie
somewhere between our estimates
for type 1 and type 2 diabetes. Gregg
et al. (13) showed that between 1997
and 2006, all-cause and CVD death
rates declined by 23 and 40%, respec-
tively, in a population of U.S. adults
with diabetes, and there were no differ-
ences between males and females. This
study also did not discriminate be-
tween type 1 diabetes and type 2 dia-
betes. Allemann et al. (6) examined

type 1 and type 2 diabetes separately
and showed that SMRs for all-cause and
CVD mortality decreased significantly
over 30 years of follow-up in Switzer-
land. In that study, SMRs for type 1 and
type 2 diabetes from 1974 to 2005 were
4.5 and 3.5, respectively, and were
higher for females than males. These
SMRs are much higher than those re-
ported here, most likely due to the
fact that the Swiss study began in the
1970s when mortality from diabetes

Table 1—Age group– and sex-specific SMRs (95% CI) from 1997–2003 and 2004–2010 in type 1 and type 2 diabetes

Age group,
years

1997–2003 2004–2010

Male Female Male Female

Deaths (n) SMR 95% CI Deaths (n) SMR 95% CI Deaths (n) SMR 95% CI Deaths (n) SMR 95% CI

Type 1 diabetes
0–9 2 0.75 0.19–2.99 1 0.56 0.08–4.00 3 1.21 0.39–3.74 3 1.73 0.56–5.36
10–19 37 3.26 2.36–4.49 41 7.77 5.72–10.56 32 3.06 2.16–4.32 20 3.98 2.57–6.17
20–29 101 2.56 2.11–3.11 80 5.91 4.75–7.36 95 2.95 2.41–3.61 81 6.91 5.56–8.59
30–39 258 4.09 3.62–4.62 159 4.57 3.92–5.34 236 4.08 3.59–4.653 137 4.95 4.19–5.85
40–49 582 4.69 4.33–5.09 315 4.72 4.23–5.27 505 4.39 4.02–4.79 313 4.22 3.77–4.71
50–59 533 3.75 3.45–4.08 284 4.36 3.88–4.89 780 3.37 3.14–3.61 467 4.02 3.67–4.40
60–69 55 2.01 1.54–2.62 30 2.52 1.76–3.60 402 2.60 2.36–2.87 237 3.40 3.00–3.87
70–79 47 2.10 1.58–2.41 28 2.81 1.99–3.95 80 2.25 1.81–2.80 64 3.12 2.44–3.98
80–89 23 2.42 1.61–3.64 18 2.25 1.42–3.57 46 2.13 1.59–2.84 34 2.53 1.81–3.54

Type 2 diabetes
0–9 d d d d d d d d d d d d

10–19 4 14.26 5.35–38.0 2 7.75 1.94–31.0 2 3.57 0.89–14.28 1 2.40 0.34–17.02
20–29 10 2.06 1.11–3.84 15 1.82 1.10–3.02 23 4.00 2.66–6.02 21 4.59 3.00–7.04
30–39 134 3.16 2.67–3.74 99 1.60 1.32–1.95 192 3.02 2.62–3.48 164 2.93 2.52–3.42
40–49 650 2.26 2.09–2.44 407 2.43 2.20–2.67 1,250 2.65 2.51–2.80 793 2.63 2.45–2.82
50–59 3,491 2.14 2.07–2.21 1787 2.51 2.40–2.63 4,890 1.97 1.91–2.02 2,527 2.23 2.14–2.32
60–69 9,504 1.69 1.66–1.73 5224 2.07 2.02–2.13 13,724 1.63 1.60–1.65 7,122 1.90 1.86–1.95
70–79 17,441 1.40 1.38–1.42 11,726 1.70 1.67–1.73 25,562 1.36 1.34–1.37 16,361 1.56 1.54–1.59
80–89 12,501 0.98 0.96–1.00 13,694 1.08 1.05–1.09 29,917 0.99 0.98–1.00 31,844 1.03 1.02–1.04

The dash indicates that there were no deaths among people with diabetes for this age group.

Figure 3—Cause-specific mortality in males (A) and females (B) with type 1 diabetes and males (C) and females (D) with type 2 diabetes using
traditional coding between 1997 and 2010. *crude Ptrend ,0.001; †age-adjusted Ptrend , 0.001.
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was much higher compared with the
general population.
In our study, we show that the second

largest contributor to mortality among
people with diabetes is now cancer,
which increased substantially between
1997 and 2010. While there is now a
plethora of epidemiological evidence
supporting a strong association be-
tween diabetes and many types of can-
cer (24), only one other study that we
are aware of has shown increasing
trends of mortality from cancer over
time in people with diabetes. In this
study, the proportion of deaths attrib-
uted to cancer increased from ;23% in
1970 to 27% in 1990 (3). This is similar to
our results where we show that the pro-
portion of deaths attributed to cancer
among type 1 diabetes is now 27%, but
we show a higher proportion among
people with type 2 diabetes, with 33%

of all deaths in people with diabetes at-
tributed to cancer in 2010. This is of sig-
nificant importance in light of the
increasing prevalence of diabetes, coin-
ciding with an ageing population, an in-
herent risk factor for both diabetes and
cancer.

Mortality ICD codes are widely used
in epidemiological research to assess
the health of populations, direct the al-
location of funds, and inform appropri-
ate health care policy. But as we, and
others, have shown, misclassification of
COD can have major implications for
the conclusions drawn from epidemio-
logical research (25). In this study, we
show that the proportion of CVD deaths
potentially underestimated by using
underlying COD was ;39 and 26% for
type 1 and type 2 diabetes, respec-
tively. We also show that the propor-
tion has increased over time. It is most

likely that this reflects an increasing
awareness among doctors that diabe-
tes is a key etiological factor in the de-
velopment of CVD. Our findings are
supported by a study by Harriss et al.
(26), which adjudicated 750 deaths
from an Australian longitudinal cohort
and found that of 54 deaths with an
underlying ICD code listed as “diabe-
tes,” almost 60% were primarily due
to CVD. Our somewhat lower estimates
are most likely explained by our conser-
vative approach, whereby only those
diabetes cases that were “diabetes
with circulatory complication” or “un-
complicated diabetes” were recoded.
Additionally, our study distinguished
between diabetes types and had a dif-
ferent age distribution. Our data show
that when death from CVD is attributed
to diabetes (often correctly) on the
death certificate, it can significantly

Table 2—Proportion of CVD deaths misclassified using traditional coding in males and females with type 1 and type 2 diabetes

Year of death

Men Women

% of CVD
deathsa

% of CVD deaths
after recodingb

% of CVD deaths
underestimated

% of CVD
deathsa

% of CVD deaths
after recodingb

% of CVD deaths
underestimated

Type 1 diabetes
1997 25.3 34.7 27.1 14.6 28.1 48
1998 23.2 34.1 31.7 21.4 32.1 33.3
1999 24.5 33.9 27.8 21.0 33.1 36.6
2000 23.2 38.0 39.0 23.2 34.1 31.9
2001 23.2 36.3 36.1 24.8 39.4 54.0
2002 21.7 33.6 35.3 21.9 29.0 24.4
2003 22.9 35.5 35.5 20.2 28.6 29.2
2004 22.1 35.3 37.5 19.4 32.8 40.7
2005 23.6 37.4 36.9 21.7 32.9 34.0
2006 18.4 30.8 40.4 12.2 24.5 50.0
2007 18.5 34.6 46.5 16.6 33.1 50.0
2008 21.6 35.8 39.8 15.7 26.4 40.5
2009 25.7 41.6 38.1 20.6 31.5 34.6
2010 17.1 31.2 45.3 9.9 26.5 62.5
Total 22.3 35.3 36.8c 18.9d 30.9 38.7c

Type 2 diabetes
1997 33.8 43.8 22.7 33.7 44.6 24.3
1998 32.7 42.2 22.5 34.3 44.8 23.3
1999 33.3 42.7 22.0 32.0 42.1 23.9
2000 31.7 40.8 22.2 32.2 40.9 21.3
2001 30.5 39.4 22.6 33.1 42.3 21.7
2002 29.4 37.6 21.7 30.0 38.7 22.5
2003 28.8 37.8 23.9 28.9 38.4 24.6
2004 27.7 36.6 24.3 28.5 37.8 24.5
2005 26.6 35.8 25.6 26.6 37.0 28.1
2006 24.6 32.8 24.8 24.1 33.0 27.1
2007 23.5 31.5 25.3 23.5 32.2 27.1
2008 23.2 31.6 26.7 23.9 32.3 25.9
2009 22.6 30.5 25.7 23.3 32.0 27.3
2010 21.1 28.2 25.2 22.8 30.9 26.1
Total 26.7 35.3d 24.1c 27.2d 36.3d 25.1c

aProportion of deaths using traditional ICD coding using underlying COD only. bProportion of deaths after recoding diabetes to CVD where it was
suspected CVD was the true underlying COD. cSignificant increase between 1997 and 2010 (Ptrend , 0.05). dSignificant decrease between 1997 and
2010 (Ptrend , 0.05).
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obscure patterns of CVD mortality if
only underlying COD is used to attri-
bute COD. Similar issues may also apply
to other chronic diseases and their
complications. We suggest that when
considering mortality data, particularly
for diabetes populations, the current
reliance on the underlying COD coding
may be misleading.

Strengths and Limitations
The main strength of this study is that it
is population based with a large sample
size, a long follow-up time, and the abil-
ity to distinguish between type 1 and
type 2 diabetes. There are several limi-
tations, however, that should be ac-
knowledged. Firstly, the NDSS is an
administrative database, and there are
inherent limitations with using adminis-
trative databases for research purposes
(27). Namely, for our study, the lack of
precise information about type of diabe-
tes for all registrants was not available.
The classification of diabetes, particu-
larly in young patients, is challenging,
and misclassification can occur. How-
ever, the proportions of type 1 and
type 2 diabetes in this study (7.6 vs.
92.4%) are similar in other Australian
data (28). Further, the proportion of
type 2 diabetic patients who were also
on insulin is consistent with other stud-
ies (29). Given these well-known demo-
graphics and our very large sample size,
we believe that any misclassification in
this study will not alter our results.
The NDSS is considered among the

best available national data sources
for estimating overall prevalence of di-
agnosed diabetes in Australia (20).
However, the NDSS does not capture
those with undiagnosed diabetes. Re-
cent Australian data show that for every
four cases of known diabetes, there is
one undiagnosed case (30). The NDSS
also may underestimate the total num-
ber of people with diet-controlled dia-
betes, as the diabetes-related products
provided through the scheme may not
be needed (30). In Australia, the propor-
tion of known diabetes controlled by
diet only was estimated to be 28% in
2000 (31). It is possible, therefore, that
using the NDSS is reflective of the more
serious diabetes cases. However, the
NDSS coverage of type 1 diabetes is
known to be very high as access to
insulin-related products is through
the NDSS (20). Further, we believe the

coverage of type 2 diabetes is ade-
quately reflective of people with type 2
diabetes in Australia given that the age
distribution and the median age at diag-
nosis are similar to that seen in other
populations (29). We therefore do not
believe this potential source of bias will
significantly impact our findings. Obtain-
ing vital status and COD information can
also be difficult for large-scale studies
such as this in Australia where unique
health identifiers are not available.
Therefore, linkage is based on probabi-
listic algorithms that a given name,
address, and date of birth will correctly
link records belonging to the same indi-
vidual. Again, this may introduce mis-
classification. However, for all primary
analyses, we applied cutoffs that have a
98.97% positive match rate. Further, we
performed sensitivity analyses using cut-
offswith positivematch rates of 99.9 and
96.75%, respectively, and our conclu-
sions regarding patterns of mortality
over time were unchanged.

Lastly, although the NDSS provides
the largest data set for people with di-
agnosed diabetes, our findings are lim-
ited by a lack of covariates in the data
set. Therefore, we were unable to ex-
plore the extent to which improvements
in quality of care, medical treatments,
and/or self-management behaviors
contributed to the reductions in mortal-
ity over time. Furthermore, ethnicity is
known to have a strong association with
type 2 diabetes such that migrant popu-
lations have a higher prevalence of dia-
betes compared with Australian-born
individuals (32,33). It is not known if
ethnicity would impact on SMR esti-
mates. Unfortunately, we were not
able to explore this further due this in-
formation not being available in the
general population.

Conclusion
Wehave shown that excess all-causemor-
tality in males and females with type 1
and type 2 diabetes has decreased over
the past decade in Australia. These trends
suggest continued success in the treat-
ment of diabetes and its complications,
though there is still a significant amount
of excess mortality experienced among
people with diabetes compared with the
general population, and continued efforts
to rectify this disparity are needed. Addi-
tionally, improvements in CVD-related
mortality are offset by increases in the

proportion of deaths attributed to cancer
among people with diabetes. One of our
most important and novel findings is
that a substantial and increasing propor-
tion of CVD deaths among people with
diabetes are attributed to diabetes on
death certificates, leading to underesti-
mates in the CVDmortality burden among
people with diabetes. If confirmed in
other data collections, this has important
ramifications for the understanding of
mortality patterns.
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Erratum

Mortality Trends Among People With Type 1 and Type 2 Diabetes in
Australia: 1997–2010. Diabetes Care 2014;37:2579–2586

DOI: 10.2337/dc15-er04

The authors of the article cited above noticed an error in the way they had described
their definitions of type 1 and type 2 diabetes in the RESEARCH DESIGN AND METHODS

section.

The description as published is as follows:

Diabetes type is classified by the health practitioner completing registration.

However, for the current study, type 1 diabetes status was assigned to registrants

who were classified as type 1 on the NDSS and were diagnosed before the age of 30

years, and the time between diagnosis date and date of first insulin use was less than

1 year. For those missing data on date of diagnosis or insulin initiation date (many of

whom registered in the early years of the operation of the NDSS and had had diabetes

for a number of years), we classified people as type 1 diabetes if they were recorded

as type 1 on the registry, were taking insulin, andwere registered at#45 years of age.

We chose 45 years as the cutoff to minimize the number of people with type 1

diabetes that we would miss, without misclassifying significant numbers of people

with type 2 as type 1 [Kenny et al., 1995]. All others were classified as type 2 diabetes.

Amended description is as follows:

Diabetes type is classified by the health practitioner completing registration.

However, for the current study, type 1 diabetes status was assigned to registrants

who were recorded as type 1 on the NDSS registry, were registered at,45 years of

age, and were taking insulin. Registration date was used as a proxy for diagnosis date

as a large proportion of registrants (59.1%with type 1 diabetes and 36.1%with type 2

diabetes) were missing date of diagnosis, many of whom registered in the early years

of the operation of the NDSS and had had diabetes for a number of years. We chose

45 years as the cutoff to minimize the number of people with type 1 diabetes that we

wouldmiss, withoutmisclassifying significant numbers of people with type 2 diabetes

as type 1 diabetes [Kenny et al., 1995]. In addition, registrants who were recorded as

having type 2 diabetes on the registry, were diagnosed before the age of 30 years, and

were taking insulin within 1 year of diagnosis date were reclassified as having type 1

diabetes. All others were classified as having type 2 diabetes.

Had the authors analyzed the data according to how the definition reads in the
article, they would have excluded approximately 13% of those with type 1 diabetes.
These patients were all insulin treated and were all registered on the NDSS before
the age of 45 years, and the majority were registered with the NDSS in the early
years of its existence and therefore did not have an age at diagnosis available. The
authors believe that the most appropriate classification of these patients is type 1
diabetes and that the published results, in which they were classified as type 1
diabetes, are therefore the appropriate ones. Nevertheless, the authors have ex-
amined the effect of differential coding by conducting some analyses using both the
method that appeared in the RESEARCH DESIGN AND METHODS section and the amended
method. These results and comparisons are shown in Supplementary Tables 1 and 2.
Supplementary Table 1 highlights the all-cause standardized mortality ratios
(SMRs), by year, for type 1 and type 2 diabetes. The authors show a magnitude of

Jessica L. Harding, Jonathan E. Shaw,

Anna Peeters, Tenniel Guiver,

Susan Davidson, and Dianna J. Magliano

Diabetes Care Volume 38, April 2015 733
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difference between the two sets of results of less than 10% for type 1 diabetes and
even less for type 2 diabetes, with overlapping 95% CI suggesting that the two
versions of results are not statistically different. The proportions of cause-specific
deaths attributed to cardiovascular disease, diabetes, and cancer are also immate-
rially different between the two definitions (Supplementary Table 2).
Changing the description of the definition does not require any change to the

results.

734 Erratum Diabetes Care Volume 38, April 2015
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Mortality in Type 1 and Type 2 Diabetes: A Cohort Study of Over One 

Million People 

Jessica L Harding,1,2 Jonathan E Shaw,1,2 Anna Peeters,3 Susan Davidson4  & Dianna J Magliano1,2 
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ABSTRACT

Background

We analysed changes in all-cause and cause-specifi c mortality rates from 2000-2011 in people with diabetes, 
by age-group.

Methods

1,189,079 (7.3% type 1) Australians with diabetes registered on the National Diabetes Service Scheme between 
2000 and 2011 were linked to the National Death Index. Mortality rates in the total population were age-
standardised to the 2001 Australian population. Mortality rates were calculated for the following age-groups:  0 
to <40; ≥40 to <60; ≥60 to ≤85. Annual mortality rates were fi tted using a Poisson regression model including 
calendar year as a covariate and age and sex where appropriate, with ptrends reported. 

Results

For type 1, all-cause, CVD, and diabetes age-standardised mortality rates (ASMR) decreased each year by 
0.61, 0.35 and 0.14 per 1,000 person-years (PY), respectively, between 2000 and 2011, ptrend<0.05, while cancer 
mortality remained unchanged. By age, signifi cant decreases in all-cause, CVD and diabetes mortality rates 
were observed in all age-groups, excluding diabetes mortality in age-group 0-40. For type 2, all-cause, CVD and 
diabetes ASMRs decreased per year by 0.18, 0.15 and 0.03 per 1,000 PY, respectively, ptrend<0.001, while cancer 
remain unchanged. By age these decreases were observed in all age-groups, excluding 0-40 where signifi cant 
increases in all-cause and cancer mortality were noted and no change for CVD and diabetes mortality. 

Conclusion

All-cause, CVD and diabetes ASMRs in type 1 and type 2 diabetes decreased between 2000 and 2011, while 
cancer mortality remains unchanged. However, younger populations are not benefi ting from the same 
improvements as older populations. The absence of a decline in cancer mortality warrants urgent attention.
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People with diabetes have higher 
all-cause mortality rates compared 
to people without diabetes, mainly 
attributable to cardiovascular 
disease (CVD).1 However, some 
evidence suggests that patterns 
of mortality may be changing.2,3 
Declines in age-standardised all-
cause and CVD mortality rates 
have been noted among people 
with type 2 diabetes with some 
evidence that mortality may be 
approaching that of the general 
population, particularly at older 
ages.2-4 For type 1 diabetes, data 
are inconsistent, with some studies 
reporting a decrease in all-cause 
and CVD mortality over time,5-8 
while others report no change.9-11 
 Data on the effects of 
diabetes on other causes of 
death over time is mixed with 
studies reporting increased, 
unchanged or reduced mortality 
for complications of diabetes,5,12,13 
cancer mortality,3,8 and acute 
complications of diabetes.3,14 
Many of these studies are based 
on small sample sizes and do 
not distinguish between type 
1 and type 2 diabetes. To date, 
there have been no age-specifi c 
analyses of trends in cause-specifi c 
mortality among people with 
diabetes. Examining age-specifi c 
trends in mortality identifi es which 
age-groups are driving observed 
changes in mortality. These 
are important data to inform 
public health to prioritise where 
prevention and treatment efforts 
are most needed.
 Using a large cohort of 
Australians registered on the 
National Diabetes Service Scheme 
(NDSS), we examine trends in 
age-specifi c mortality rates for all-
cause, and the three most common 
causes of death, CVD, diabetes and 
cancer, among people with type 1 
and type 2 diabetes.

Research Design & Methods

The NDSS was set up in 1987 to 
deliver diabetes-related products 
at subsidised prices and provide 
information to people with 
diabetes. Registration of patients is 
free, and is completed by a medical 
practitioner or credentialed 
diabetes nurse educator. The NDSS 

captures 80-90% of all Australians 
with known diabetes.15 
 We included all people 
with type 1 or type 2 diabetes 
who were registered on the NDSS 
between 2000 and 2011 (including 
all those registered before 2000, 
and still alive on January 1 2000). 
2000 was chosen as the start date, 
as it followed a unifi cation of 
state-based registries, as well as 
an improvement in data quality. 
After excluding 833 registrants, 
because registration date and 
date of death were the same, the 
sample size for these analyses 
was 1,189,079. Diabetes type is 
classifi ed by the health practitioner 
completing registration. However, 
for the current study, type 1 
diabetes status was assigned to 
registrants who satisfi ed all three 
of the following conditions: were 
recorded as type 1 on the NDSS 
registry, were diagnosed <45 
years of age and were taking 
insulin. Registration date was used 
as a proxy for diagnosis date as 
a large proportion of registrants 
(54.4% type 1 diabetes and 32.8% 
type 2 diabetes) were missing 
date of diagnosis, many of whom 
registered in the early years of 
the operation of the NDSS and 
had had diabetes for a number of 
years. We chose 45 years as the 
cut-off to minimize the number 
of people with type 1 diabetes 
that we would miss, without 
misclassifying signifi cant numbers 
of people with type 2 as type 1.16 
Additionally, registrants who were 
recorded as type 2 on the registry, 
were diagnosed before the age of 
30 and were taking insulin within 
1 year of diagnosis date were 
reclassifi ed as type 1 diabetes. All 
others were classifi ed as type 2 
diabetes.
 The NDSS was linked to 
the National Death Index (NDI) 
using data up to and including 
31 December 2011, and used the 
general framework of Fellegi and 
Sunter.17 First name, second name, 
third name, gender, and date of 
birth were used to conduct the 
linkage. We set a match link rate 
of 98.63% (true matches/correct 
links) with link accuracy of 98.97% 
(1.03% expected to be false 

positive links). 
 Cause of death (COD) 
was classifi ed according to the 
International Classifi cation of 
Diseases 10th revision (ICD-10). 
Deaths were attributed to CVD if 
the underlying COD was coded 
I10-I25 or I60-I69. In addition, 
participants with a COD of 
‘uncomplicated diabetes mellitus’ 
(ICD-10 codes E109, E119, E12.9, 
E13.9 or E149) or ‘diabetes with 
circulatory complications’ (E105, 
E11.5, E12.5, E13.5, E14.5), and 
where a CVD code also appeared 
in the fi rst line of the death 
certifi cate, were attributed a 
CVD code for COD. Diabetes and 
cancer deaths were defi ned by 
underlying ICD-10 codes E10-E14 
and C00-C97, respectively.

Statistical Analysis

Individuals were followed from 1 
January 2000, or registration date if 
thereafter, to 31 December 2011 or 
date of death, whichever occurred 
fi rst. Age-specifi c mortality rates 
and 95% confi dence intervals 
(95%CI) were calculated using a 
Poisson regression model, with a 
Poisson error distribution, a log 
link function and  the natural log of 
population treated as an ‘offset’.18 
This was done for the following 
age-groups:  0 to <40; ≥40 to <60; 
≥60 to ≤85 in the total population 
and in men and women separately. 
We also examined smaller age-
groups of: 0 to <40; ≥40 to <50; 
≥50 to <60; ≥60 to <70; ≥70 to ≤85 
in the total population to tease out 
mortality patterns in more specifi c 
age groups. For analyses of the 
total population, we calculated 
age-standardised mortality rates 
(ASMR), standardised to the 2001 
Australian population, obtained 
from the Australian Institute of 
Health and Welfare. 
 For the assessment of 
changes in all-cause, and cause-
specifi c mortality over time, 
annual mortality rates were 
fi tted using a Poisson regression 
model including calendar year 
as a covariate and age and sex 
where appropriate, with ptrends 
reported. For each annual 
percentage change estimate, 
the corresponding 95%CI was
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calculated. Statistical signifi cance 
was established at p<0.05.
 All analysis used STATA 
version 12.1 (StataCorp, College 
Station, TX, USA). Graphs were 
generated using GraphPad Prism 
version 6.0 for Windows (GraphPad 
Software, La Jolla California USA, 
www.graphpad.com). This study 
was approved by the Alfred Health 
Human Research Ethics Committee 
(HREC) and the Australian Institute 
for Health and Welfare HREC. 

Results

This study included 1,189,049 
(7.3% type 1) individuals with 
type 1 or type 2 diabetes who 
were registered on the NDSS 
between 2000 and 2011. There 
was a greater proportion of males 
with type 1 and type 2 diabetes 
compared to females, 52.6% and 
53.9% respectively; median age 
at diagnosis was 20.1 years (inter 
quartile range (IQR): 11.1―30.4) 
and 58.5 years (IQR: 49.3―67.8) 
for type 1 and type 2 diabetes, 
respectively; median follow-up 
time was 15.2 years and 7.2 years 
for type 1 and type 2 diabetes, 
respectively; and 27.9% of people 
with type 2 diabetes were on 
insulin. 
 Among 87,047 people with 
type 1 diabetes, a total of 5,578 
deaths occurred during 825,777 
person years (PY) of follow-up 
between 2000 and 2011; ASMR 
was 16.2 per 1,000 PY. In the total 
type 1 diabetes population, all-
cause, CVD, and diabetes ASMRs 
signifi cantly decreased each year 
by 0.61, 0.35 and 0.14 per 1,000 
PY, respectively, between 2000 
and 2011 (ptrend<0.05, Figure 1A 
and Supplementary Table 1), while 
cancer ASMRs remain unchanged. 
When examined by age, signifi cant 
decreases in all-cause, CVD and 
diabetes mortality rates were 
observed in all age-groups, 
excluding diabetes mortality in 
age-group 0-40 years (Table 1). No 
declines in cancer mortality rates 
were observed in any age-group. 
The largest declines in mortality 
rates were consistently observed 
in the 60-85 year age-groups with 
declines per year of 0.08, 0.11 and 
0.10 per 1,000 PY for all-cause, 

CVD and diabetes, respectively. 
Similar patterns were observed in 
men and women.
 When examined in smaller 
age-groups, all-cause mortality 
signifi cantly decreased in all age-
groups, excluding 70-85 with a 
borderline signifi cant 0.03 per 
1,000 PY decrease in the  annual rate 
(ptrend =0.098, Table 2). Signifi cant 
improvements in CVD mortality 
were noted in all age-groups with 
annual rate declines between 0.05 
and 0.09 per 1000 PY. For diabetes 
mortality, signifi cant decreases 
in mortality were observed in 
age-groups 50-60 and 60-70 and 
no change in mortality for age-
groups 0-40, 40-50 and 70-85 . 
Signifi cant decreases in cancer 
mortality rates were observed in 
age-group 40-50, ptrend =0.023, but 
this trend was not observed in any 
other age-group. 
 Among 1,102,002 people 
with type 2 diabetes, a total of 
206,974 deaths occurred during 
7,309,921 PY of follow-up between 
2000 and 2011; ASMR was 8.6 per 
1000 PY. In the total population 
with type 2 diabetes, all-cause, CVD 
and diabetes ASMRs signifi cantly 
decreased per year by 0.18, 0.15 
and 0.03 per 1000 PY, respectively, 
between 2000 and 2011 (Figure 
1B and Supplementary Table 1), 
while cancer ASMRs remained 
unchanged. By age, signifi cant 
decreases in all-cause, CVD, 
diabetes and cancer mortality 
rates were observed in all age-
groups, excluding age-group 
0-40 where signifi cant increases 
in mortality were observed for all-
cause and cancer, and no change 
for CVD and diabetes mortality 
(Table 3). The largest declines in 
mortality rates were consistently 
observed in the 40-60 year age-
groups with annual rate declines 
of 0.02, 0.05, 0.05 and 0.03 per 
1000 PY for all-cause, CVD, 
diabetes and cancer, respectively. 
Similar patterns were observed 
in men and women , however 
diabetes mortality in women aged 
0-40 could not be estimated due 
to too few observations to derive 
meaningful trends. By smaller age-
groups, in those aged 40-50 there 
was no change in mortality rates 

from all-cause and diabetes, while 
signifi cant increases in cancer 
mortality rates were noted (Table 
4). Signifi cant declines in mortality 
from all-cause, CVD, diabetes 
and cancer were noted in all age-
groups >50 with the greatest 
declines consistently observed in 
the 50-60 and 60-70 age-groups.  

Discussion 

Summary

Our fi ndings of an analysis of age-
specifi c mortality trends among 
Australians with diabetes are 
three-fold. First, ASMRs for all-
cause, CVD, and diabetes mortality 
have decreased in people with 
type 1 and type 2 diabetes in the 
last decade, while cancer ASMRs 
remains unchanged. Second, 
improvements in mortality are not 
consistently seen across the age 
spectrum, with younger ages (<40) 
not experiencing the same declines 
in mortality as older populations 
and even more concerning, for 
type 2 diabetes, increases in all-
cause and cancer mortality rates 
was noted in age-groups 0-40. 
Last, declines in cancer mortality 
rates were observed for older age-
groups in type 2, but not in type 1 
diabetes. 

Comparison to the literature

Our observed declines in all-
cause and CVD mortality are 
consistent with trends in other 
developed nations. For example, 
in a population of U.S. adults with 
diabetes, Gregg et al. showed that 
between 1997 and 2006, all-cause 
and CVD death rates declined 
by 23% and 40%, respectively, 
comparable to our observed 
declines of 17.9% and 51.7% in type 
2 diabetes, respectively. Declines in 
all-cause and CVD mortality have 
also been noted in non-diabetes 
populations with declines of 40% 
and 62% between 1950 and 2005, 
respectively, though evidence 
suggests the rate of decline is 
greater in diabetes with declines of 
48% and 69%, respectively, for the 
same time period.4 These declines 
in mortality may be explained, at 
least in part, by earlier detection 
and by improvements in diabetes 
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care, and in CVD treatments and 
risk factors.19-21 However, previous 
work by our group using the 
NDSS data, has shown that people 
with type 1 and type 2 diabetes 
still experience a 200% and 20% 
increased risk of excess all-cause 
mortality, respectively, compared 
to the general population8, 
similar to fi ndings in the UK and 
Canada.2,22 Excess CVD mortality 
is in the realm of 50-110%, and 
300-400% for type 223,24 and type 1 
diabetes22, respectively, compared 
with non-diabetes populations. 
Therefore, while data presented 
here suggest improvements in 
the mortality experience among 
diabetes, much room exists for 
additional improvements.
 Previous studies on 
mortality from diabetes and cancer 
are confl icting. For diabetes, 
we report overall declines of 
18.5% and 38.5% in type 1 and 2 
diabetes, respectively.  National 
data from the USA recently 
reported relative declines of 
64% between 1990 and 2010 for 
mortality due to hyperglycaemic 
crisis among type 2 diabetes.25 
These estimates are higher than 
those reported here most likely 
due to the longer time frame of 
the US study and the specifi c 
exploration of hyperglycaemic 
crisis. For type 1 diabetes, a Finnish 
study found increases in mortality 
due to (all) acute complications 
of diabetes between 1970-
198926, while a Japanese study of 
patients with diabetes diagnosed 
before 18 years of age observed 
an 80% decrease (from 421 to 
83 deaths per 100,000 persons) 
between 1965-198027, though 
more contemporary estimates 
for type 1 diabetes are lacking. 
Improvements in mortality from 
diabetes may be attributed to 
changes to practice guidelines for 
diabetes management over the last 
decade which have emphasised 
the need for aggressive control 
of blood pressure, lipid levels and 
hyperglycaemia in patients with 
diabetes.28 
 For cancer, we observed 
no change in ASMRs between 2000 
and 2011 among people with type 
1 and type 2 diabetes. However, 

among type 2 diabetes, we did 
observe signifi cant decreases in 
cancer mortality among 40-60 and 
60-85 age-groups, though these 
improvements were not noted for 
younger age-groups, and in fact, 
we noted an increase in cancer 
mortality in those aged 0-40. 
One of the key reasons for our 
fi ndings is likely to be competing 
mortality. We have previously 
reported that the proportion of 
deaths attributed to cancer is 
increasing over time, in part due 
to improvements in treatment of 
CVD. Thus, people with diabetes 
are surviving longer and not dying 
from diseases such as CVD and 
then develop other outcomes such 
as cancer.29 Cancer is now a leading 
cause of death among diabetes, 
accounting for 27 and 33% of all 
deaths in people with type 1 and 
type 2 diabetes, respectively.29 
Only one other study that we are 
aware of has also shown that the 
proportion of deaths attributed to 
cancer among people with type 
2 diabetes has increased from 
23% in 1970 to 27% in 1990.3 
This increase in the proportion 
of deaths attributed to cancer is 
similar to what is being observed in 
the general population.30 However, 
the increase in the proportion 
of deaths attributed to cancer 
among the general population 
coincides with decreases in 
absolute mortality rates from 
cancer.31,32 declines in cancer 
mortality rates among the general 
population may be attributed to 
increased uptake of screening and 
improved treatments. The absence 
of a decline in cancer mortality 
rates among those with diabetes 
may to be due to a range of 
reasons including a rise in cancer 
incidence, later presentations and 
diagnosis and poorer responses to 
therapy..33  
 To our knowledge, this 
is the fi rst time that trends in 
absolute cause-specifi c mortality 
rates in diabetes have been 
explored by age-group. This is 
possibly because large study 
sizes are needed to obtain precise 
estimates, especially among 
younger age-groups where fewer 
deaths occur. We show signifi cant 

declines in mortality from all-
cause, CVD and diabetes in older 
age-groups, but this is not seen 
in those less than 40 years old. 
In fact, signifi cant increases in 
mortality were observed for all-
cause and cancer among younger 
people with type 2 diabetes and 
no change for CVD or diabetes 
mortality. There are several 
potential explanations for no 
improvement, and an increase in 
mortality rates among younger 
age-groups. These include a low 
number of CVD and diabetes 
events in these age groups which 
may result in a Type II error, the 
worsening or lack of improvement 
in risk factors, as well as possible 
misclassifi cation of type 1 and type 
2 diabetes which may differ over 
time. For example, the incidence 
of young-onset type 2 diabetes is 
increasing, and it is possible, that 
young people with type 2 diabetes 
are being incorrectly misclassifi ed 
as type 1 diabetes and this may 
drive the higher mortality rates in 
this age-group. However, in those 
with type 1 diabetes, we show 
mortality is decreasing. Therefore, 
we believe that the more likely 
explanation is that young-onset 
type 2 diabetes represents a 
more severe form of diabetes. 
Our data support recently 
published studies suggesting 
that young-onset type 2 diabetes 
is the more lethal phenotype of 
diabetes and is associated with a 
greater mortality, more diabetes 
complications, unfavourable 
cardiovascular disease risk factors 
and greater diffi culty in achieving 
glycaemic control, even compared 
with type 1 diabetes.34-37 Given the 
increasing incidence of young-
onset type 2 diabetes and its 
severity, there is an urgent need 
for diabetes prevention efforts to 
be targeted toward youth.

Strengths and limitations 

The main strength of this study 
is that it is disease-registry based 
with a large sample size, long 
follow up time and the ability to 
distinguish between type 1 and 
type 2 diabetes. There are several 
limitations, however, that should 
be acknowledged. Firstly, the NDSS 



Contemporary Trends in Mortality Among People with Diabetes 63

is an administrative database and 
there are inherent limitations with 
using administrative databases 
for research purposes.38 Namely, 
for our study, the lack of precise 
information about type of 
diabetes for all registrants was 
not available. The classifi cation 
of diabetes, particularly in 
young patients, is challenging 
and misclassifi cation can occur. 
However, the proportions of type 
1 and type 2 diabetes in this study 
(7.3% vs. 92.7%) are similar in 
other Australian data.39 Further, the 
proportion of type 2 diabetes who 
were also on insulin is consistent 
with other studies.40 Given these 
well known demographics, and our 
very large sample size, we believe 
that any misclassifi cation in this 
study will not alter our results. 
 Second, the NDSS is 
considered among the best 
available national data sources for 
estimating overall prevalence of 
diagnosed diabetes in Australia.15 
However, the NDSS does not 
capture those with undiagnosed 
diabetes. Recent Australian data 
show that for every fi ve cases of 
known diabetes, there are four 
undiagnosed cases.41 The NDSS 
also may underestimate the total 
number of people with diet-
controlled diabetes as the diabetes-
related products provided through 
the scheme may not be needed.41 
In Australia, the proportion of 
known diabetes controlled by diet 
only was estimated to be 28% in 
2000.42. It is possible, therefore, 
that using the NDSS is refl ective of 
the more serious diabetes cases. 
However, the NDSS coverage of 
type 1 diabetes is known to be very 
high as access to insulin-related 
products is through the NDSS 
scheme.15 Further, we believe the 
coverage of type 2 diabetes is 
adequately refl ective of people 
with type 2 diabetes in Australia 
given that the age distribution and 
median age at diagnosis is similar 
to that seen in other populations.40 
We therefore do not believe 
this potential source of bias will 
signifi cantly impact our fi ndings. 
 Last, although the NDSS 
provides the largest dataset for 
people with diagnosed diabetes, 

our fi ndings are limited by a 
lack of covariates in the dataset. 
Therefore, we were unable to 
explore the extent to which 
improvements in quality of 
care, medical treatments, and/
or self-management behaviours 
contributed to the reductions in 
mortality over time. 

Conclusions

We have shown that ASMRs from 
all-cause, CVD and diabetes in 
type 1 and type 2 diabetes have 
decreased over the last decade 
in Australia, while cancer ASMRs 
remain unchanged. These trends 
suggest continued success in 
the treatment of diabetes and its 
complications. However, these 
improvements are not seen across 
the entire age spectrum, with 
younger populations not benefi ting 
from the same improvements as 
older populations and continued 
efforts to rectify this disparity are 
needed. In addition, the absence 
of a decline in cancer mortality 
rates among diabetes is likely to 
lead a higher burden of cancer 
among people with diabetes. This 
warrants urgent attention. 
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Figure Legends

Figure 1 Age-standardised 
mortality rates in people with 
type 1 (A) and type 2 (B) diabetes 
between 2000 and 2011. Note: 
Rates were standardised to the 
2001 Australian population. 
*ptrend<0.05
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CHAPTER 4  

Cancer Risk in Type 1 and Type 2 Diabetes: Disentangling True Associations, 
Detection Bias and Reverse Causation

In Chapter 3.1 we observed an increasing proportion of deaths attributable to cancer among people with 

diabetes, likely due, at least in part, to large reductions in cardiovascular disease (CVD) mortality and smaller 

reductions (and/or stability) in cancer mortality rates over time among people with type 1 and type 2 diabetes. 

There is also a large body of research suggesting that people with type 2 diabetes are at increased risk for several 

types of cancer including pancreas, liver, endometrium, breast and colorectal cancers. For type 1 diabetes, rare 

cancer outcomes and cancer mortality, studies are often limited by small sample sizes that cannot reliably 

explore associations between these rare diseases.

A number of potential explanations exist for the observed association between diabetes and cancer. Most 

notable are shared risk factors such as smoking and obesity; and biologically plausible relationships, including 

metabolic derangements such as insulin resistance. However, it is also possible that the observed risk for diabetes 

and cancer may be due to challenges in the way previous research was conducted or interpreted. For example, 

detection bias has been suggested as a plausible explanation, at least in part, for the observed associations 

between diabetes and cancer risk. Detection bias may occur when cancer is more likely to be observed among 

newly diagnosed diabetes compared with those without diabetes, simply due to more attention and interaction 

with the health care system as a result of the new diagnosis. It is also possible, particularly for pancreatic 

cancer, that reverse causation may explain some of this excess risk whereby dysfunction in insulin secretion as 

a consequence of tumour growth may be suffi cient to induce hyperglycaemia.

To explore associations of type 1 diabetes and type 2 diabetes with cancer while reducing the potential impact 

of methodological challenges such as detection bias and reverse causation, we need extremely large population 

datasets. Registry-based data, therefore, provides a unique opportunity to explore these associations.  

Using the National Diabetes Service Scheme (NDSS) registry, we report here the excess risk of site-specifi c cancer 

incidence and mortality among people with type 1 and type 2 diabetes, compared with the general Australian 

population. Additionally, we explore the potential contribution of detection bias and reverse causation to these 

observed risk estimates.  This original research article was published in Diabetes Care in February 2015. An 

erratum to this work, similarly mentioned in Chapter 3, was published thereafter and this is also included at the 

end of this chapter. A detailed discussion pertaining to the unique association between diabetes and pancreatic 

cancer was also published in Diabetes Management Journal, 2015, Appendix 1.

The main fi nding from this work is that people with type 1 and type 2 diabetes have similar increased risks for 

a number of site-specifi c cancers, as compared with the general population. This is important as type 1 and 

type 2 diabetes have different disease aetiologies with respect to insulin availability, yet similar risk estimates 

for cancer, and this knowledge may therefore help disentangle underlying causal pathways. For example, data 
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presented in this paper suggest that hyperglycaemia (common to both type 1 and type 2 diabetes) may be 

the causal pathway linking diabetes and cancer and not endogenous hyperinsulinaemia (found only in type 2) 

as has previously been hypothesised. This suggests that management of hyperglycaemia in diabetes patients 

may be key to cancer prevention. 

In addition, by comparing incidence and mortality risk in time segments within two years of diabetes diagnosis, 

we were able to minimise the impact of detection bias and reverse causation on the excess risk of cancer 

among people with diabetes. This fi nding is of particular relevance to other researchers in this fi eld to ensure 

they take into account other possible reasons for their fi ndings. Collectively, these fi ndings suggest that 

screening for cancers in diabetes patients, according to standard protocols for the general population, should 

be emphasised in clinical practice as early detection will be key to preventing premature mortality from cancer. 

It is also likely that the prevention of key risk factors such as smoking, obesity, physical inactivity and poor diet 

will be important in the prevention of cancer, though the extent to which these risk factors contribute to the 

observed associations between diabetes and cancer could not be explored in this Chapter.
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Cancer Risk Among People With
Type 1 and Type 2 Diabetes:
Disentangling True Associations,
Detection Bias, and Reverse
Causation
Diabetes Care 2015;38:264–270 | DOI: 10.2337/dc14-1996

OBJECTIVE

Evidence indicates an increased risk of certain cancers among people with type 2
diabetes. Evidence for rarer cancers and for type 1 diabetes is limited. We ex-
plored the excess risk of site-specific cancer incidence and mortality among peo-
ple with type 1 and type 2 diabetes, compared with the general Australian
population.

RESEARCH DESIGN AND METHODS

Registrants of a national diabetes registry (953,382) between 1997 and 2008 were
linked to national death and cancer registries. Standardized incidence and mor-
tality ratios (SIRs/SMRs) are reported.

RESULTS

For type 1 diabetes, significant elevated SIRs were observed for pancreas, liver,
esophagus, colon and rectum (females only [F]), stomach (F), thyroid (F), brain (F),
lung (F), endometrium, and ovary, and decreased SIRs were observed for prostate
in males. Significantly increased SMRs were observed for pancreas, liver, and
kidney (males only), non-Hodgkin’s lymphoma, brain (F), and endometrium. For
type 2 diabetes, significant SIRs were observed for almost all site-specific cancers,
with highest SIRs observed for liver and pancreas, and decreased risks for prostate
and melanoma. Significant SMRs were observed for liver, pancreas, kidney, Hodg-
kin’s lymphoma, gallbladder (F), stomach (F), and non-Hodgkin’s lymphoma (F).
Cancer risk was significantly elevated throughout follow-up time but was higher in
the first 3months postregistration, suggesting the presence of detection bias and/
or reverse causation.

CONCLUSIONS

Type 1 and type 2 diabetes are associated with an excess risk of incidence and
mortality for overall and a number of site-specific cancers, and this is only partially
explained by bias. We suggest that screening for cancers in diabetic patients is
important.
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There is now a large body of evidence
indicating a strong and consistent in-
creased risk of incident cancer associated
with diabetes (1). For type 2 diabetes, the
strength of the association depends on
the specific cancer site, with the strongest
relationships observed for liver and pan-
creatic cancers, followed by endometrial,
postmenopausal breast, colorectal, blad-
der, non-Hodgkin’s lymphoma, and kid-
ney cancer (2). For stomach cancer,
there was an increased risk in a Japanese
population (3), but it is not known if this
extends to other populations, most of
which have a much lower incidence of
stomach cancer. The literature also con-
sistently demonstrates a 10–20% de-
creased risk of prostate cancer among
men with diabetes, due, in part, to the
reduced levels of circulating testoster-
one levels in these individuals (4). For
other, rarer malignancies, the number
of studies is small, and more impor-
tantly, they usually lack adequate power
to reliably explore these associations.
Similarly, for studies of cancer mortality,
positive associations have been shown
for cancers of the pancreas, liver, colon
and rectum, and bladder (5). However
there is little data for mortality of rare
cancer outcomes.
For type 1 diabetes, evidence is lim-

ited and variable. Cohort studies have
shown a 10–37% increased risk for the
incidence of all cancers combined,
whereas case-control studies showed
no association (6). Studies are rarely
large enough to explore site-specific
cancer incidence. However, there is ev-
idence to suggest an increased risk for
cancers of the pancreas, liver, and stom-
ach (6). The evidence of cancer-specific
mortality among type 1 diabetic cohorts
is even more limited.
Hyperglycemia, insulin resistance,

hyperinsulinemia, and the effects of
treatment for diabetes have all been sug-
gested as possible mechanisms for
cancer risk (7). Since insulin resistance
and hyperinsulinemia are much more
prominent in type 2 than type 1 diabe-
tes, although hyperglycemia is more
similar between the two, investigating
both diabetes types may shed light on
the likely mechanistic pathway. It has
also been argued that the observed as-
sociations could be due to biases not
adequately addressed by the majority
of previous studies. Reverse causality is
possible, particularly for pancreatic cancer,

whereby dysfunction in insulin secretion
as a consequence of tumor growth may
be sufficient to induce hyperglycemia
(2). Detection bias might also exist due
to increased disease surveillance among
diabetic patients, particularly in the pe-
riod shortly after diabetes diagnosis (8).
Finally, nonspecific systemic symptoms
from a cancer may lead to earlier detec-
tion of diabetes, which also contributes
to a relative overrepresentation of peo-
ple with undiagnosed cancers among
newly diagnosed diabetic patients.

We used an Australian diabetes regis-
ter to investigate associations of diabe-
tes and cancer. We also explored whether
these estimates are impacted by reverse
causation and detection bias.

RESEARCH DESIGN AND METHODS

Data Sources
The National Diabetes Services Scheme
(NDSS) is an Australian government
initiative established in 1987 to deliver
diabetes-related products at subsidized
prices and provide information to peo-
ple with diabetes. Registration of pa-
tients is free and is completed by a
medical practitioner or credentialed di-
abetes nurse educator. The NDSS cap-
tures 80–90% of all Australians with
known diabetes (9).

We included all individuals with type 1
or type 2 diabetes who were on the
NDSS between 1 January 1997 and 31
December 2008. The year 1997 was cho-
sen as the start date, as this time
followed a unification of state-based
registries as well as an improvement in
data quality. Diabetes type is classified
by the health practitioner completing
registration. However, for the current
study, type 1 diabetes status was as-
signed to registrants whowere classified
as type 1 on the NDSS and were diag-
nosed before the age of 30 years, and
the time between diagnosis date and
date of first insulin use was ,1 year.
For those missing data on date of diag-
nosis (59.1% type 1 diabetes and 36.1%
type 2 diabetes) or insulin initiation date
(many of whom registered in the early
years of the operation of the NDSS and
had had diabetes for a number of years),
we classified people as type 1 if they
were recorded as type 1 on the registry,
were taking insulin, and were registered
at #45 years of age. We chose 45 years
as the cutoff to minimize the number
of people with type 1 diabetes that we

would miss, without misclassifying sig-
nificant numbers of people with type 2
as type 1 (10). All others were classified
as type 2 diabetic.

The Australian Cancer Database (ACD)
is a register of all primary, malignant can-
cers diagnosed in Australia since 1982. It
is a statutory requirement to notify the
registry of all cases of malignant neo-
plasms. Only the first occurrence of a
site-specific cancer is recorded; recur-
rences and metastases are not. All re-
corded cancers were coded according
to the ICD-10.

Data Linkage
The NDSS was linked to the National
Death Index (NDI) and the ACD, using
data up to and including 31 December
2008. NDI and ACD data beyond this
date were not available at the time of
linkage. Linkage was performed by the
Australian Institute of Health and Wel-
fare (AIHW) using first name, second
name, last name, sex, and date of birth
(11). The record linkage methodology
assigns each compared pair of records a
record pair comparison weight. Based on
clerical review of a sample of these links,
it is expected that links with a weighting
of low,medium, and high correspond to a
link accuracy (positive predictive value) of
96.75, 98.97, and 99.90%, respectively.
For this study, we chose amedium cutoff
point with a predictive value of 98.97%
as this has shown to be a reliable cutoff
in other, similar studies (12).

Statistical Analysis
Individuals were followed from 1 Janu-
ary 1997, or registration date if thereaf-
ter, to 31 December 2008, date of death,
and date of event (death or cancer oc-
currence). Incidence of cancer was de-
fined as the first occurrence of cancer, or
death from cancer if that was the first
time the cancer had been reported. For
“overall cancer incidence,” only the first
reported cancer was included. Anyone
with a previous nonfatal cancer diagno-
sis between 1982 and either 1997 or
date of NDSS registration (whichever
was the later) was excluded (n =
33,621). Observed cancer incidence
and mortality rates by single calendar
year, 5-year age-group, and sex were
calculated among people with diabe-
tes, to match the format of the avail-
able cancer incidence and mortality
rates in the general population. Given
that deaths at older ages can be
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difficult to attribute to a single cause,
we only analyzed follow-up until age 75
years.
Cancer incidence and mortality in the

diabetic population was compared with
the general Australian population using
standardized incidence ratio (SIR) and
mortality ratio (SMR), stratified by sex.
The SIR/SMRs were computed by
fitting a Poisson model for the number
of events using the log of the expected
number of events as offset. The ex-
pected number of events was computed
using published cancer incidence and
mortality rates as provided by AIHW.
SIR/SMR estimates for breast cancer
were calculated for total breast cancer
and then stratified by pre- and postmen-
opausal status using age 50 years as a
proxy for menopausal status.
To explore the possibility of detection

bias and reverse causality, we split the
follow-up time (for both incidence and
mortality) into different time periods
following NDSS registration date, at 3,
6, 12, and 24 months, and estimated
separate rate ratios for each of the in-
tervals. Time since NDSS registration
was subdivided into intervals that were
small shortly after diagnosis and longer
later. This was motivated by other stud-
ies (8,13) that have shown a substantial
variation in the hazard ratio by time
since diabetes diagnosis, particularly
shortly after diagnosis. This analysis
was done among the total type 2 dia-
betic population (to increase power)
and for cancers with an adequate num-
ber of outcomes. The number of cancer
outcomes among type 1 diabetes was
too low to split by follow-up time.
All analyses were done using STATA

version 12.1 (StataCorp, College Station,
TX). This study was approved by the
Alfred Health Human Ethics Committee
and the AIHW Ethics Committee.

RESULTS

This study included 953,382 NDSS regis-
trants, 80,676 (8.5%) with type 1 diabe-
tes and 872,706 (91.5%) with type 2
diabetes, whose baseline characteristics
and total cancer outcomes are de-
scribed in Table 1.
Figure 1A shows the overall SIRs for

type 1 diabetes. For all cancers com-
bined, the SIRs (95% CIs) were 1.02
(0.96–1.09) and 1.10 (1.04–1.17) for
males and females, respectively. Among
females, there were significant excess

risks for cancers of the pancreas, liver,
esophagus, colon and rectum, stomach,
thyroid, brain, lung, ovary, and endome-
trium. The SIRs in males were generally
increased for the same cancers, but
fewer were significant, and a decreased
risk for prostate cancer was also ob-
served. For type 2 diabetes, SIRs for all
cancers combined were 1.08 (1.07–
1.09) and 1.22 (1.20–1.23) among males
and females, respectively (Fig. 1B). Sig-
nificant SIRs were observed for all can-
cers, excluding brain, anal (females),
and testicular cancers, and esophageal
cancer (females). Significant decreased
risks were also observed for melanoma
and prostate cancers. The highest ex-
cess risks were observed for cancers of
the liver and pancreas. SIR values for
type 1 and type 2 diabetes are detailed
in Supplementary Tables 1 and 3 (for
total population).

For type 1 diabetes, no significant SIRs
were seen for all breast cancers com-
bined or premenopausal breast cancer
(data not shown). For type 2 diabetes,
significant SIRs were seen for all breast
cancers combined (data not shown) and
postmenopausal breast cancer, but not
premenopausal cancer. As the majority
of breast cancer cases occurred after
menopause, all subsequent results refer
only to postmenopausal breast cancer.

Figure 2A shows overall SMRs for
type 1 diabetes. For all cancers com-
bined, the SMRs (95% CIs) were 1.19
(1.07–1.33) and 1.32 (1.17–1.49) for
males and females, respectively. Signif-
icant SMRs were observed for cancers of
the pancreas and liver, non-Hodgkin’s
lymphoma, and cancers of the kidney
(males only) and brain (females only)
and endometrial cancers. For type 2
diabetes, SMRs for all cancers com-
bined were 1.03 (1.01–1.04) and 1.13
(1.11–1.15) among males and females,

respectively (Fig. 2B). Significant SMRs
were observed for cancers of the pan-
creas, liver, and kidney and Hodgkin’s
lymphoma. Significant SMRs were also
observed for stomach, gallbladder, and
non-Hodgkin’s lymphoma among fe-
males only. SMR estimates are detailed
in Supplementary Tables 2 and 3 (total
population).

To explore the contribution of reverse
causation and detection bias, we calcu-
lated SIRs and SMRs in type 2 diabetes
over time. For SIRs, there was a clear
elevation in risk for all cancer, and
each site-specific cancer within the first
3 months of NDSS registration (Fig. 3A
and Supplementary Table 4). Over time,
excess risks reduced but remained
significantly higher than the general
population for all cancer, pancreas,
liver, colon and rectum, kidney, bladder,
non-Hodgkin’s lymphoma, thyroid,
breast, and endometrial cancers. Addi-
tionally, SIRs for prostate cancer were
elevated in the first 3 months, but
this became a significantly decreased
risk from 12–24 months after NDSS
registration.

For SMRs, there were no differences
in estimates across different time peri-
ods following NDSS registration for all
cancer, non-Hodgkin’s lymphoma, and
prostate and breast cancers (Fig. 3B
and Supplementary Table 5). For kidney,
colon and rectum, bladder, and lung
cancers, point estimates in the early
time periods following NDSS registra-
tion were protective. As time after
NDSS registration increased, SMR esti-
mates approached the null, and for kid-
ney cancer were significantly elevated.
For liver cancer, there was no increased
risk of mortality within 3 months of
NDSS registration, but there was a sta-
ble, elevated SMR from 3 months on-
wards. Last, for thyroid and pancreatic

Table 1—Descriptive characteristics of the NDSS population, 1997–2008

Type 1 diabetes Type 2 diabetes

n 80,676 872,706

Males (%) 52.1 53.2

Median follow-up time (years) 12.0 5.8

Insulin use (%) 100 32.4

Age at diagnosisa 21.6 (11.6, 32.4) 59.5 (50.2, 69.2)

Age at registrationa 27.4 (15.1, 36.6) 60.4 (51.1, 69.7)

Cancer (n) 2,079 70,406

Cancer deaths (n) 593 26,333

aMedian (25th, 75th percentiles).
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cancers, early SMR estimates were high,
and these became lower as time pro-
gressed but remained elevated relative
to the general population.
Separate sensitivity analyses using

NDI cutoffs with linkage rates of 99.9

and 96.75%, and using a cutoff date of
age ,40 years at registration for classi-
fication as type 1 diabetes among those
missing data on age at diagnosis, did not
change the overall pattern of results
(data not shown).

CONCLUSIONS
In this study, we found excess risks of
incidence and mortality for a number
of cancers among both type 1 and
type 2 diabetes, with the highest excess
risks observed for pancreas, liver,

Figure 1—SIRs in males and females with type 1 (A) and type 2 (B) diabetes compared with the general population, 1997–2008.

Figure 2—SMRs in males and females with type 1 (A) and type 2 (B) diabetes compared with the general population, 1997–2008.
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endometrium, kidney, thyroid, chronic
myeloid leukemia, and gallbladder can-
cers. Detection bias and/or reverse cau-
sation appear to explain some, but not
all, of this excess risk, which often re-
mains beyond 2 years after NDSS regis-
tration date.

Comparison With the Literature
Risk estimates for type 1 and type 2 di-
abetes in this study are lower compared
withfindings fromother studies. A registry-
based study in Denmark reported inci-
dent rate ratios for overall cancer of
1.2 and 1.4 for noninsulin and insulin
users, respectively (13). Significant asso-
ciations were also observed in that
study for liver, pancreas, stomach, kid-
ney, colon and rectum, endometrium,
and lymphoma cancers, with rate ratios
in the insulin group generally higher
than the noninsulin group. Our lower
estimates relative to this study may be
attributed to the use of national popu-
lation rates as the comparator (rather
than a nondiabetic population). SIR es-
timates for type 2 diabetes obtained in
our study are also comparable to previ-
ous meta-analyses performed on site-
specific cancer incidence (4,14–20). We
add to the current literature around
type 2 diabetes and cancer incidence
more precise risk estimates for some

of the less common cancers. Our finding
of a reduced risk of prostate cancer in
type 1 diabetes suggests that factors
other than obesity-induced low testos-
terone levels are responsible for the
observation.

For cancermortality outcomes in type
2 diabetes, estimates for all cancer, pan-
creas, liver, and bladder are similar to
previous studies (21–24). We addition-
ally show significant excess risks for
mortality from cancers of the kidney,
stomach, gallbladder, and endome-
trium, non-Hodgkin’s lymphoma, and
Hodgkin’s lymphoma, which have previ-
ously not been shown. This study is one
of the first studies to explore site-specific
cancer mortality in type 1 diabetes. Es-
timates of risk were similar to those for
type 2 diabetes, but fewer individual
cancer types were significant. The lack
of significant findings for type 1 diabetes
and site-specific cancer mortality high-
lights the difficulty in assessing these
relationships given the rarity of both of
these conditions, the potentially long
time lag between diabetes diagnosis
and cancer death, and thus the need
for extremely large cohort studies to ex-
plore these associations. Additionally, it
should be noted that this is one of the
first analyses of diabetes and cancer
mortality whereby incident cancers

were excluded prior to NDSS registra-
tion. Excluding prior incident cancers
helps to disentangle the temporal asso-
ciation between diabetes and cancer in-
cidence (and subsequent mortality).

Few studies to date have addressed
the temporal relations between diabe-
tes and cancer risk. A study by Johnson
et al. (8) in Canada found a substantial
degree of detection bias in the diabetic
population, with elevated rate ratios re-
ported in the first 3 months after diabe-
tes diagnosis for all site-specific cancers,
as did a Danish study (13). We also ob-
served an initial elevated excess risk of
cancer incidence at the time of NDSS
registration, which fell over time but
remained significantly elevated beyond
2 years for all but lung and prostate can-
cer. Even prostate cancer, for which di-
abetes is protective, had an increased
SIR in the first 3 months. The SIRs clearly
point toward increased cancer screen-
ing within the first few months of diabe-
tes diagnosis due to increased medical
attention, subsequently leading to ear-
lier detection of any present and previ-
ously undiagnosed cancer, but also
show the persistence of the relationship
over time.

We noted three patterns of risk when
modeling SMRs over time. The first, for
bladder, lung, and colorectal cancers,

Figure 3—SIR (A) and SMR (B) at each site in the type 2 diabetic cohort compared with the general population, for different time periods following
NDSS registration date.
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showed a protective SMR in the first few
months after NDSS registration, which
then became null over time. The low
mortality risk in the first 3 months sug-
gests either that diabetes diagnosis im-
proves short-term cancer survival or
that people with advanced cancer are
less likely to appear on the NDSS. The
latter is much more likely and could be
due to weight loss reducing diabetes in-
cidence or to a reluctance to diagnose
diabetes or register a patient on the
NDSS if the cancer is very advanced.
The second pattern, observed for kidney,
breast, endometrium, and non-Hodgkin’s
lymphoma, showed no difference in SMR
estimates over time. Persisting elevation
of SIR, but without an accompanying
increase in SMR, suggests increased
screening (detection bias) in people
with diabetes. The failure of screening
to translate into reduced mortality could
be due to a lack of benefit of screening or
to an offset of the benefits of screening
by poorer responses to therapy (25) or
by a real increase in incidence. Third, for
pancreas, thyroid, and liver cancers, SMRs
fell over time but remained elevated be-
yond 2 years for liver and pancreatic can-
cer, suggesting reverse causality only
explains some of the relationship and
that type 2 diabetes is a genuine risk
factor for these two cancers. The varying
relationships between SIR and SMR
across cancers over time indicate a com-
plex interplay of real effects of diabetes
on cancer, detection bias, reverse causal-
ity, and cancer treatment factors.
Last, we show that the magnitudes of

excess risk for type 1 and type 2 diabetes
are generally similar, with overlapping
95% CIs; albeit fewer outcomes are
significant for type 1 diabetes, most
likely due to limited power. Given the
different etiologies of these diseases
with respect to insulin availability, if hy-
perinsulinemia was the driving force be-
tween diabetes and cancer, we would
expect our results to be moderated by
diabetes type. Our results, instead, sup-
port the concept that hyperglycemia,
found in both type 1 and type 2 dia-
betes, may be the mechanistic driver
between diabetes and cancer. Hypergly-
cemia can induce DNA damage (26),
downregulate expression of antioxi-
dants (27), and increase reactive oxygen
species generation (28). Although bio-
logically plausible, results from epidemi-
ological studies are conflicting. The

“hyperglycemia hypothesis” is sup-
ported by large inception cohort studies
that demonstrate a strong relationship
between elevated blood glucose and
cancer incidence or mortality (24,29–
31). However, a recent meta-analysis
reported a nonsignificant pooled risk ra-
tio for cancer incidence of 0.91 (95% CI
0.79–1.05) for subjects with improved
glycemic control across three trials,
compared with those in the control
arms of the studies, suggesting that
improved glycemic control does not
confer a reduced risk of cancer among di-
abetic patients (32). Several other key
mechanisms linking diabetes and cancer
include poor diet, physical inactivity (33),
genetic predisposition (34), and possibly
some diabetes treatments, such as insulin
(35). Information on these possibly modi-
fying factors is not available for the entire
population, and since this is a population-
based study, the influence of these factors
could not be explored further.

Strengths and Limitations
The main strength of this study is that it
is population based with a large sample
size, long follow-up time, and the ability
to distinguish between type 1 and type 2
diabetes. There are several limitations,
however, that should be acknowledged.
First, the NDSS is an administrative da-
tabase and hence lacks precise informa-
tion about type of diabetes for all
registrants. The classification of diabe-
tes is challenging and misclassification
can occur. However, the proportions of
type 1 and type 2 diabetes in this study
(8.5 vs. 91.5%) are similar to other Aus-
tralian data (36). Further, the propor-
tion of type 2 diabetes who were also
on insulin is consistent with other stud-
ies (37). Second, the NDSS does not
include undiagnosed diabetes, and
the NDSS may underrepresent diet-
controlled diabetes as the diabetes-
related products provided through the
scheme may not be needed. Third, the
large sample size in this study enabled
us to stratify results by sex, numerous
cancer sites, andmultiple time periods.
By conducting multiple analyses on the
same dataset, we have of course in-
creased the possibility of chance find-
ings if we were only using P values as
guiding principle. Last, in a population-
wide study, it is not possible to explore
the extent to which obesity, smoking,
socioeconomic position, family history of

cancer, and/or pharmaceutical treat-
ments contributed to the observed as-
sociation between diabetes and cancer.
However, studies based on cohorts with
detailed information on type 2 diabetes
that were able to account for obesity,
lifestyle-related factors, and diabetes
treatment have still observed elevated
risks for a number of cancers (38,39).
Therefore, it is unlikely that these fac-
tors explain the entire association be-
tween diabetes and cancer.

Conclusion
Using one of the largest diabetes regis-
tries in the world, we show that both
type 1 and type 2 diabetes are associ-
ated with an excess risk of incidence and
mortality for overall and a number of
site-specific cancers. Detection bias
and reverse causality may partly explain
the stark increase in risk of cancer im-
mediately following diabetes diagno-
sis, but they do not explain increased
risks .2 years following diabetes diag-
nosis, particularly for cancers of the pan-
creas, liver, kidney, and endometrium.
We suggest future analyses on type 2
diabetes and cancer should account
for the presence of detection bias and re-
verse causation, particularly in the first 3
months after diabetesdiagnosis. Screening
for cancers, according to standard proto-
cols for the general population, in diabetic
patients should be emphasized in clinical
practice, as early detection is key to pre-
venting premature mortality.
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Erratum

Cancer Risk Among People With Type 1 and Type 2 Diabetes:
Disentangling True Associations, Detection Bias, and Reverse Causation.
Diabetes Care 2015;38:264–270

DOI: 10.2337/dc15-er04a

The authors of the article cited above noticed an error in the way they had described
their definitions of type 1 and type 2 diabetes in the RESEARCH DESIGN AND METHODS

section.

The description as published is as follows:

Diabetes type is classified by the health practitioner completing registration.

However, for the current study, type 1 diabetes status was assigned to registrants

who were classified as type 1 on the NDSS and were diagnosed before the age of 30

years, and the time between diagnosis date and date of first insulin use was,1 year.

For those missing data on date of diagnosis (59.1% type 1 diabetes and 36.1% type 2

diabetes) or insulin initiation date (many of whom registered in the early years of the

operation of the NDSS and had had diabetes for a number of years), we classified

people as type 1 if they were recorded as type 1 on the registry, were taking insulin,

and were registered at#45 years of age. We chose 45 years as the cutoff to minimize

the number of people with type 1 diabetes that wewouldmiss, withoutmisclassifying

significant numbers of people with type 2 as type 1 [Kenny et al., 1995]. All others

were classified as type 2 diabetic.

Amended description is as follows:

Diabetes type is classified by the health practitioner completing registration.

However, for the current study, type 1 diabetes status was assigned to registrants

who were recorded as type 1 on the NDSS registry, were registered at,45 years of

age, and were taking insulin. Registration date was used as a proxy for diagnosis date

as a large proportion of registrants (59.1%with type 1 diabetes and 36.1%with type 2

diabetes) were missing date of diagnosis, many of whom registered in the early years

of the operation of the NDSS and had had diabetes for a number of years. We chose

45 years as the cutoff to minimize the number of people with type 1 diabetes that we

wouldmiss, withoutmisclassifying significant numbers of people with type 2 diabetes

as type 1 diabetes [Kenny et al., 1995]. In addition, registrants who were recorded as

having type 2 diabetes on the registry, were diagnosed before the age of 30 years, and

were taking insulin within 1 year of diagnosis date were reclassified as having type 1

diabetes. All others were classified as having type 2 diabetes.

Had the authors analyzed the data according to how the definition reads in the
article, they would have excluded approximately 13% of those with type 1 diabetes.
These patients were all insulin treated and were all registered on the NDSS before
the age of 45 years, and the majority were registered with the NDSS in the early
years of its existence and therefore did not have an age at diagnosis available. The
authors believe that the most appropriate classification of these patients is type 1
diabetes and that the published results, in which they were classified as type 1
diabetes, are therefore the appropriate ones. Nevertheless, the authors have ex-
amined the effect of differential coding by conducting some analyses using both the
method that appeared in the RESEARCH DESIGN AND METHODS section and the amended
method. These results and comparisons are shown in Supplementary Tables 1a and

Jessica L. Harding, Jonathan E. Shaw,

Anna Peeters, Bendix Cartensen, and

Dianna J. Magliano

734 Diabetes Care Volume 38, April 2015



Chapter 492

2a. Standardized incidence ratios (SIRs) for type 1 and type 2 diabetes in men and
women combined are presented in Supplementary Table 1a and in men and women
separately are presented in Supplementary Table 2a. The authors observed a mag-
nitude of difference between the two versions of results of less than 10% for type 1
diabetes and even less for type 2 diabetes, with overlapping 95% CIs. Stratified by
sex, these differences are larger, probably driven by the small number of some
cancers in the population with the type 1 diabetes.
Changing the description of the definition does not require any change to the

results.

care.diabetesjournals.org Erratum 735
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CHAPTER 5 

The Metabolic Syndrome and Cancer: Is the Metabolic Syndrome Useful 
for Predicting Cancer Risk Above and Beyond Its Individual Components?

Diabetes is one of the most common, non-communicable diseases worldwide and undoubtedly one of the most 

challenging health problems of the 21st century. The metabolic syndrome (MetS) is also increasing worldwide 

with an estimated prevalence of approximately 20–25%. The MetS and diabetes are tightly connected insofar 

as they share common risk factors, namely increased body weight and insulin resistance. The MetS is also 

associated with a 3- to 4-fold increased risk for type 2 diabetes and the majority of people with type 2 diabetes 

also have the MetS. Chapters 3–4 provided evidence to support that diabetes is indeed a risk factor for cancer. 

Given the similar disease aetiologies between diabetes and the MetS, it is plausible that the MetS may also be 

a risk factor for cancer. 

Emerging evidence supports an association between the MetS, individual components of the MetS and some 

cancers. However, it remains to be elucidated if factors within the MetS act in synergy on the risk of cancer or if 

individual components are driving observed associations. This Chapter reports the risks for overall, colorectal, 

breast and prostate cancer associated with components of the MetS, both separately and jointly. In addition, 

the utility of the MetS as a tool for predicting future cancer is determined. This work was published in Diabetes 

and Metabolism in May 2015.

Findings reported in this Chapter suggest that those with fi ve components of the MetS are at an increased risk 

for overall and colorectal cancers and these associations appear to be driven largely by central obesity and 

elevated blood pressure (BP). However, discriminatory analyses suggest that the MetS is, at best, a moderate 

predictor of cancer risk and should not be considered for use in a clinical setting as a useful means to assess an 

individual’s risk of developing overall, colorectal, breast or prostate cancer. Indeed, we show that the MetS is not 

a useful tool over and above standard considerations such as age, sex and smoking status in predicting cancer 

risk. The role of obesity and elevated BP are discussed in greater detail in Chapters 6.1 and 6.2, respectively.  
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Abstract

Aims.  – The metabolic syndrome (MetS) is a risk factor for cancer. However, it is not known if the MetS confers a greater cancer risk than the
sum of its individual components, which components drive the association, or if the MetS predicts future cancer risk.

Materials and  methods.  –  We linked 20,648 participants from the Australian and New Zealand Diabetes and Cancer Collaboration with complete
data on the MetS to national cancer registries and used Cox proportional hazards models to estimate associations of the MetS, the number of
positive MetS components, and each of the five MetS components separately with the risk for overall, colorectal, prostate and breast cancer. Hazard
ratios (HR) and 95% confidence intervals (95%CI) are reported. We assessed predictive ability of the MetS using Harrell’s c-statistic.

Results. –  The MetS was inversely associated with prostate cancer (HR 0.85; 95% CI 0.72-0.99). We found no evidence of an association between
the MetS overall, colorectal and breast cancers. For those with five positive MetS components the HR was 1.12 (1.02-1.48) and 2.07 (1.26-3.39) for
overall, and colorectal cancer, respectively, compared with those with zero positive MetS components. Greater waist circumference (WC) (1.38;
1.13-1.70) and elevated blood pressure (1.29; 1.01-1.64) were associated with colorectal cancer. Elevated WC and triglycerides were (inversely)
associated with prostate cancer. MetS models were only poor to moderate discriminators for all cancer outcomes.

∗ Corresponding author. Level 4, 99 Commercial Road, Melbourne, VIC, Australia, 3004. Tel.: +61 3853 21582; fax: +61 3853 21100.

1 Joint authorship.

http://dx.doi.org/10.1016/j.diabet.2015.04.006
1262-3636/© 2015 Elsevier Masson SAS. All rights reserved.
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Conclusions.  –  We show that the MetS is (inversely) associated with prostate cancer, but is not associated with overall, colorectal or breast cancer.
Although, persons with five positive components of the MetS are at a 1.2 and 2.1 increased risk for overall and colorectal cancer, respectively, and
these associations appear to be driven, largely, by elevated WC and BP. We also demonstrate that the MetS is only a moderate discriminator of
cancer risk.
© 2015 Elsevier Masson SAS. All rights reserved.

Keywords: Cancer; Epidemiology; Metabolic syndrome; Prediction

1.  Background

The metabolic syndrome (MetS) is defined by a group of
metabolic risk factors that have a tendency to cluster together in
one individual-obesity (particularly central obesity), hyperten-
sion, dyslipidaemia and insulin resistance [1,2]. These factors,
separately and jointly, have been associated with several chronic
diseases, in particular cardiovascular disease (CVD) [3] and type
2 diabetes [4]. There is emerging evidence that the MetS may
also be important in the development of some cancers [5].

A recent meta-analysis reported that the MetS is asso-
ciated with low to modest increased risks for colorectal,
post-menopausal breast, bladder, pancreas, endometrium and
liver cancers [5], but for prostate cancer, evidence is conflicting.
Some studies report an increased risk [6], others report a
decreased risk [7], and others report no association with the
MetS [5]. Mechanisms linking the MetS and cancer are not well
understood. The association may partially be explained by the
presence of obesity, and overt hyperglycaemia, both of which
have been repeatedly associated with increased risks for some
common cancers and a decreased risk for prostate cancer [8,9].
There is also some evidence to suggest that elevated blood pres-
sure (BP) is associated with an increased cancer risk [10] while
high-density lipoprotein (HDL) cholesterol has been shown to
have an inverse association with cancer [11]. It is not yet known
whether the strength of the association between the MetS and
cancer is greater than the sum of its individual components,
which individual components may be driving this association,
or whether the MetS is a useful predictor of future cancer risk.

Using a large pool of prospective studies, we report the risks
for overall, and the three most common site-specific cancers,
colorectal, prostate and breast cancer associated with the com-
ponents of the MetS, both separately and jointly. We additionally
investigate whether the MetS is a useful measure for discrimi-
nating cancer risk.

2.  Methods

2.1.  Study  population

The Australian and New Zealand Diabetes and Cancer
Collaboration (ANZDCC) is a pooled cohort comprising 18
prospective studies in Australia and New Zealand with data
on 153,025 men and women. All included cohorts were com-
prised of adults, except Fremantle Diabetes Study (FDS), a
diabetes cohort, which also included some adolescents with type

1 diabetes. Details of sampling procedures, study designs, and
methods for each of the studies have been described [12]. In
brief, investigators of cohort studies conducted in the region
from 1983 onwards with data on diabetes and the MetS, and
with a minimum sample size of 1000 were invited to participate
in the ANZDCC study. For the current analysis, we included
studies that had collected data on all five MetS components in
order to determine MetS status (five cohorts; n = 59,630). We fur-
ther excluded participants with missing data on any of the five
MetS components (n  = 37,392); a cancer diagnosis prior to their
baseline date (n = 905); and missing data on smoking and educa-
tion status (n  = 305). A total of 20,468 participants (men = 9437;
women = 11,031) with complete data were included in the final
data analysis.

2.2.  Data  linkage

The ANZDCC cohort was linked to the Australian Cancer
Database (ACD), a register of all primary, malignant cancers
diagnosed in Australia since 1982, and the  National  Death
Index (NDI). Linkage was performed by the Australian Insti-
tute of Health and Welfare (AIHW) and the Western Australian
Data Linkage Unit (FDS only) using first name, second name,
last name, gender, and date of birth [13]. Cancer status of
the cohort was determined until 31 December 2008 for the
Australian Diabetes Obesity and Lifestyle Study (AusDiab),
Crossroads Undiagnosed Disease Study (CUDS) and the North
West Adealaide Health Study (NWAHS); 31 August 2010 for the
Melbourne Collaborative Cohort Study (MCCS); and 31 Octo-
ber 2012 for FDS. We set a match link rate of 97.70% (true
matches/correct links) with link accuracy of 97.92% (1.08%
expected to be false positive links). Twenty-seven percent of
links underwent clerical review, performed by AIHW. This
match link rate has shown to be a reliable cut-off in similar
studies [14]. Cancer was defined using the International Clas-
sification of Disease 10th Revision (ICD-10) codes as follows:
overall cancer (C00-C97, D45-D46, D47.1, D47.3); colorectal
(C18-C20); prostate (C61); breast (C50).

2.3. Definition  of covariates

All participants were measured for weight, height, waist
circumference (WC), BP, fasting plasma glucose, serum HDL
cholesterol and triglycerides by trained staff adhering to stan-
dardised protocols at baseline. Information on education and
smoking status was collected by questionnaires. These risk
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Table 1
Criteria for a diagnosis of the metabolic syndrome.

Component Cut-off points

Any three of
Elevated waist
circumference

Europid: men ≥ 94 cm; women: ≥ 80 cm

South Asian and Chinese: men ≥90 cm;
women ≥80 cm
Japanese: men ≥90 cm; women ≥80 cm
OR Body Mass Index ≥ 30 kg/m2

Raised triglycerides ≥1.7 mmol/L
Reduced HDL-C Men: <1.0 mmol/L; women: <1.3 mmol/L
Raised blood pressure Systolic ≥ 130 and/or diastolic ≥ 85 mmHg

or antihypertensive therapy (self-report)
Raised fasting plasma
glucose

≥5.6 mmol/L or previously diagnosed
diabetes (defined by self-report or
anti-hyperglycaemic medication)

factors were harmonized across studies to reflect common
categories as follows: smoking (current smoker, ex-smoker,
never-smoker; education [high school or lower, above high
school]).

2.4.  Definition  of  the metabolic  syndrome

The MetS was defined according to the current harmonized
definition, Table 1 [2].

2.5.  Statistical  analysis

Individuals were followed from baseline date to census date
of data linkage, date of death or date of cancer diagnosis,
whichever occurred first. Incidence of cancer was defined as the
first occurrence of cancer or death from cancer if that was the
first time the cancer had been reported. For site-specific cancers,
individuals with a diagnosis of a cancer at a site other than the
one under consideration were censored at their date of diagnosis.

Differences in baseline characteristics were assessed using
Pearson’s Chi2 test for proportions, Student’s t-test for means
from approximately continuous distributions and Wilcoxon’s
rank sum test for skewed data. Heterogeneity of studies was
assessed by conducting a meta-analysis using a random effects
model and statistical heterogeneity was estimated by the I2 statis-
tic [15]. Cox proportional hazards models were used to compute
hazard ratios (HRs) and 95% confidence intervals (95%CI) of
cancer incidence associated with the MetS, the number of pos-
itive components of the MetS and the five component elements
of the MetS. Proportional hazards assumptions were satisfied as
assessed with graphs of log-log plots of the relative hazards by
time for discrete variables and by scaled Schoenfeld residuals.
All models were adjusted for sex, smoking, education and study
cohort with age as the time scale. Sensitivity analyses were per-
formed excluding the first two years of follow up, and excluding
FDS.

To ascertain the best predictor of cancer incidence, we
assessed the predictive capacity (discrimination) of models
using Harrell’s c-statistic. The models considered were: age and
sex; MetS; the number of positive components for MetS; all

individual MetS components in continuous form: all individual
MetS components according to cut-offs. The c-statistic estimates
the probability of concordance between predicted risk and the
observed order of events from a randomly selected pair of par-
ticipants while accounting for censored data [20]. A score of
1.0 indicates perfect discrimination and 0.5 indicates poor dis-
crimination. The c-statistic and 95% CI’s from each model were
estimated and compared with the MetS model using the somersd
package and lincom commands, respectively, in STATA (version
12.1, (StataCorp, College Station, TX, USA), as described else-
where [16]. All models were adjusted for age and sex using
follow-up time as the time scale.

This study was approved by the Alfred Health Human
Research Ethics Committee (HREC), the Australian Institute for
Health and Welfare HREC and the Western Australian Depart-
ment of Health HREC.

3.  Results

Those included in the MetS analysis (n = 20,468) were
younger, less likely to be current smokers and had attained
a higher level of education compared with those who were
excluded (n = 132,557) (Table S1; see supplementary mate-
rial associated with this article online). Over a median follow-up
of 8.5 years 2827, 468, 651 and 549 cancers were identified
for overall, colorectal, prostate and breast cancer, respectively.
Baseline characteristics of the study population, by cancer and
MetS status, are shown in Table 2. In brief, those who developed
cancer were more likely to be men, older, less likely to be never
smokers and have completed high school and more likely to
manifest the MetS and its components, excluding triglycerides,
compared with those who did not develop cancer. Similar pat-
terns were observed among those with a diagnosis of the MetS
as compared with those who did not have the MetS at baseline.

Information on the MetS and its components, by study,
are shown in Table S2; see supplementary material associ-
ated with this article online. Similar proportions of participants
with positive MetS components were observed across cohorts,
except for FDS, a sample of people with diabetes, for which pro-
portions were higher. No significant heterogeneity across studies
was found (I2 = 12.6%).

Overall, the MetS was not associated with an increased risk of
overall, or breast cancer, Table 3, and there was a non-significant
borderline association with colorectal cancer, P = 0.067. Asso-
ciations for overall and colorectal cancer were similar in men
and women. A reduction in risk of prostate cancer was observed
for the MetS (HR 0.85, 95% CI: 0.72-0.99). The HRs rose as
the number of positive components rose, such that those with
five positive MetS components were 1.12 (1.02-1.48) and 2.07
(1.26-3.39) times more likely to develop overall, and colorec-
tal cancers, respectively, compared with those with no positive
MetS components, Ptrend = 0.275 and Ptrend = 0.006 for overall
and colorectal cancer, respectively (Fig. 1). There was an inverse
association between the number of MetS components present
and incident prostate cancer risk (Ptrend = 0.005). No significant
relationship with breast cancer was observed for the number of
MetS components. Excluding the first two years of follow up
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Table 2
Baseline characteristics of participants according to cancer status and metabolic syndrome (MetS) status.

Cancer status Metabolic syndrome status

Cancer No cancer P-value MetS No MetS P-value

n 2827 17,641 7923 12,545
Men  (%) 53.8 44.9 <0.001 53.4 41.5 <0.001
Mean  age 61.1 (10.7) 51.3 (14.2) <0.001 57.6 (12.7) 49.5 (14.1) <0.001
Age  range 14–91 11–96
Education

High school or lower 71.6 62.5 <0.001 71.4 59.0 <0.001
Above high school 28.4 37.5 28.6 41.0

Smoking
Never smoker 49.9 52.9 <0.001 47.6 55.6 <0.001
Ex-smoker 37.4 30.1 36.1 27.9
Current smoker 12.7 17.0 16.3 16.4

Metabolic  syndrome variables
Metabolic syndrome 47.7 37.3 <0.001
WC (high risk) 64.8 62.8 0.043 93.3 44.0 <0.001
FPG (high risk) 47.6 32.2 <0.001 67.6 13.3 <0.001
BP (high risk) 73.6 51.7 <0.001 84.3 36.0 <0.001
HDL (high risk) 31.2 28.4 0.002 57.0 10.9 <0.001
TRIG (high risk) 31.0 29.9 0.240 64.0 8.7 <0.001
WC (men) (cm) 98.0 (11.3) 97.6 (11.9) 0.243 103.9 (10.4) 92.6 (10.3) <0.001
WC (women) (cm) 86.0 (13.7) 86.4 (14.0) 0.316 96.7 (12.3) 81.2 (11.6) <0.001
FPG (mmol/L) 6.1 (1.9) 5.7 (1.7) <0.001 6.6 (2.3) 5.3 (1.0) <0.001
Systolic BP (mmHg) 140.8 (21.0) 130.8 (20.1) <0.001 142.5 (19.7) 125.7 (18.2) <0.001
Diastolic BP (mmHg) 77.0 (12.2) 73.6 (12.2) <0.001 78.7 (12.0) 71.2 (11.5) <0.001
HDL cholesterol (mmol/L) 1.3 (0.4) 1.4 (0.4) <0.001 1.2 (0.3) 1.5 (0.4) <0.001
TRIG (mmol/L)a 1.3 (0.9, 1.9) 1.2 (0.9, 1.8) <0.001 1.9 (1.4, 2.6) 1.0 (0.8, 1.3) <0.001

Data are means (SD) or proportions.
WC: waist circumference; FPG: fasting plasma glucose; BP: blood pressure; HDL: high-density lipoproteins; Trig: triglycerides. Cut-off points for high risk by MetS
component are detailed in Table 1.

a Median (25th, 75th percentile).

and excluding FDS had little effect on the magnitude of HR
estimates (data not shown).

Of the five MetS components, WC was associated with an
increased risk for colorectal cancer (1.38, 1.13-1.69) that was
stronger in men (1.58, 1.19-2.10) compared with women (1.22,
0.91-1.65) and a decreased risk for prostate cancer 0.77 (0.66-
0.91) (Table 4). Elevated BP was associated with an increased
risk for overall cancer in men only (1.16, 1.02-1.33). Elevated BP
was also associated with an increased risk for colorectal cancer
(1.29, 1.01-1.64) with HRs higher for men than women, 1.38
vs 1.24, though analyses by sex were non-significant. Elevated

triglycerides were protective against prostate cancer (0.78, 0.66-
0.93) and elevated FPG and low HDL were not associated with
any of the cancers.

C-statistics comparing prediction models were similarly
moderate across all models for overall, colorectal, prostate
and breast cancers with c-statistics ranging from 0.60 to
0.76 (Table 5). Models of age and sex had greater discrim-
inative ability than the MetS for overall cancer, P = 0.027
(Table S3; see supplementary material associated with this arti-
cle online). Models using the number of positive MetS
components performed better than the MetS for the prediction

Fig. 1. Hazard ratios for cancer, with 95% confidence intervals, by the number of positive components of the metabolic syndrome. *Significant linear trend, P < 0.05.
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Table 3
Hazards ratios (HR) and 95% confidence intervals (95%CI) of the association
between the metabolic syndrome and cancer.

n  events Person-years HR (95%CI)*

All cancer (total) 2827 187,794 1.01 (0.94–1.10)
All cancer (men) 1520 85,669 1.05 (0.94–1.16)
All cancer (women) 1307 103,125 1.03 (0.92–1.17)

Colorectal (total) 468 187,620 1.20 (0.99–1.45)
Colorectal (men) 242 84,609 1.22 (0.94–1.59)
Colorectal (women) 226 103,011 1.20 (0.91–1.60)

Prostate 651 84,582 0.85 (0.72–0.99)
Breast 549 102,992 1.00 (0.83–1.20)

*Model adjusted for sex (in models of total population), smoking, education and
study name with age as the time scale.

of prostate and breast cancers, and models of all MetS compo-
nents in continuous form and as cut-offs performed better than
the MetS for the prediction of prostate cancer.

4.  Discussion

Using a large pooled cohort of Australian adults, we show
that the MetS is inversely associated with prostate cancer, but is
not associated with overall, colorectal or breast cancer. Individ-
uals who manifest all five components of the MetS are at a 1.2
and 2.1 times increased risk for overall and colorectal cancer,
respectively, compared with those who have none. Elevated WC
and BP are associated with a 1.4 and 1.3 times increased risk
for colorectal cancer, respectively, and elevated WC and trigly-
cerides are associated with decreased risks for prostate cancer.
FPG was not associated with an increased risk for any cancer
outcome. In discriminatory analysis, we show that all models

were moderate discriminators but there was no clear driver for
prediction of cancer.

4.1.  Comparisons  with  literature

Our null findings of an association between the MetS and
overall, breast and colorectal cancer were unexpected. For colo-
rectal cancer, our risk estimates of 1.22 (0.94-1.59) for men and
1.20 (0.91-1.60)for women is similar to those published in the
meta-analysis by Esposito et al. which estimated a 1.25 (1.19-
1.32) and 1.34 (1.09-1.64) increased risk for men and women,
respectively, with MetS defined in various ways, compared with
those without MetS [5]. Our borderline non-significant finding
might be due to the limited power in our study sample or a real
null finding. The same meta-analyses concluded that women
with MetS also have a 52% increased risk of post-menopausal
breast cancer, but no association with total breast cancer [5]. For
the current study, we combined pre-and post menopausal breast
cancer as effect estimates between pre-and post menopausal
breast cancer were not materially different (data not shown).
The lack of significant findings here may be explained by a rel-
atively young age of women at baseline with a mean age of 52
years. Previous studies have also shown no association between
the MetS and breast cancer in middle-aged women, unless the
MetS has been present for three to five years (HR 1.84, 95% CI
1.12-3.01) [17]. This suggests that the MetS may take time to
manifest any deleterious effects on breast cancer development.
For prostate cancer, we confirm previous studies that have shown
the MetS to be protective such that men with MetS are approxi-
mately 15-25% less likely to develop prostate cancer compared
with men without the MetS [7]. This is thought to be due to

Table 4
Hazards ratios (HR) and 95% confidence intervals (CI) for the association between individual components of the metabolic syndrome and cancer.

n Person-years WC FPG BP HDL Trig

All cancer (total) 2827 187,794 1.02 (0.94–1.10) 1.00 (0.92–1.08) 1.07 (0.98–1.17) 1.06 (0.98–1.15) 1.00 (0.92–1.09)
All cancer (men) 1520 84,669 1.05 (0.95–1.18) 1.01 (0.90–1.12) 1.16 (1.02–1.33) 1.07 (0.95–1.19) 1.02 (0.91–1.13)
All cancer (women) 1307 103,124 1.03 (0.91–1.16) 1.02 (0.90–1.16) 1.06 (0.93–1.21) 1.07 (0.95–1.21) 1.06 (0.93–1.20)

Colorectal (total) 468 20,468 1.38 (1.13–1.70) 1.01 (0.83–1.24) 1.29 (1.01–1.64) 1.19 (0.97–1.45) 1.09 (0.89–1.34)
Colorectal (men) 242 84,609 1.58 (1.19–2.10) 0.86 (0.65–1.13) 1.38 (0.96–1.99) 1.13 (0.85–1.48) 1.18 (0.90–1.54)
Colorectal (women) 226 103,011 1.22(0.91–1.65) 1.24 (0.93–1.64) 1.24 (0.89–1.73) 1.29 (0.97–1.72) 1.01 (0.74–1.39)

Prostate 651 84,582 0.77 (0.66–0.91) 0.91 (0.79–1.04) 1.05 (0.88–1.25) 0.89 (0.76–1.04) 0.78 (0.66–0.93)
Breast 549 102,992 1.00 (0.84–1.20) 0.91 (0.75–1.11) 1.03 (0.86–1.25) 0.89 (0.73–1.09) 0.97 (0.78–1.21)

WC: waist circumference; FPG: fasting plasma glucose; BP: blood pressure; HDL: high-density lipoprotein cholesterol; Trig: triglycerides.
Effect estimates adjusted for sex (in models of total population) smoking and education with age as the timescale. HRs compare those at high risk for each component,
compared with those not at high risk.

Table 5
Discrimination of cancer for five prediction models.

Harrell’s c statistic (95% CI)

Metabolic Syndrome Age and sex Continuous MetS components Number of MetS components Component cut-offs

All cancer 0.69 (0.69–0.71) 0.70 (0.69–0.71)a 0.70 (0.69–0.71) 0.70 (0.69–0.71) 0.70 (0.69–0.71)
Colorectal 0.75 (0.73–0.77) 0.75 (0.73–0.77) 0.75 (0.73–0.76) 0.75 (0.73–0.77) 0.75 (0.73–0.77)
Prostate 0.76 (0.74–0.77) 0.75 (0.74–0.77)b 0.76 (0.75–0.78)a 0.76 (0.75–0.77)a 0.76 (0.75–0.78)a

Breast 0.61 (0.59–0.63) 0.60 (0.58–0.62)b 0.60 (0.58–0.62) 0.62(0.60–0.64)a 0.60 (0.58–0.62)

a c-statistics significantly greater than MetS model, determined by estimating the differences in c-statistics, P < 0.05 (Supplementary Table 3).
b MetS better. All MetS models adjusted for age and sex.



Chapter 5106

Please cite this article in press as: Harding J, et al. The metabolic syndrome and cancer: Is the metabolic syndrome useful for predicting cancer
risk above and beyond its individual components? Diabetes Metab (2015), http://dx.doi.org/10.1016/j.diabet.2015.04.006

ARTICLE IN PRESS+Model
DIABET-697; No. of Pages 7

6 J. Harding et al. / Diabetes &  Metabolism xxx (2015) xxx–xxx

lower levels of circulating testosterone in overweight or obese
men [18]. Future studies should explore these relationships by
cancer grade as obese men are at a higher risk for more aggressive
prostate cancers on diagnosis [19].

Mechanisms linking the MetS and cancer are not well under-
stood. In this study, we have shown that high WC, a marker
of visceral adiposity, is strongly associated with an increased
risk for colorectal cancer. Visceral adiposity is an established
risk factor for cancer, resulting in a chronic low-grade inflam-
matory state, which contributes to production of inflammatory
cytokines [20]. We have also shown that BP is associated with
colorectal cancer risk. High BP has shown to be associated with
cancer by some studies [21] but data are conflicting. The Physi-
cian’s Health Study showed that BP was not associated with an
increased risk for colorectal cancer, though obesity and diabetes
were [22]. It is possible that the association between high BP and
cancer may, in part, be due to reverse causality whereby cancer
gives rise to high BP [10]. But in our study, we excluded the first
two years of follow-up and this did not materially change our
results. The other key component thought to drive the association
between the MetS and cancer is insulin resistance whereby levels
of insulin-like growth factors (IGF) are influenced by circulat-
ing insulin levels. Increasing insulin leads to decreased levels of
IGF-binding proteins 1 and 2, thus increasing the bioavailability
of IGF, which in turn is thought to promote cell cycle progression
and inhibition of apoptosis [23]. Unexpectedly, hyperglycaemia
was not associated with overall, colorectal, breast or prostate
cancers in our study. This may be because insulin resistance is
more strongly associated with cancers of the pancreas, liver and
endometrium, for which we were underpowered to investigate.

The utility of the MetS as a marker for future disease risk has
been questioned in recent years. Commonly, the MetS has been
a useful tool for predicting risk of CVD and type 2 diabetes.
As the MetS is associated with cancer it seems intuitive that the
MetS could also be used to predict an individual’s risk of future
cancer. On the other hand, studies of CVD have shown that while
the MetS is strongly associated with increased risks for CVD, it
is not a strong discriminator of CVD and therefore is not good
at ranking people in terms of a future cardiovascular event [24].
To our knowledge, we are the first group to explore the utility
of the MetS as a discriminator of cancer risk. Here, we find that
the MetS is not a useful way of deciding who is or is not likely
to get cancer. While people with the MetS are at a greater risk
for certain cancers, the MetS is not likely to be a useful tool for
predicting cancer risk in a clinical setting.

4.2. Strengths  and weaknesses

Our study combined data from five large Australian
population-based studies to investigate the association between
MetS, individuals MetS components and risk of some common
cancers. While studies have investigated the discriminative abil-
ity of MetS for CVD [24] this is the first time it has been assessed
in terms of cancer risk. There are several limitations to this study
that should be acknowledged. First, a large proportion of the
ANZDCC population was excluded due to missing data on one
or more of the MetS component variables. We assessed selection

bias across a range of demographics and showed that those who
were included in the study were more likely to be younger, never
smokers and better educated than those who were not included.
This may, therefore, limit the generalizability of our results.
Second, because of our strict inclusion criteria that excluded
any participant with missing data, it is possible that we were
underpowered to detect true associations between the MetS and
cancer, should they exist, and therefore increased our chance of
type II errors. Third, the diagnosis of MetS was made on the
basis of a single measure at a cross-sectional time point. It is
possible, however, that the trajectory of MetS components, such
as anthropometric measures and the duration of abnormalities,
may influence cancer risk over time. Last, this is a pooled collab-
orative analysis and even though we did have lifestyle data such
as physical activity and diet in some studies, these data were
collected too differently across studies to derive sensible har-
monized categories. Therefore, we could not further adjust our
analyses for potential confounding effects of physical activity,
diet and alcohol in a meaningful way.

5. Conclusions

This large pooled collaborative study has shown that the MetS
is associated with a decreased risk for prostate cancer but is not
associated with an increased risk for overall, colorectal or breast
cancer. We have shown that those with five positive components
of MetS are at a 1.2 and 2.1-fold increased risk for overall and
colorectal cancer, respectively, and these associations appear to
be driven, largely, by elevated WC and BP. We have also demon-
strated that the MetS is only a moderate predictor of cancer risk
and, thus, do not present strong evidence for the use of MetS
in a clinical setting as a useful means for assessing an indi-
vidual’s risk for cancer. It may be more effective to identify
high-risk individuals who might benefit from targeted treatment
and prevention of high WC and BP to decrease future cancer
risk.
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Supplementary Table 1 Baseline characteristics of participants included in MS analysis compared to those 
who were not

Inclusion status
Not included Included P - value

n 132,557 20,468
Men 45.4 46.1 0.053
Age 57.8 ± 14.5 55.8 ±  13.2 < 0.001
Smoking 

Never smoker 49.9 50.4
< 0.05Ex smoker 35.7 35.7

Current smoker 14.4 13.9
Education 

High school or lower 65.9 64.8
< 0.001Above high school 34.1 35.2

Data are means ± SD or proportions

Supplementary Data
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CHAPTER 6 

Components of the Metabolic Syndrome and Cancer

Evidence provided in Chapter 5 suggests that observed associations between the MetS and cancer are largely  

driven by high blood pressure (BP) (hypertension) and waist circumference (WC), a marker of central obesity. 

Chapters 6.1 and 6.2, each including peer-reviewed publications, explore associations between obesity, BP and 

cancer in more detail. 

Obesity is a well established risk factor for cancer. However, the majority of previous studies use body mass 

index (BMI) as a marker of obesity, which has known limitations, namely the inability to distinguish between 

muscle and fat, and to accurately refl ect fat distribution. Measures of central adiposity (e.g. WC and waist-

to-hip ratio (WHR)) have been shown to better refl ect abdominal adiposity compared with BMI and have 

stronger associations with cardiometabolic risk factors and outcomes. However, for cancer, results are less 

clear. Chapter 6.1 explores which of general adiposity, as measured by BMI, or central adiposity (e.g. WC) has 

stronger associations with cancer. This original research article was published in the International Journal of 

Cancer in October 2015 and demonstrated that all anthropometric measures were associated with cancer and 

WC discriminating marginally better than BMI. This suggests that central obesity may be an important driver 

of cancer risk. However, all anthropometric measures were only moderately predictive of cancer risk and thus 

evidence in Chapter 6.1 does not support a recommendation for one anthropometric marker over another for 

assessing an individual’s risk of cancer in clinical practice. 

Emerging evidence suggests that other metabolic abnormalities, such as hypertension, may also be associated 

with an increased risk for cancer. Two main hypotheses have been proposed to explain the observation that 

cancer is higher among those with hypertension: medications used in the treatment of hypertension may 

cause cancer directly; or there may be a common mechanism linking BP regulation and cancer development, 

independent of anti-hypertensive treatment. Chapter 6.2 disentangles these associations by exploring 

associations between hypertension and cancer, stratifi ed by anti-hypertensive treatment use. This original 

research article was published in the Journal of Hypertension in January 2016. This paper reports increased 

risks for cancer incidence and mortality in those with hypertension compared with those without hypertension. 

Similar risks in treated and untreated hypertension suggest that the increased cancer risk is not explained 

by the use of anti-hypertensive treatment, even after adjustment for several important confounders such as 

obesity, smoking, education and age, though residual confounding may still exist. 
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Obesity is a risk factor for cancer. However, it is not known if general adiposity, as measured by body mass index (BMI) or

central adiposity [e.g., waist circumference (WC)] have stronger associations with cancer, or which anthropometric measure

best predicts cancer risk. We included 79,458 men and women from the Australian and New Zealand Diabetes and Cancer Col-

laboration with complete data on anthropometry [BMI, WC, Hip Circumference (HC), WHR, waist to height ratio (WtHR), A Body

Shape Index (ABSI)], linked to the Australian Cancer Database. Cox proportional hazards models assessed the association

between each anthropometric marker, per standard deviation and the risk of overall, colorectal, post-menopausal (PM) breast,

prostate and obesity-related cancers. We assessed the discriminative ability of models using Harrell’s c-statistic. All anthropo-

metric markers were associated with overall, colorectal and obesity-related cancers. BMI, WC and HC were associated with PM

breast cancer and no significant associations were seen for prostate cancer. Strongest associations were observed for WC

across all outcomes, excluding PM breast cancer for which HC was strongest. WC had greater discrimination compared to BMI

for overall and colorectal cancer in men and women with c-statistics ranging from 0.70 to 0.71. We show all anthropometric
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measures are associated with the overall, colorectal, PM breast and obesity-related cancer in men and women, but not pros-

tate cancer. WC discriminated marginally better than BMI. However, all anthropometric measures were similarly moderately

predictive of cancer risk. We do not recommend one anthropometric marker over another for assessing an individuals’ risk of

cancer.

Obesity is a well established risk factor for cancer. Reports
from the World Cancer Research Fund have confirmed that
there is sufficient evidence to support causal associations
between obesity and cancers of the oesophageal adenocarci-
noma, pancreas, colon, rectum, gallbladder, kidney, breast
[post-menopause (PM)], corpus uteri (endometrium) and
ovarian.1–6 Findings for prostate cancer, however, are mixed
with some studies suggesting that there may be associations
only in those with advanced prostate cancer.7

The majority of epidemiologic studies exploring this asso-
ciation use body mass index (BMI) as a marker of general
adiposity. BMI is a useful tool in both clinical medicine and
population health to predict health risk related to weight and
is easily measured. However, BMI has known limitations,
namely the inability to distinguish between muscle and fat
accumulation and it does not reflect fat distribution.8 Meas-
ures of central adiposity [e.g., waist circumference (WC) and
waist-to-hip ratio (WHR)] have been shown to better reflect
abdominal adiposity than BMI and have stronger associations
with cardiometabolic risk factors and outcomes.9–12 However,
for cancer, results are less clear.

Some studies have found central adiposity to be an inde-
pendent predictor of post-menopausal (PM) breast cancer
risk, beyond the risk attributed to BMI alone, but a recent
systematic review has suggested that this is not the case.13

Another recent review demonstrated that BMI, but not meas-
ures of central adiposity, was associated with an increased
risk for ovarian cancer.14 Studies of colorectal cancer show
WC and WHR are more strongly associated with cancer than
is BMI in men, but this has not been shown for women.15

Whilst numerous studies have explored the risk of cancer
using multiple measures of adiposity, only one other study
has compared the discriminative ability of multiple anthropo-
metric measures for the risk of colorectal cancer.16 In this
study of US adults, Keimling et al. concluded that compared
with BMI, measures of central adiposity did not materially
influence colon cancer prediction models. To date, no studies
have compared multiple anthropometric measures across

multiple cancer outcomes. Further, many of the aforemen-
tioned studies do not explore the potential role of smoking as
an effect modifier in the association between obesity and
cancer.

Using a large pooled study with detailed information on
relevant covariates, we aimed to estimate the risk of cancer
incidence, in particular, overall, breast, colorectal, prostate
and obesity-related cancers, with selected anthropometric
measures and compare the discriminative ability of each
measure for the risk of incident cancer.

Methods
Study population

The Australian and New Zealand Diabetes and Cancer Col-
laboration (ANZDCC) is a pooled study comprised of 18
prospective studies in Australia and New Zealand with data
on 153,025 men and women. Details of sampling procedures,
study designs and methods for each of the respective studies
have been described elsewhere.17 In brief, the chief investiga-
tors of epidemiological studies conducted from 1983 onwards
with data on diabetes, obesity and the metabolic syndrome
and with a minimum sample size of 1,000 were invited to
participate in the ANZDCC study. For the current study, we
included studies that had collected data on all anthropomet-
ric indicators for obesity (11 Australian cohorts; n5 86,913).
Participants with a cancer diagnosis prior to baseline date
(n5 4,572) or who were underweight at baseline (BMI:
<18.5 kg/m2; n5 615) were excluded to minimize the possi-
bility of reverse causality. Additionally, participants with
missing data on smoking status, education, weight, height,
WC and hip circumference (HC) were excluded (n5 2,268).
A total of 79,458 participants (40,734 men; 38,724 women)
were included in the final data analysis on overall, breast,
colorectal and prostate cancer incidence. Those who were
excluded due to missing data were significantly older (68.4
vs. 57.4 years) and more likely to be male (51.3 vs. 45.5%)
compared to those who were included in the final analysis.
For the analyses of obesity-related cancer, participants from

What’s new?

The accumulation of excess fat around the abdomen is a well-known risk factor for cardiovascular and metabolic diseases and

is associated with a variety of cancers. While measures that reflect central adiposity, namely waist circumference (WC) and

waist-to-hip ratio (WHR), are strongly associated with cardiometabolic disease risk, their ability to predict cancer risk is

unclear. In this study, overall cancer risk and risk of colorectal and obesity-related cancers were associated with multiple

anthropometric measures—not only WC or WHR. An exception was prostate cancer, which was not significantly associated

with any anthropometric marker.

1700 Comparison of anthropometric measures as predictors of cancer incidence

Int. J. Cancer: 137, 1699–1708 (2015) VC 2015 UICC



Components of the Metabolic Syndrome and Cancer 117

the Melbourne Collaborative Cohort Study (MCCS) were
excluded due to unavailable data for this level of specificity.
The final sample size for this sub-analysis was n5 39,565
(24,229 men; 15,336 women).

Data linkage

The ANZDCC data were linked to the Australian Cancer
Database (ACD), a register of all primary, malignant cancers
diagnosed in Australia since 1982, and the National Death
Index (NDI). Linkage was performed by the Australian Insti-
tute of Health and Welfare (AIHW) and the Western Austra-
lian Data Linkage Unit (for Fremantle Diabetes Study (FDS)
only) using first name, second name, last name, gender and
date of birth.18 Cancer status of the cohort was determined
until December 31, 2008 for nine of the 11 cohorts and until
31 August 2010 for MCCS and 31 October 2012 for FDS.
We set an arbitrarily high match link rate of 97.70% (true
matches/correct links) corresponding with an equally high
link accuracy of 97.92% (1.08% expected to be false positive
links). 27% of links underwent clerical review, performed by
AIHW. This match link rate has shown to be a reliable cut-
off in other, similar studies.19

Definition of anthropometric measures. All participants had
weight, height, WC and HC measured at baseline by trained
staff adhering to standardised protocols. For the majority of
studies, WC was measured at the midpoint between the low-
est rib and the iliac crest. For studies which measured WC as
the narrowest point between the ribs and the hips, WC was
adjusted to reflect the main method of measurement using
methods outlined in Wang et al.20 HC was measured at the
maximal hip circumference. BMI was computed as weight
(kg) divided by the square of height (m). The other ratios
were similarly computed: WHR: WC to HC (cm/cm); waist
to height ratio (WHtR): WC to height (cm/cm). The calcula-
tion of a body shape index (ABSI) was based on WC
adjusted for weight and height, defined as follows:
ABSI5WC 3 weight22/3 3 height5/6.21 ABSI is a new mea-
sure, based on WC and independent of height, weight and
BMI, and has been found to predict overall mortality.21

Baseline covariates. Information on education and smoking
status was collected by questionnaires. These risk factors
were harmonized across studies to reflect common categories
as follows: smoking [current smoker, ex-smoker, never
smoker (ex and current smokers were combined into a single
category of “ever” smokers)]; education (high school or
lower, above high school). Diabetes was defined by self-
report, fasting plasma glucose �126 mg/dl (7.0 mmol/L) or
use of anti-hyperglycaemic medication.

Definition of cancer outcomes. Cancer was defined using
the International Classification of Disease 10th Revision
(ICD-10) codes as follows: overall cancer (C00–C97, D45–
D46, D47.1, D47.3); breast (C50), colorectal (C18–C20), pros-
tate (C61). Obesity-related cancers were defined separately

for men and women according to previously known associa-
tions between obesity and site-specific cancers22 as follows:
Men: pancreas (C25), gallbladder (C23), colon (C18), rectum
(C20), oesophageal adenocarcinoma (C15), kidney (C64),
Women: pancreas, gallbladder, colon, rectum, oesophageal
adenocarcinoma, kidney, PM breast (diagnosed �50 years of
age), corpus uteri (C54) and ovarian (C56).

Statistical analysis

Individuals were followed from baseline date to date of data
linkage, date of death or date of cancer diagnosis, whichever
occurred first. Incidence of cancer was defined as the first
occurrence of cancer or death from cancer if that was the
first time the cancer had been reported. Individuals with a
diagnosis of a cancer at a site other than those under consid-
eration were censored at diagnosis date.

Differences in baseline characteristics, by cancer outcome,
were assessed using Pearson’s v2 test for proportions and Stu-
dent’s t-tests for means. Heterogeneity of studies was
explored by conducting a meta-analysis using a random
effects model and statistical heterogeneity was estimated by
the I2 statistic.23 Cox proportional hazards models were used
to compute hazard rate ratios (HRs) and 95% confidence
intervals (95% CI) of cancer incidence, per standard deviation
(SD) increase of each anthropometric measurement, calcu-
lated per study and per sex. Linearity of each relationship
was evaluated by inclusion of a quadratic term in the models.
Proportional hazards assumptions were satisfied as assessed
with graphs of log–log plots of the relative hazards by time
for discrete variables and by scaled Schoenfeld residuals. All
models were adjusted for smoking status, education and
study cohort with age from baseline as the time scale. Similar
analyses were performed excluding the first three years of
follow-up, adjusting for diabetes and excluding FDS, a sample
of people with diabetes.

We tested for interactions between age groups (<50 years
and �50 years; <65 and �65 years; <70 years and �70
years), smoking, diabetes and each anthropometric measure
on cancer incidence. Given the lack of statistical power inher-
ent in interaction tests, we considered interactions to be sig-
nificant when p< 0.2, and in such cases present stratified
analyses.24 All analyses were performed separately for men
and women.

To ascertain the best predictor of cancer incidence, we
assessed the predictive capacity (discrimination) of models
using Harrell’s c-statistic. The models considered were:
(Model 1) age, education, smoking and study cohort; Model
11 each of the anthropometric measures in isolation. The c-
statistic estimates the probability of concordance between
predicted risk and the observed order of events from a ran-
domly selected pair of participants while accounting for cen-
sored data.23 A score of 1.0 indicates perfect discrimination
and 0.5 indicates poor discrimination. The c-statistic and
95% CI’s were estimated and compared using the somersd

Harding et al. 1701
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package and lincom commands, respectively, in STATA (ver-
sion 12.1, (StataCorp, College Station, TX), as described else-
where.25 All models were fitted for men and women
separately and adjusted for age, smoking status, education
and study cohort using follow-up time as the time scale.

This study was approved by the Alfred Health Human
Research Ethics Committee (HREC), the Australian Institute
for Health and Welfare HREC and the Western Australian
Department of Health HREC.

Results
Over a median follow-up of 11.1 and 16.0 years 8,872 and
4,832 cancers were identified for men and women, respec-
tively. Baseline characteristics of the study population, by
cancer outcome, are shown in Table 1. In brief, men and
women who developed cancer were older, less likely to have
completed high school or above, and more likely to have dia-
betes than those who did not develop cancer. Men who
developed cancer were also more likely to have a history of
smoking than were men who remained cancer-free. These
patterns were similar when obesity-related cancer was the
outcome.

Mean values of each anthropometric measurement at
baseline, by study, for men and women, are shown in Sup-
porting Information Tables 1 and 2, respectively. Similar
means and SDs for each anthropometric measurement, by
sex, were observed across the cohorts, except for FDS, a sam-
ple of people with diabetes, for which means were slightly
higher. No significant heterogeneity across studies was found
in men and women, I25 12.2% and I25 0.0%, respectively.

For men, all anthropometric markers were associated with
overall, colorectal and obesity-related cancers, excluding ABSI
for obesity-related cancers (Table 2). The strongest associa-
tions across all outcomes were observed for WC, and the
weakest for ABSI. No statistically significant associations
were observed between any anthropometric marker and pros-
tate cancer incidence. Excluding the first three years of
follow-up, adjusting for diabetes or excluding FDS had little
effect on the magnitude of HR estimates (data not shown).

A significant interaction with smoking status was observed
for all anthropometric measures and cancer, and therefore
results were stratified by smoking status (Table 3). Among
never smokers, the strongest associations were consistently
observed for WC and the weakest for ABSI. For ever smok-
ers, similar patterns were observed, though fewer associations
were statistically significant, and the magnitude of effect was
smaller than for never smokers. No significant interactions
between anthropometry and age (50, 65, 70) or diabetes sta-
tus and cancer were observed.

For women, BMI and HC were significantly associated
with overall, PM breast and obesity-related cancers, but not
colorectal cancer; WC was significantly associated with all
cancer outcomes; WHR and WtHR were significantly associ-
ated with overall, colorectal and obesity-related cancers, but
not PM breast; and ABSI was significantly associated with Ta
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overall and colorectal cancers, but not PM breast or obesity-
related cancers (Table 2). The strongest associations across
all outcomes were observed for WC, except PM breast
whereby HC had the strongest association, and the weakest
for ABSI. Excluding the first 3 years of follow-up, adjusting
for diabetes or excluding FDS had little effect on the magni-
tude of HR estimates (data not shown).

Among never smokers, the strongest associations were
observed between WC and colorectal and obesity-related can-
cer, and between HC and overall PM breast cancer (Table 4).
Among ever smokers, significant associations were observed
between WC, WHR, ABSI and overall cancer. All other asso-
ciations were not statistically significant. No significant inter-
actions between anthropometry and age (50, 65, 70) or
diabetes status and cancer were observed.

C-statistics comparing prediction models in men and
women were similar across all models for overall, colorectal,
PM breast, prostate and obesity-related cancers (Table 5). All
models had greatest discriminatory ability for colorectal can-
cer in men and women, and the lowest for PM breast cancer
in women. Compared to Model 1, including age, education,
smoking and study cohort, the addition of BMI, WC and
HC, separately, improved the predictive ability for overall,
colorectal, prostate, PM breast and obesity-related cancers in
men and women (p< 0.05; change in c-statistic not shown).
Compared with BMI, models of WC had a significantly
greater discriminative ability for overall and colorectal cancer
in both men and women, and HC had significantly greater
discriminative ability than BMI for overall cancer in men
(Supporting Information Table 6).

Discussion
In this large pooled cohort of Australian adults, we show that
all anthropometric markers tested (BMI, WC, HC, WHR,
WtHR and ABSI) were associated with the development of
overall, colorectal and obesity-related cancers in men and
women (excluding ABSI in women). BMI, WC and HC were
associated with PM breast cancer but no statistically signifi-
cant associations were observed for prostate cancer with any
anthropometric measure. The magnitude of these associations
was greatest for WC with 19% and 13% increased risk per
SD for colorectal cancer in men and obesity-related cancer in
women, respectively. The effect estimates of anthropometric
measures on cancer risk were larger in never smokers than
that in ever smokers. In discriminatory analysis, all measures
had moderate discriminative ability for cancer risk with
c-statistic values between 0.60 and 0.71. For men, compared
with BMI, WC and HC were superior in predicting overall
and colorectal cancer risk. For women, WC was the only
measure significantly better at discriminating cancer risk than
BMI for overall and colorectal cancer.

Whilst there is evidence to suggest that WC and other
measures of central adiposity are better predictors of cardio-
vascular disease (CVD) than BMI,26,27 less is known for the
role of central adiposity in cancer risk. Of studies that use Ta
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multiple anthropometric markers to assess cancer risk, most
examine site-specific cancers, with mixed effect sizes. Central
adiposity, assessed by WC or WHR, has been associated with
PM breast cancer in several studies, independent of BMI,
with relative risks ranging from 1.28 to 2.85 depending on
how measures were categorised.28,29 However, a more recent
review showed that adjustment for BMI attenuated the rela-
tionship between WC or WHR and risk of PM breast cancer
to the null. This work did however show that there was evi-
dence that central obesity may be important for pre-
menopausal breast cancer.13 Moghaddam et al.30 pooled risk
estimates from 31 studies to estimate associations of general
and central adiposity with colorectal cancer incidence. They
showed higher estimates for measures of central adiposity
(HR: 1.44 (95% CI: 1.32–1.58) than BMI (1.19, 1.11–1.29) in
obese compared to non-obese, but this was only statistically
significant in men. Studies of oesophageal,31 endometrial32

and pancreatic cancers33 also suggest stronger associations
with central adiposity than with BMI. For prostate cancer,
several large studies have found an increased BMI to be asso-
ciated with an increased risk of the development of prostate
cancer, while others have shown no such association.7 For
central adiposity, a Chinese study showed that men in the
highest quartile of WHR had a three-fold increased incidence
of prostate cancer compared with men in the lowest quartile
of WHR, but no association was seen for BMI.34 Other stud-
ies show that central obesity may play a role only in
advanced stages of prostate cancer.35 We did not have data
on cancer stage to explore this in the current study.

An important caveat in all of these aforementioned studies
is that including separate anthropometric measures in the
same model can lead to difficulties in interpretation of results,
because of the high degree of co linearity between the anthro-
pometric variables. To understand if central or general adipos-
ity is driving the association with incident cancer, separate
models need to be fitted and compared. To our knowledge, we
are the first group to compare the discriminative ability of each
anthropometric measure for predicting the risk of multiple
cancer outcomes. We show that addition of BMI, WC and HC
to models of age, education and smoking significantly
improved the predictive ability of models, though the impact
was small. Additionally, among anthropometric measures, we
show that WC, a measure of central adiposity, had statistically
greater discrimination than BMI for overall and colorectal can-
cers. However, these differences were only in the order of
approximately 1% and therefore, are unlikely to be clinically
relevant. Additionally, given all anthropometric measures had
similar discriminative ability we show that there is no one
stand out measure for the prediction of cancer.

At present, the biological mechanisms that link adiposity
to cancer are poorly understood. Current findings implicate
sex- and cancer site-specific biological mechanisms underpin-
ning these associations and it is unlikely that there is a one
single underlying mechanism.36 The three most common
pathways proposed are; insulin and insulin-like growth fac-

tors,37 sex steroids,38,39 adipokines and markers of chronic
inflammation.40 We did not have data on these biological
markers to disentangle these mechanisms further. Our data
suggest that central adiposity, which is more active in terms
of metabolic and inflammatory cytokines, appears to be more
strongly related to cancer than is general adiposity.

Strengths and Weaknesses
Our study combined data from 11 large Australian
population-based studies, with sufficient power to investigate
the association between anthropometric measurements and
risk of cancer incidence and is the first large scale analysis of
obesity and cancer in Australia. While many studies have
compared the discriminative ability of anthropometry for
CVD,9,10,26 this is the first time a large range of markers have
been compared in terms of magnitude and discriminative
ability for various cancer outcomes. This is also the first time
that the ABSI has been examined for predicting cancer risk.
ABSI has been shown to be a useful measure for predicting
all-cause mortality,21 but we show here that it is not useful
for cancer.

There are several limitations to this study that should also
be acknowledged. First, for outcomes of obesity-related cancers
we included malignancies where there is internationally recog-
nised “sufficient evidence” for associations with obesity. How-
ever, given the paucity of data on some rare site-specific
cancers, it is possible that some cancers that may be driven by
excess adiposity have not been included here. Nevertheless,
their contribution to overall obesity-related cancers is likely to
be very small. It is also known that associations between obe-
sity and colorectal cancer differ by site, that is, colon vs. rec-
tum.41 Unfortunately, we were unable to stratify by these
cancer sites. Second, there is potential for reverse causality
from weight loss that may have been due to illness, or weight
gain that may have been the result of quitting smoking. We
have, however, attempted to address this by excluding people
in the first three years of follow-up and performing stratified
analyses in ever smokers and never smokers. With these sensi-
tivity analyses, our conclusions were not altered. Third, this is a
pooled collaborative analysis and even though we did have life-
style data such as physical activity and diet in some studies,
these data were collected too differently across studies to derive
sensible harmonized categories. Therefore, we could not fur-
ther adjust our analyses for potential confounding effects of
physical activity, diet and alcohol in a meaningful way. Last, we
did not have data on hormone replacement therapy, a factor
shown in some studies to modify associations between obesity
and cancer.42,43 It is possible, therefore, that there may be some
residual confounding of HRT on the association between obe-
sity and cancer.

Conclusions
This large pooled collaborative study has shown that anthro-
pometric measures are associated with the development of
overall, colorectal, PM breast and obesity-related cancer in
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men and women in Australia. Measures of central adiposity
performed marginally better than BMI in discriminatory
analyses of overall and colorectal cancers. However, all
anthropometric measures were similarly moderately predic-
tive of cancer risk. Therefore, at this stage we do not present
strong evidence for the choice of one anthropometric marker
over another for assessing an individuals’ risk of cancer.
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Hypertension, antihypertensive treatment and cancer
incidence andmortality: a pooled collaborative
analysis of 12 Australian and New Zealand cohorts

Jessica L. Hardinga,b, Manoshayini Sooriyakumarana,b, Kaarin J. Ansteyc, Robert Adamsd,
Beverley Balkaue, Sharon Brennan-Olsenm,n, Tom Briffaf, Timothy M.E. Davisg, Wendy A. Davisg,
Annette Dobsonh, Graham G. Gilesi, Janet Grantj, Rachel Huxleyh, Matthew Knuimanf,
Mary Luszczk, Paul Mitchelll, Julie A. Pascom,n, Christopher M. Reido, David Simmonsp,q,
Leon A. Simonsr, Anne W. Taylorj, Andrew Tonkins, Mark Woodwardt,u, Jonathan E. Shawa,b,�,
and Dianna J. Maglianoa,b,�

Background: Observational studies examining associations
between hypertension and cancer are inconsistent. We
explored the association of hypertension, graded
hypertension and antihypertensive treatment with cancer
incidence and mortality.

Method: Eighty-six thousand five hundred and ninety-three
participants from the Australian and New Zealand Diabetes
and Cancer Collaboration were linked to the National Death
Index and Australian Cancer Database. Cox proportional
hazards models estimated hazard ratios and 95% confidence
intervals (95% CI) for the association of treated and
untreated hypertension with cancer incidence and mortality.

Results: Over a median follow-up of 15.1 years, 12 070
incident and 4350 fatal cancers were identified. Untreated
and treated hypertension, compared with normotension,
were associated with an increased risk for cancer incidence
[hazard ratio 1.06, 95% CI (1.00–1.11) and 1.09 (1.02–
1.16) respectively], and cancer mortality (1.07, 0.98–1.18)
and (1.15, 1.03–1.28), respectively. When compared with
untreated hypertension, treated hypertension did not have
a significantly greater risk for cancer incidence (1.03,
0.97–1.10) or mortality (1.07, 0.97–1.19). A significant
dose–response relationship was observed between graded
hypertension and cancer incidence and mortality;
Ptrend¼0.053 and Ptrend¼0.001, respectively. When
stratified by treatment status, these relationships remained
significant in untreated, but not in treated, hypertension.

Conclusion: Hypertension, both treated and untreated, is
associated with a modest increased risk for cancer incidence
and mortality. Similar risks in treated and untreated
hypertension suggest that the increased cancer risk is not
explained by the use of antihypertensive treatment.
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cancer [1,2]. Emerging evidence suggests that other meta-
bolic abnormalities, such as hypertension, may also be
associated with an increased risk for cancer [3–6]. Two
main hypotheses have been proposed to explain this
observation. First, medications used in the treatment of
hypertension may cause cancer by directly promoting
carcinogenesis, accelerating other carcinogens or impeding
defense mechanisms [7]. Second, there may be a common
mechanism linking blood pressure (BP) regulation and
cancer development, independent of antihypertensive
treatment [8]. In addition, it is also possible that cancer
itself may lead to hypertension [9].

To date, observational studies on the association
between hypertension and cancer show inconsistent
results. A large Swedish cohort reported a 7% [95% confi-
dence interval (CI): 4–9%)] increase in incident cancer risk
per 10 mmHg increase in BP [10]. This association, how-
ever, did not account for antihypertensive treatment, and
was observed only in men [10]. A second, smaller, Swedish
cohort of men demonstrated a 41% increase in risk of cancer
incidence when comparing the highest quintile of SBP with
the lowest, even after adjustment for antihypertensive
medication at baseline [8]. Other studies report that anti-
hypertensive medication, in particular diuretics, may be
associated with an increased cancer risk even in those who
are normotensive [11,12]. However, a recent meta-analysis
concluded that diuretics or any other single antihyperten-
sive medication was not associated with an increased
cancer risk, though it could not be ruled out that a com-
bination of antihypertensive drugs may confer an increased
risk for overall cancer [13].

For cancer mortality, evidence is less clear. Early work by
Dyer et al. [3] showed a 50 and 80% increased risk in cancer
mortality among hypertensive men compared with normo-
tensive men for systolic and diastolic hypertension, respect-
ively. Amore recent meta-analysis reported a 23% increased
risk in cancer mortality in those with hypertension com-
pared with those without, though significant heterogeneity
among studies was noted and the included studies did not
adjust for BP treatment [4].

Using data from a large pool of prospective studies, we
examine the association between treated and untreated
hypertension, graded hypertension and cancer incidence
and mortality.

METHODS

Study population
The Australian and New Zealand Diabetes and Cancer
Collaboration (ANZDCC) is a pooled study composed of
18 prospective studies in Australia and New Zealand with
data on 153 025 men and women. Details of sampling
procedures, study designs and methods for each of the
respective studies have been described elsewhere [14]. In
brief, the chief investigators of epidemiological studies in
Australia and New Zealand conducted from 1983 onwards
with data on diabetes, obesity and the metabolic syndrome
and with a minimum sample size of 1000 individuals were
invited to participate in the ANZDCC study. For the
current analysis, we included observational studies that
had measured BP and information on antihypertensive

treatment (12 cohorts; n¼ 91 781). To prevent reverse
causation, we excluded participants with a cancer diagnosis
prior to baseline date (n¼ 3022) or who were underweight
at baseline (n¼ 843). We further excluded participants with
missing data on age, sex, smoking or BP (n¼ 1323). A total
of 86 593 participants (40 965 men; 45 628 women) with
complete data were included in the final data analysis.

Data linkage
Australian participants of the ANZDCC cohort were linked
to the Australian Cancer Database, a register of all primary,
malignant cancers diagnosed in Australia since 1982, and
the National Death Index (NDI). Linkage was performed by
the Australian Institute of Health and Welfare (AIHW) and
the Western Australian Data Linkage Unit (for Fremantle
Diabetes Study (FDS) only), using first name, second name,
last name, sex and date of birth [15]. New Zealand partici-
pants of the ANZDCC cohort, those from the Fletcher
Challenge Study, were linked to the New Zealand Cancer
Registry and Mortality Database using National Health
Index numbers; unique identifiers assigned to every person
who uses health and disability support services in New
Zealand. Cancer status of the cohort was determined until
31 December 2008 for 10 of the 12 cohorts and until 31
August 2010 for the Melbourne Collaborative Cohort Study
(MCCS) and 31 October 2012 for FDS. Mortality status was
determined until 31 March 2012 for nine of the 12 cohorts,
and until 31 December 2009 for the Fletcher Challenge
Study, 30 April 2011 for MCCS and 31 January 2013 for FDS.
We set a match link rate of 97.70% (true matches/correct
links) with link accuracy of 97.92% (1.08% expected to be
false-positive links). Twenty-seven percent of links under-
went clerical review, performed by AIHW.

Definition of covariates and outcomes
Details of baseline BP measurements, by study, are pro-
vided in Supplementary Table 1, http://links.lww.com/
HJH/A541. Untreated hypertension was defined as elevated
SBP or DBP of at least 140 or 90 mmHg, respectively, with
no self-reported use of antihypertensive treatment, and
treated hypertension was defined by self-reported use of
antihypertensive treatment; no information on specific anti-
hypertensive drugs was available. Those who did not have
elevated SBP or DBP and who did not report using anti-
hypertensives were defined as ‘normotensive’. ‘Any hyper-
tension’ was defined as untreated or treated hypertension.
Graded hypertension was classified according to the Euro-
pean Society of Hypertension and the European Society of
Cardiology guidelines as follows: normal: SBP<130 mmHg
or DBP <85 mmHg; high normal: SBP 130–139 mmHg or
DBP 85–89 mmHg; graded hypertension 1: SBP 140–159
mmHg or DBP 90–99 mmHg; graded hypertension 2: SBP
160–179 mmHg or DBP 100–109 mmHg; graded hyperten-
sion 3: SBP �180 mmHg or DBP�110 mmHg [16].

Biomedical tests collected data on cholesterol (mmol/l);
diabetes was defined by self-report, fasting plasma glucose
of at least 126mg/dl (7.0mmol/l) or use of glucose-low-
ering medication; BMI was computed as weight (kg)
divided by the square of height (m). Information on edu-
cation, smoking status and alcohol status was collected by
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questionnaires. These risk factors were harmonized across
studies to reflect common categories as follows: smoking
[current, ex-smoker and never-smoker (ex and current
smokers were combined into a single category of ‘ever’
smokers)]; education (high school or lower, above high
school); alcohol (meeting guidelines of � two drinks on
any occasion or not meeting guidelines) [17]. Total physical
activity time was calculated as the sum of time spent
walking (if continuous and for >10 min) or performing
moderate-intensity activity, and double the time spent in
vigorous-intensity activity. This double weighting has been
used because of the need to reflect that participation in
vigorous intensity physical activity confers greater health
benefits than participation in moderate activity [18]. Partici-
pants were then categorized as meeting Australian physical
activity guidelines (�150min/week) or not meeting guide-
lines (�0min/week and <150min/week) [19]. Cancer was
defined according to the International Classification of
Disease 10th Revision (ICD-10); C00-C97, D45-D46 and
D47.1-D47.3 with cancers coded according to ICD-9
recoded as appropriate. Incidence of cancer was defined
as the first occurrence of cancer or death from cancer if that
was the first time the cancer had been reported. Fatal cancer
includes all those who died from cancer as reported by
the NDI.

Statistical analysis
For outcomes of cancer incidence (fatal and nonfatal can-
cer), individuals were followed from baseline date to date
of cancer diagnosis, date of death or date of linkage to
cancer registries, whichever occurred first. For outcomes of
cancer mortality, individuals were followed from baseline
date to date of death or date of linkage to mortality regis-
tries, whichever came first.

Differences in baseline characteristics, by cancer out-
come, were assessed using Pearson’s chi-square test for
proportions and Student’s t-test for means as appropriate.
Heterogeneity of studies was explored by conducting a
meta-analysis using a random effects model and statistical
heterogeneity was estimated by the I2 statistic [20]. Cox
proportional hazards models (with age as the time scale)

were used to compute hazard rate ratios and 95% confi-
dence intervals (95% CI) of cancer incidence and mortality
associated with untreated and treated hypertension, any
hypertension and graded hypertension, as defined above.
Analyses of graded hypertension were performed on the
total population, and then stratified by antihypertensive
use. Proportional hazards assumptions were satisfied, as
assessed with graphs of log–log plots of the relative hazards
by time for discrete variables and by scaled Schoenfeld
residuals. All models used age as the time scale and were
adjusted for sex, smoking and study cohort whereby base-
line hazards for each included study were adjusted for.
Additional models were adjusted for education, diabetes
status, BMI, physical activity, cholesterol and alcohol intake
where data were available.

All analyses were done using STATA version 12.1
(StataCorp, College Station, Texas, USA). This study was
approved by the Alfred Health Human Research and Ethics
Committee (HREC), the AIHW HREC and the Western
Australian Department of Health HREC.

RESULTS
Over a median follow-up of 15.1 years, 12 070 incident and
4350 fatal cancers were identified over 1 128 742 and
1 317 274 person-years, respectively. Baseline character-
istics of the study population, by cancer outcome, are
shown in Table 1. In brief, those who developed cancer
were more likely to be men, older, less educated, ever
smokers, hypertensive, diabetic, and have higher mean
BMI, cholesterol, SBP and DBP values compared with those
who did not develop cancer.

Baseline characteristics, by study, are shown in Supple-
mentary Tables 2A and 2B, http://links.lww.com/HJH/A541.
The proportion of participants with hypertension (treated or
untreated) in each study cohort ranged from 27.4% in the
Fletcher Challenge Study to 75.9% in the Dubbo Study of the
Elderly. There was no significant heterogeneity across stud-
ies for the relationship between hypertension and cancer
incidence: I2¼ 24.1 and 41.2% for untreated hypertension
and treated hypertension, respectively.

TABLE 1. Baseline characteristics among the Australian and New Zealand Diabetes and Cancer Collaboration cohort which developed an
incident cancer during follow-up compared with those that did not

No cancer Cancer P value

N 74523 12070

Men (%) 46.1 54.9 <0.001

Age (years) 51.5 (13.7) 59.9 (10.2) <0.001

Education (above high school) 38.0 33.1 <0.001

Smoking (ever smoker) 45.7 52.2 <0.001

Physical activity (meeting guidelines) 54.1 53.5 0.241

Alcohol (meeting guidelines) 72.0 72.3 0.107

BMI (kg/m2) 26.8 (4.6) 27.2 (4.4) <0.001

Cholesterol (mmol/l) 5.5 (1.1) 5.7 (1.1) <0.001

Diabetes (%) 6.0 9.1 <0.001

SBP (mmHg) 132.9 (20.0) 140.3 (20.6) <0.001

DBP (mmHg) 76.3 (11.8) 78.5 (12.0) <0.001

Untreated hypertension (%) 24.2 32.6 <0.001

Treated hypertension (%) 16.4 24.7 <0.001

Data shown as mean (SD) or proportions; meeting physical activity guidelines: �150 min/week; meeting alcohol guidelines: � two drinks on any one occasion.
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Those with untreated and treated hypertension at base-
line were more likely to develop cancer during follow-up
compared with those who were normotensive in fully
adjusted models: hazard ratio: 1.09, 95% CI (1.02–1.16)
and 1.06 (1.00–1.11), respectively (Table 2). There was no
difference in risk for cancer among those with treated
hypertension compared with untreated hypertension in
fully adjusted models (1.03, 0.97–1.10). Compared with
normotensive, any hypertension had a 1.06 (1.02–1.12)
increased risk for cancer incidence (Table 2).

Treated hypertension and untreated hypertension had
an increased risk for cancer mortality compared with those
who were normotensive in fully adjusted models (1.07,
0.98–1.18) and (1.15, 1.03–1.28), respectively, though this

reached statistical significance only in those with treated
hypertension (Table 2). When compared with untreated
hypertension, treated hypertension had similar risks for
cancer mortality (1.07, 0.97–1.19) in fully adjusted models.
Compared with normotensive, any hypertension had a 1.10
(1.01–1.20) increased risk for cancer mortality.

A dose–response relationship was observed between
graded hypertension and cancer incidence in fully adjusted
models, Ptrend¼ 0.053 (Table 3). The highest risk estimates
were seen in those with SBP 160–179 mmHg or DBP 100–
109 mmHg: 1.08 (1.00–1.17). When stratified by antihyper-
tensive status, this relationship remained significant in those
with untreated hypertension, Ptrend¼ 0.015, but was atte-
nuated in treated hypertension, Ptrend¼ 0.258. A dose–

TABLE 2. Hazard ratios and 95% confidence intervals for the association between hypertension and cancer incidence and mortality

Mean (SD) HR (95% CI)

Systolic blood
pressure

Diastolic blood
pressure Model 1 Model 2 Model 3 Model 4 Model 5

Cancer incidence
N (total) 86 593 86593 86122 68703 48552

No. of events 12 070 12070 11977 10257 7818

Person (years) 1 128 742 1128742 1123734 966633 757104

Analysis 1
Normotensive 121.2 (10.7) 71.4 (9.0) ref ref ref ref ref

Untreated HT 151.8 (14.1) 84.8 (10.7) 1.06 (1.01–1.11) 1.01 (0.97–1.06) 1.02 (0.97–1.06) 1.03 (0.98–1.08) 1.06 (1.00–1.11)

Treated HT 149.6 (21.1) 81.8 (12.6) 1.07 (1.02–1.12) 1.06 (1.01–1.12) 1.07 (1.02–1.13) 1.06 (1.01–1.12) 1.09 (1.02–1.16)

Analysis 2
Untreated HT 151.8 (14.1) 84.8 (10.7) ref ref ref ref ref

Treated HT 149.6 (21.1) 81.8 (12.6) 1.00 (0.96–1.06) 1.05 (1.00–1.10) 1.05 (1.00–1.11) 1.03 (0.98–1.09) 1.03 (0.97–1.10)

Analysis 3
Normotensive 121.2 (10.7) 71.4 (9.0) ref ref ref ref ref

Any HT 150.9 (17.4) 83.6 (11.6) 1.07 (1.03–1.11) 1.04 (1.00–1.08) 1.04 (1.00–1.08) 1.04 (1.00–1.09) 1.06 (1.02–1.12)

Cancer mortality
N (total) 86 593 86593 86122 68703 48552

No. of events 4350 4350 4312 3643 2577

Person (years) 1 317 274 1317274 1311126 1101688 820305

Analysis 1
Normotensive 121.2 (10.7) 71.4 (9.0) ref ref ref ref ref

Untreated HT 151.8 (14.1) 84.8 (10.7) 1.09 (1.02–1.18) 1.05 (0.98–1.13) 1.05 (0.97–1.13) 1.04 (0.96–1.12) 1.07 (0.98–1.18)

Treated HT 149.6 (21.1) 81.8 (12.6) 1.10 (1.01–1.18) 1.13 (1.05–1.23) 1.13 (1.04–1.22) 1.10 (1.01–1.21) 1.15 (1.03–1.28)

Analysis 2
Untreated HT 151.8 (14.1) 84.8 (10.7) ref ref ref ref ref

Treated HT 149.6 (21.1) 81.8 (12.6) 1.00 (0.93–1.08) 1.08 (1.00–1.16) 1.08 (1.00–1.03) 1.07 (0.98–1.16) 1.07 (0.97–1.19)

Analysis 3
Normotensive 121.2 (10.7) 71.4 (9.0) ref ref ref ref ref

Any HT 150.9 (17.4) 83.6 (11.6) 1.09 (1.03–1.17) 1.08 (1.02–1.16) 1.08 (1.01–1.15) 1.06 (0.99–1.14) 1.10 (1.01–1.20)

Model 1¼Unadjusted; Model 2¼Adjusted for sex, study name, smoking; Model 3¼Model 2 þ education; Model 4¼Model 3 þ BMI, diabetes status, physical activity; Model
5¼Model 4 þ alcohol and cholesterol. Age is the time scale in all models. Any HT¼ untreated þ treated HT. HT, hypertension.

TABLE 3. Hazard ratios (95% confidence interval) for the association between graded hypertension and cancer incidence and mortality

Cancer incidence Cancer mortality

Graded HT N

No. of
incident
cancers

No. of
fatal

cancers

Total
population
(N¼86593)

No treatment
(N¼71364)

Treatment
(N¼15229)

Total
population
(N¼86593)

No treatment
(N¼71364)

Treatment
(N¼15229)

Normal 37 287 3596 1050 ref ref ref ref ref ref

High normal 16 674 2368 877 1.00 (0.94–1.07) 1.00 (0.94–1.07) 0.98 (0.80–1.21) 1.11 (0.99–1.25) 1.13 (0.99–1.28) 1.05 (0.73–1.51)

Graded HT1 22091 3901 1467 1.05 (0.99–1.11) 1.05 (0.99–1.12) 0.98 (0.82–1.17) 1.12 (1.00–1.24) 1.08 (0.96–1.22) 1.22 (0.90–1.66)

Graded HT2 7797 1629 691 1.08 (1.00–1.17) 1.12 (1.02–1.23) 0.93 (0.77–1.13) 1.25 (1.10–1.43) 1.36 (1.16–1.59) 1.06 (0.76–1.48)

Graded HT3 2744 576 265 1.03 (0.91–1.17) 1.08 (0.91–1.28) 0.90 (0.72–1.13) 1.23 (1.01–1.50) 1.20 (0.90–1.60) 1.19 (0.82–1.74)

Ptrend 0.053 0.015 0.258 0.001 0.002 0.543

Models adjusted for sex, smoking, study cohort, education, BMI, cholesterol, diabetes, physical activity and alcohol with age as the timescale. Graded HT: normal: SBP<130 g or
DBP<85; high normal: SBP 130–139 or DBP 85–89; graded HT1: SBP 140–159 or DBP 90–99; graded HT2: SBP 160–179 or DBP 100–109; graded HT3: SBP �180 or DBP �110. HT,
hypertension.
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response relationship was also observed between graded
hypertension and cancer mortality, Ptrend¼ 0.001 with high-
est risk estimates seen in those with SBP 160–179 mmHg or
DBP 100–109 mmHg, 1.36 (1.16–1.59). When stratified by
treatment status, this dose–response relationship remained
significant in untreated hypertension (Ptrend¼ 0.002), but
not in treated hypertension (Ptrend¼ 0.543).

DISCUSSION
In this large prospective pooled cohort, we found a sig-
nificant but modest increased risk for cancer incidence
among those with treated and untreated hypertension
compared with those who were normotensive. For cancer
mortality, untreated and treated hypertension had similar
risk estimates, but this reached statistical significance in
those with treated hypertension only. We found no differ-
ence in risk for cancer incidence or mortality in treated
hypertension as compared with untreated hypertension.
For graded hypertension, we found that those with SBP
160–179 mmHg or DBP 100–10 mmHg had an 8 and 36%
increased risk for cancer incidence and mortality, respect-
ively, compared with the lowest grade of hypertension.
This association was independent of treatment status with
elevated risks observed in both untreated and treated
hypertension, though these were significant only in
untreated hypertension.

Comparison to literature
Our findings are consistent with other observational data
that have found a positive association between hyperten-
sion and cancer incidence. Stock et al. [10] found a 29%
increased risk for cancer among men and women in the
highest quartile of BP compared with the lowest quartile,
though this study did not account for antihypertensive
treatment which may explain the higher effect size relative
to our study. Our analyses of graded hypertension showed
that those with SBP 160–179 mmHg or DBP 100–109
mmHg had an 8% increased risk for cancer relative to those
in the lowest category. These estimates are, however, lower
than those reported by a Swedish study of over 7000 men
which found a 41% increased risk for cancer incidence
among men in the highest quintile of BP compared with
those in the lower quintile, even after adjustment for anti-
hypertensive treatment [8]. However, this study recruited
men referred to a specialist hypertension clinic and there-
fore it is expected that this population would have a higher
risk estimate than a general population sample. For cancer
mortality, our finding of a 7–15% increased risk for
untreated and treated hypertension is similar to that by
Goldbourt et al. [21] of a 10% increased risk for men with
than without hypertension. We also noted a 23% increased
risk for mortality in those with the highest grade of hyper-
tension as compared with the lowest, similar to the overall
estimate of 23% found in the 2002 meta-analysis by Gross-
man et al. [4]. This meta-analysis, however, was unable to
account for the role of antihypertensive medication and the
authors could not rule out publication bias.

The underlying mechanisms between hypertension and
increased cancer risk are not clear. In animal models,
dysregulation of apoptosis, induced by high BP, has been

shown to promote the growth of cancer cells [22]. In
addition, hormones, which play a role in the development
of hypertension, possess mitogenic effects [23,24] and it is
also possible that the association between hypertension
and cancer is because of shared risk factors such as
genetics, obesity, smoking and poor diet [8]. In our study,
we adjusted for potential confounding effects of BMI,
smoking, physical activity, cholesterol, alcohol and diabe-
tes, but we were unable to explore further the roles of poor
diet and/or genetics. Alternatively, antihypertensive medi-
cation may increase cancer risk, though findings are con-
flicting. A 2001 meta-analysis found an independent
association between thiazide diuretics and an increased
risk for cancer (hazard ratio 2.00, 95% CI 1.55–2.59), though
this finding was not supported in a second meta-analysis
which concluded that no single antihypertensive class has
sufficient or consistent evidence for a significant increase in
malignancy risk, including thiazide diuretics [13,25]. Our
results are consistent with the latter finding insofar as cancer
risk was similar in both treated and untreated hypertension
groups.

Strengths and weaknesses
Our study combined data from 12 large population-based
studies from Australia and New Zealand, with sufficient
power to investigate the association between hypertension
and risk of cancer incidence and mortality, by hypertension
treatment status. There are several limitations to this study
that should also be acknowledged. First, it is possible that
the relationship between hypertension and cancer differs
by cancer site with studies showing increased risks specifi-
cally for renal cancers among those with hypertension [26].
Examining site-specific cancers was beyond the scope of
the pooled cohort. Second, we did not have information
about the type or dose of antihypertensive medications that
participants were taking and therefore could not explore
the role of specific antihypertensive treatments on the
development of cancer and subsequent mortality. Further,
we only had data on hypertension and antihypertensive use
at baseline. It is possible that the results in untreated
patients might be because of unmeasured confounding
by antihypertensive drug intake during follow-up and lack
of compliance to therapy. Third, it is possible that our
results of graded hypertension, when stratified by antihy-
pertensive status, may be the result of a type II error
whereby we were underpowered to detect true associ-
ations among those with treated hypertension in the highest
categories of graded hypertension. Last, the advantage of
pooled cohort studies is the increase in study power which
allows meaningful analyses of outcomes such as cancer.
However, limitations of pooled cohorts include the hetero-
geneity of included studies and the loss of discrimination of
covariates during harmonization across studies. In the
current study, covariates of physical activity and education
were each collapsed into binary categories to provide
consistency across studies. All other covariates were objec-
tively measured (e.g. cholesterol BP, height and weight)
and therefore more easily combined across studies. In
addition, the level of heterogeneity was low (I2¼ 24.1–
41.2%) and the magnitude of associations between hyper-
tension and cancer was similar between studies. Therefore,
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we believe that it is unlikely that this harmonization process
had a significant impact on our results.

In conclusion, this large pooled collaborative study
suggests that treated and untreated hypertension are mod-
estly associated with a higher risk for the development of
cancer and subsequent cancer mortality in men and women
in Australia and New Zealand. For men and women in the
highest grade of hypertension, we additionally show that
there is an increased cancer risk that is not explained by the
use of antihypertensive treatment. Our findings are of
public health importance insofar as both hypertension
and cancer are common and potentially preventable con-
ditions.
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Reviewers’ Summary Evaluations

Reviewer 1
This paper investigates the relations between hypertension
and cancer in a very large group of patients issuing from
various cohorts. The authors demonstrate that hypertension
and cancer are associated with a dose/response curve, and
this relation is not influenced by concomitant treatment.
The paper has a high power, the association is significant
statistically, but relatively weak. The dilution due to the
merging of numerous databases is compensated by the very
large numbers and the restricted number of outcomes.

Reviewer 2
The authors have pooled the data from 12 major cohorts on
86 593 participants from the Australian and New Zealand
Diabetes and Cancer Collaboration and had been followed
for a median of 15.1 years. They found that treated and
untreated hypertensive individuals had increased risk of
cancer incidence compared to normotensive individuals,
with no difference in risk between the treated and untreated
individuals. They also found an apparent dose–response
relationship between graded hypertension and cancer inci-
dence risk. The authors have used appropriate method-
ology in this complicated process. The results that treatment
of hypertension is not associated with increased risk of
cancer if reassuring.
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CHAPTER 7 

Discussion 

7.1 Key Findings

The primary focus of this thesis was to investigate associations between metabolic disease and cancer while 

addressing methodological challenges in previous research such as detection bias and reverse causation. The 

key fi ndings from each chapter are summarised below. 

In Chapter 3.1, trends in all-cause and cause-specifi c mortality in people with type 1 and type 2 diabetes were 

reported. Findings from this work were three-fold. First, we demonstrated signifi cant declines in excess all-

cause mortality in both type 1 and type 2 diabetes between 1997 and 2010. However, it was noted that there 

is still a 3 and 1.2 times excess risk in people with type 1 and type 2 diabetes, respectively, as compared with 

the general population. Continued efforts to rectify this disparity are needed. Second, we observed a decline 

in the proportion of deaths attributed to cardiovascular disease (CVD) among people with type 1 and type 2 

diabetes over time. Coinciding with this decline in mortality from CVD, we highlight the emergence of cancer 

as a leading cause of death among diabetes. This fi nding is of signifi cant importance in light of the rising 

prevalence of diabetes, the decline in CVD mortality among diabetes and an ageing population. These factors 

suggest that cancer is likely to become the leading cause of death among people with diabetes if current 

trends continue.  Third, one of the most important and novel fi ndings from this work is that a substantial 

and increasing proportion of CVD deaths among people with diabetes are attributed to diabetes on death 

certifi cates, leading to underestimates in the CVD mortality burden among people with diabetes. If confi rmed 

in other data populations, this has important ramifi cations for the understanding of mortality patterns.

Chapter 3.2 extended this work by exploring recent trends in all-cause, CVD, diabetes and cancer-specifi c 

mortality rates in both type 1 and type 2 diabetes, by age. To our knowledge, this is the fi rst time that trends 

in absolute cause-specifi c mortality rates in diabetes have been explored by age group and are important data 

to inform public health to prioritise where prevention and treatment efforts may have the greatest impact. 

Chapter 3.2 reports signifi cant declines in age-standardised mortality rates (ASMRs) for all-cause, CVD and 

diabetes in both type 1 and type 2 diabetes, while cancer ASMRs remain unchanged. These trends suggest 

continued success in the treatment of diabetes and its complications, consistent with conclusions from Chapter 

3.1. However, these improvements were not seen across the entire age spectrum, with younger ages (<40 

years) not experiencing the same declines in mortality as older populations and even more concerning, for type 

2 diabetes, increases in all-cause and cancer mortality were noted in age group 0–40. In addition, the absence 

of a decline in cancer ASMRs among people with diabetes warrants urgent attention. 

After demonstrating the emergence of cancer as a leading cause of death among people with diabetes in 

Chapter 3.1, Chapter 4 aimed to quantify associations between type 1 and type 2 diabetes and a number of 

site-specifi c cancers. This is one of the fi rst studies worldwide with adequate power to specifi cally investigate
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associations by diabetes type and rarer cancers. The main fi nding from this work is that both type 1 and type 2 

diabetes have an increased risk for a number of site-specifi c cancers, as compared with the general population, 

and that risk estimates in type 1 and type 2 diabetes are similar. This is an important fi nding as type 1 and 

type 2 diabetes have different disease aetiologies with respect to insulin resistance and hyperinsulinaemia, 

yet similar risk estimates for cancer and therefore, this knowledge may help disentangle underlying causal 

pathways. For example, data presented in this paper suggest that hyperglycaemia (common to both type 1 and 

type 2 diabetes) may be the causal pathway linking diabetes and cancer and not endogenous hyperinsulinemia 

(found only in type 2 diabetes) as has previously been hypothesised. These fi ndings should, of course, be taken 

in light of the inability of the NDSS dataset to adjust for important confounders such as smoking and obesity 

(discussed in detail in section 7.2).  In addition, by comparing incidence and mortality risk in time segments 

within two years of diabetes diagnosis, we show that detection bias and reverse causation explain some, but 

not all, of the cancer risk among newly diagnosed type 2 diabetes. 

Chapter 5 reports the risks for overall cancer and the three most common site-specifi c cancers (colorectal, 

prostate and breast cancer) associated with the components of the metabolic syndrome (MetS), both separately 

and jointly. Findings from this paper suggest that those with fi ve positive components of the MetS are at 

increased risks for overall and colorectal cancers and these associations appear to be driven largely by central 

obesity and elevated blood pressure (BP). This paper also demonstrates that the MetS is only a moderate 

predictor of cancer risk and thus does not present strong evidence for the use of the MetS in a clinical setting 

as a useful means for assessing an individual’s risk for overall, colorectal, breast or prostate cancers. The MetS 

may be useful in assessing risk for other site-specifi c cancers, however we were unable to explore other site-

specifi c cancers in this chapter due to the small numbers of rare cancers. 

Chapter 5 suggested that observed associations between the MetS and cancer are largely driven by central 

obesity and BP. Chapters 6.1 and 6.2, therefore, explored associations of obesity with cancer and BP with 

cancer, respectively, in more detail. Chapter 6.1 reports, for the fi rst time, comparisons between a large range 

of anthropometric markers in terms of magnitude and discriminative ability for various cancer outcomes. We 

report that all anthropometric measures, including measures of central and general obesity, are associated with 

overall, colorectal, post-menopausal breast and obesity-related cancers in men and women, but not prostate 

cancer. In addition, while all anthropometric measures were similarly moderately predictive of cancer risk, 

waist circumference (WC) discriminated signifi cantly better than body mass index (BMI). This work suggests 

that central obesity, which is more strongly associated with metabolic and infl ammatory cytokines as well 

as insulin resistance, may be more strongly related to cancer than general adiposity. However, given all 

anthropometric measures were only moderately predictive of cancer risk, evidence in Chapter 6.1 does not 

support a recommendation for one anthropometric marker over another for assessing an individual’s risk of 

cancer in a clinical setting. 

The fi nal key fi nding reported in this thesis comes from an analysis of the association of hypertension, graded 

hypertension and anti-hypertensive treatment with cancer incidence and mortality. Specifi cally, we addressed 

inconsistencies in the current evidence-base as to whether hypertension or anti-hypertensive treatment is 

associated with cancer. We report that hypertension, treated and untreated, is associated with a modest (6–9%) 
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increased risk for cancer incidence and mortality. Similar risks in treated and untreated hypertension suggest 

that the increased cancer risk is explained by underlying mechanisms of the hypertensive state, and not the 

use of anti-hypertensive treatment. 

7.2  Strengths and Limitations 

This thesis has several strengths, predominantly in the novelty of several published manuscripts, backed by 

robust methods and comprehensive datasets. Strengths and limitations pertaining to each study have been 

summarised in the respective strengths and limitations section of each publication. Here, I will discuss in detail 

the key strengths and limitations of the data sources used to quantify associations between metabolic disease 

and cancer. 

Chapters 3 and 4 report mortality and cancer outcomes among an Australian diabetes population, registrants 

of the National Diabetes Service Scheme (NDSS). The main strength of this data source is that it is population-

based with a large sample size, a long follow-up time and the ability to distinguish between type 1 and 

type 2 diabetes. There are several limitations, however, that should be acknowledged. First, the NDSS is an 

administrative database, and there are inherent limitations with using administrative databases for research 

purposes.1 Namely, for our study, the lack of precise information about the type of diabetes for all registrants was 

not available. The classifi cation of diabetes, particularly in young patients, is challenging and misclassifi cation 

can occur. However, the proportions of type 1 and type 2 diabetes in this study (~8% vs. ~92%) are similar in 

other Australian data.2 Further, the proportion of type 2 diabetic patients who were also on insulin is consistent 

with other studies.3 Given these well-known demographics and our very large sample size, we believe that any 

misclassifi cation in this study will not change overall conclusions from this work.  

The NDSS is considered the best available national data source for estimating overall prevalence of diagnosed 

diabetes in Australia.4 However, to date, there is no published data on the completeness of the NDSS, i.e. what 

proportion of people with diagnosed diabetes are in fact registered on the NDSS. However, data from the 

Fremantle Diabetes Study (FDS), a cohort study of people with diabetes, showed that 88% and 87% of type 

1 and type 2 diabetes, respectively, were registered on the NDSS, including 81% of diet-treated participants 

(W Davis, personal communication). In addition, a pilot study conducted by Magliano and Shaw using the 

national Australian Diabetes Obesity and Lifestyle Study (AusDiab) reported that 80%, 90% and 100% of people 

with known diabetes on diet, oral medication and insulin therapy reported being on the NDSS, respectively 

(unpublished data). Taken together, thesedata confi rm very high capture rates in all groups, while indicating 

that there is a small, but defi nite bias towards more advanced diabetes. In particular, capture of type 1 diabetes 

is almost 100% while for type 2 diabetes, it is likely that the NDSS underestimates those with diet-controlled 

diabetes as the diabetes-related products provided through the scheme may not be needed. 

Last, the NDSS provides one of the largest datasets for people with diagnosed diabetes in the world. The data 

reported in Chapters 3 and 4 would not be possible without population datasets of this magnitude. However, 

our fi ndings are limited by a lack of covariates in the dataset. Therefore, we were unable to explore the extent 

to which obesity, smoking, socioeconomic position, family history of cancer, pharmaceutical treatments
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and/or quality of care contributed to the observed trends in mortality among people with diabetes, or 

associations between diabetes and cancer. However, studies of type 2 diabetes that have been able to account 

for obesity, lifestyle-related factors and diabetes treatments have still observed elevated risks for a number of 

cancers.5,6 Therefore, it is unlikely that these factors explain the entire association between diabetes and cancer. 

Chapters 5 and 6 use data obtained from the Australian and New Zealand Diabetes and Cancer Collaboration 

(ANZDCC), a pooled cohort comprised of all longitudinal cohorts in Australia and New Zealand (ANZ) from 

1983 onwards with information on diabetes, hypertension, anthropometry and the MetS, and with a sample 

size ≥1000. The purpose of ANZDCC, the study sample and strengths and weaknesses of this pooled cohort 

have been detailed in Chapter 2.2. The key strength of the ANZDCC that distinguishes it from previous work is 

that it is the largest study to ever examine the relationship between diabetes, obesity, the MetS, hypertension 

and cancer. Specifi cally, the large sample size of ANZDCC allowed us to explore site-specifi c cancers. The 18 

included cohort studies have breadth in the range of variables collected not seen in any other pooled cancer 

studies, thus allowing adjustment for important confounding factors such as physical activity, socioeconomic 

position and smoking. 

On the other hand, pooled analyses are often limited by the heterogeneity of included studies and risk loss of 

discrimination during harmonisation of covariates across studies. However, pooled cohorts are often the only 

way of obtaining large enough study numbers to undertake meaningful analyses of outcomes such as cancer, 

and other pooled cohort studies have made major contributions to our understanding of disease risk factors 

by employing this method. In this thesis covariates of physical activity and education were each collapsed 

into binary categories to provide consistency across studies. All other covariates were objectively measured 

(e.g. cholesterol, BP, height and weight) and therefore more easily combined across studies. Further, the level 

of heterogeneity reported between studies in publications presented in Chapters 5, 6.1 and 6.2 are relatively 

low, in the magnitude of I2 = 12–42%. Therefore, it is unlikely that this harmonisation process has a signifi cant 

impact on the results. In addition, prospective cohort studies with long follow-up periods such as those included 

in the ANZDCC have inherent biases related to sampling and response rates. The average response rates of 

cohort studies in ANZDCC is 60.5% ranging from 35.5% in the Australian Longitudinal Study of Women’s Health 

(ALSWH) to 82.4% in the Blue Mountains Eye Study (BMES). These low to moderate response rates may, of 

course, introduce selection bias and therefore, limit the generalisability of our results.

Finally, obtaining mortality and cancer information in Australia can be diffi cult for large-scale studies such as 

those reported here as unique health identifi ers are not available. Therefore, linkage is based on probabilistic 

algorithms that a given name, date of birth and State of residence will correctly link records belonging to 

the same individual. Again, this may introduce misclassifi cation. However, for all primary analyses in each 

chapter, cut-offs with a high positive match rate (>97.0%) were applied. Further, several sensitivity analyses 

were performed where the positive match rate was increased and decreased and conclusions were unchanged. 

7.3  Implications and Future Directions

From the outset, this thesis identifi ed knowledge gaps in the fi eld of metabolic disease and cancer and proceeded



Discussion 145

to advance that knowledge. The importance of understanding these associations is underpinned by the fact 

that diabetes, obesity and cancer represent global health priority areas. Evidence provided in this thesis not 

only quantifi es the cancer risk among people with diabetes and the MetS, but also informs us where prevention 

strategies should be targeted and where resources would be best allocated. There are several clinical and public 

health implications from this work, along with implications for researchers. These are discussed in detail below. 

7.3.1 Clinical implications

This thesis has provided substantive evidence to suggest that people with diabetes, both type 1 and type 

2, have signifi cant increased risks for a number of cancers including rarer cancers such as chronic myeloid 

leukaemia and thyroid cancers. The data provides evidence to suggest that diabetes clinicians should be 

vigilant in ensuring that diabetes patients adhere to routine cancer screening, according to standard protocols 

for the general population. The ability to identify cancers at an early stage will be an important step forward 

in preventing premature mortality from cancer among people with diabetes. In addition, this thesis suggests 

a role for hyperglycaemia as the likely mechanism underpinning associations between diabetes and cancer. 

This suggests that diabetes management of hyperglycaemia will also be an important step forward in cancer 

prevention. 

The potential role of obesity and the MetS as predictors of future cancer risk was explored. While people with 

obesity and the MetS are at increased risks for cancer, these markers are only moderate predictors of cancer 

risk and therefore not a useful way of deciding who is or is not likely to get cancer.  Perhaps this is because 

cancer is so heterogeneous it is unlikely that one single underlying mechanism underpins these associations, 

with different sex and cancer site-specifi c biological mechanisms more likely to play a role. Therefore, this data 

does not suggest that the use of either of these measures should be introduced as a routine screening tool for 

cancer. Rather, obesity and the MetS should be considered in combination with other traditional risk factors for 

cancer such as smoking.  

Last, the study on hypertension and cancer risk has important implications in relation to the pharmacological 

management of hypertension. Previous studies have suggested thatanti-hypertensive medication may result 

in an increased risk for cancer. This may lead to changes in the way anti-hypertensive medication is prescribed 

due to concerns among patients and clinicians alike. However in this study hypertension, not anti-hypertensive 

medication, was associated with an increased cancer risk. Therefore, consideration of cancer as a consequence 

of anti-hypertensive medication is not necessary, particularly in light of their effective management of CVD risk. 

Further data from large cohort studies with detailed information on anti-hypertensive medication is warranted 

to confi rm fi ndings presented here. 

7.3.2 Public health implications

Data on mortality trends among diabetes can be used to inform where prevention strategies should be targeted 

and where resources are best allocated. Diabetes is now prominent on the global health agenda, with specifi c 

targets for access to essential medicines in the treatment of diabetes and its complications and for prevention of 
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obesity and diabetes.8 It is essential that health professionals, government and policy-makers alike understand 

the full range of consequences of diabetes. Our data show that, with improvements in prevention and treatment 

of CVD, cancer is likely to become the leading cause of death among people with diabetes if current trends 

continue. This suggests that we need to adapt our health care systems to meet the changing needs of diabetes 

patients in the future and adds further weight to the need for lifestyle modifi cation programs to prevent both 

type 2 diabetes and cancer. 

In addition, the number of young-onset type 2 diabetes is increasing.7 Emerging evidence suggests that young-

onset type 2 diabetes is associated with a greater mortality, more diabetes complications and unfavourable 

cardiovascular disease risk factors, even compared with type 1 diabetes.8,9 In the most recent International 

Diabetes Federation (IDF) Diabetes Atlas, the rapid and largely unexplained rise in young-onset type 2 diabetes 

was described as a global health crisis and an urgent call was made for more information on this aspect of the 

diabetes epidemic.7 This thesis reports that while mortality rates from all-cause, CVD, diabetes and cancer is, in 

general, decreasing among type 1 and type 2 diabetes, in young-onset type 2 diabetes (0–40 years) mortality 

from CVD or diabetes has not decreased since 2000, and even worse, mortality from all-cause and cancer has 

increased. This data highlights the severity of young-onset type 2 diabetes and the urgent need for diabetes 

prevention efforts to be targeted toward youth. Current guidelines for diabetes management in young people 

needs to be reassessed to incorporate more aggressive management of risk factors to prevent unnecessary and 

untimely deaths in this group of people.

7.3.3    Methodological concerns of epidemiological analyses for consideration   

International Classifi cation of Disease (ICD) codes for mortality are widely used in epidemiological research to 

assess the health of populations, direct the allocation of funds and inform appropriate health care policy. But 

this thesis shows that misclassifi cation of cause of death (COD) can have major implications for the conclusions 

drawn from epidemiological research.10,11 The proportion of CVD deaths potentially underestimated by using 

underlying COD was 39% and 26% for type 1 and type 2 diabetes, respectively. And this proportion has 

increased over time most likely due to an increasing awareness among doctors that diabetes is a key etiological 

factor in the development of CVD. This data shows that when death from CVD is attributed to diabetes (often 

correctly) on the death certifi cate, it can signifi cantly obscure patterns of CVD mortality if only underlying 

COD is used to attribute COD. Similar issues may also apply to other chronic diseases and their complications. 

When considering mortality data, particularly for diabetes populations, reliance on underlying COD may be 

misleading. 

Last, detection bias and reverse causation explain some, but not all, of the association between type 2 diabetes 

and some cancers. For type 1 diabetes, the number of cancer outcomes was too low to split by follow-up 

time. It is not expected that detection bias and/or reverse causation would largely contribute to associations 

between type 1 diabetes and cancer as people with type 1 diabetes are interacting with the healthcare system 

at a much younger age. By exploring associations between type 2 diabetes and cancer in different time 

segments following a new diabetes diagnosis, detection bias and reverse causation can be dissected from true 

associations. This should be a consideration of future research analysing similar associations.
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7.4 Conclusion 

This body of work has added to the current evidence-base in the association between metabolic disease and 

cancer. This work has been published in several key papers. These papers have quantifi ed the excess risk of a 

number of site-specifi c cancers among people with metabolic disease and addressed methodological challenges 

not considered in previous research. This work has wide ranging clinical and public health implications. 

These include insights into the potential cancer mechanisms; assessment of the burden and consequences of 

metabolic disease; recommendations to clinicians to be vigilant in ensuring diabetes patients are up to date 

with cancer screening according to screening guidelines for the general population; aggressive management 

of risk factors among young-onset type 2 diabetes to prevent premature mortality; the need to adapt our 

health care systems to meet the changing needs of diabetes patients in the future and the need for lifestyle 

modifi cation programs to prevent both type 2 diabetes and cancer. It is imperative that we use this data to 

inform policies that will improve the health and care of people living with metabolic disease. 
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P
ancreatic cancer is an aggressive 

malignancy which is invariably 

fatal. It is the 12th most prevalent 

cancer worldwide, and is the 9th most 

frequent cause of cancer death in 

Western countries, including Australia. 

The 5-year overall survival is less than 

1%, a figure which has not changed in 

20 years.1 Like many cancers, smoking 

is a key risk factor, estimated to be 

responsible for approximately 30% of 

all pancreatic cancers. Data on other 

key risk factors for pancreatic cancer 

are rare, however obesity, family history 

of pancreatic cancer, and diabetes 

have been shown to be independent 

risk factors. Pancreatic cancer has few 

symptoms in the early stages, and most 

people are diagnosed in metastatic 

stages of the disease. Notable symptoms 

of pancreatic cancer include weight 

loss, abdominal pain and obstructive 

jaundice. Treatment failure is common, 

with few patients with metastatic disease 

surviving beyond 4-6 months. Currently 

there is no screening test for pancreatic 

cancer and this has contributed to the 

lack of the improvement in survival 

rates. However, although progress 

is slow, evidence is accumulating to 

suggest that new onset diabetes may be 

an early marker of this disease and that 

this could be utilised with other factors 

in the screening of those at high risk of 

pancreatic cancer. 

The relationship between diabetes 

and pancreatic cancer is complex. 

Despite the significant investment by 

Pancreatic cancer and diabetes  
- what is the link?

scientists exploring the link between 

diabetes and cancer, the temporal 

relationship between diabetes and 

pancreatic cancer is still not resolved, 

and the question remains: is diabetes an 

independent risk factor for pancreatic 

cancer or does pancreatic cancer cause 

diabetes? 

 DOES DIABETES CAUSE 
CANCER?

Diabetes was first linked to 

pancreatic cancer in 1974 in a case series 

from Olmsted, Minnesota. Among this 

case series of pancreatic cancers, 17% 

had diabetes and almost half of these 

diabetes cases had been diagnosed 

at least 2 years before diagnosis of 

pancreatic cancer. In contrast, two 

decades later, results from a case-control 

study of pancreatic cancer and diabetes 

showed that most diabetes diagnoses in 

patients with pancreatic cancer occurred 

at the same time or after pancreatic 

cancer diagnosis, suggesting that 

cancer was causing the diabetes.2 Since 

then several meta-analyses have been 

published, which estimate the relative 

risk (RR) of pancreatic cancer among 

people with established diabetes (mostly 

type 2, T2D) to be approximately 2, in 

comparison to people without diabetes. 

One of these meta-analyses explored the 

issue of reverse causation and showed 

that among those with a long history 

of diabetes (of approximately 5 years), 

the excess risk of pancreatic cancer was 

about 50% lower than in individuals 

for whom the duration of diabetes 

was shorter. This suggests that at least 

some of the excess risk of pancreatic 

cancer among diabetes patients was due 

to reverse causation. In other words, 

in some cases, although the clinical 

diagnosis of diabetes preceded that of 

pancreatic cancer, the cancer probably 

developed first, and may well have 

actually caused diabetes. This issue has 

also been explored by our group3 and 

we showed that the RR for pancreatic 

cancer among diabetes patients in 

different time periods following diabetes 

diagnosis decreased from around 10 

in the first 3 months post-diabetes 

diagnosis, to approximately 1.5 in the 

first 24 months post-diabetes diagnosis. 

This gives support to the notion that 

reverse causation explains some, but 

certainly not all, of the association 

between diabetes and pancreatic 

cancer.3

A more recent meta-analysis 

combined data from 88 studies and 

reported that diabetes was associated 

with a RR for pancreatic cancer of 1.97 

(95% CI 1.78 - 2.18). Once again, the risk 

of pancreatic cancer was greatest early 

after the diagnosis of diabetes, starting 

from a RR of 6.69 and decreasing to 1.36 

at 10 years post-diabetes diagnosis.1 

Importantly, just like the other analyses, 

some increased risk of pancreatic 

cancer persists many years after 

diagnosis of diabetes. Interestingly, pre-

diabetes has also been associated with 

pancreatic cancer, with a recent study 

demonstrating that every 0.56 mmol/L 

increase in fasting blood glucose was 

associated with a 14% increase in the 

risk of pancreatic cancer. This raises 

the possibility that pre-diabetes may 

represent a good opportunity for 

prevention of pancreatic cancer.4 

…is diabetes an independent risk 
factor for pancreatic cancer or does 
pancreatic cancer cause diabetes?

Appendix 1
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For type 1 diabetes (T1D), data 

linking diabetes with pancreatic 

cancer are scarce. A meta-analysis 

of 9 studies comprising young onset 

diabetes reported a RR of around 2, 

similar to the RR reported by our group 

in those with T1D using data from a 

national Australian diabetes register.3 

Although neither of these studies can 

rule out reverse causality completely, it 

provides fairly robust evidence in this 

regard. Given the extreme infrequency 

of pancreatic cancer in people under 

25, it is more likely that T1D precedes 

pancreatic cancer than the other way 

around. 

Overall, the data support the concept 

that diabetes (T1D and T2D) is an 

independent risk factor for pancreatic 

cancer.

THE BIOLOGICAL 
MECHANISMS LINKING 
DIABETES AND CANCER

There are several possible 

mechanisms linking diabetes to 

cancer, particularly pancreatic cancer. 

These include insulin resistance, 

hyperinsulinaemia and increased 

levels of insulin-like growth factor 

1 (IGF-1), and the glucose supply 

hypothesis. But among these, 

controversy exists about which 

mechanism holds the most weight. The 

insulin/IGF-1 link is attractive as the 

mechanistic link between these two 

diseases for several reasons. There is 

good evidence to suggest that reduced 

insulin sensitivity, with compensatory 

hyperinsulinaemia and elevated 

IGF-1 seen in T2D, results in the 

stimulation of cell proliferation. This is 

consistent with the fact that both IGF-

1 and insulin are mitogenic hormones 

which are in high concentrations in 

diabetes. Animal and cell experiments 

have shown that receptors for both 

hormones are highly expressed on 

cancer cells in those with diabetes and 

therefore these hormones could act as 

tumour growth factors. 

The glucose supply hypothesis 

states that since cancer cells are highly 

metabolic and have high glucose 

requirements, tumour growth may 

be regulated by the availability of 

glucose. This is particularly relevant to 

pancreatic cancer as these cells depend 

heavily on glucose for growth. In fact, 

pancreatic cancer cells are described as 

having a ‘glucose addiction’, exhibiting 

increased glucose uptake relative to 

other cancer cells. Hyperglycaemia may 

therefore increase the risk of pancreatic 

cancer by providing more fuel for 

tumour growth. This is supported by 

studies that show that cancer risk is 

positively related to higher glycosylated 

haemoglobin (HbA1c). If the glucose 

supply hypothesis is true and glucose is 

the real culprit (rather than insulin), we 

would expect people with good control 

of diabetes would reduce their risk of 

developing cancer. However, this has 

not been borne out in trial data. Recent 

large-scale randomised controlled trials 

of intensified glycaemic control for 

T2D observed no difference between 

intensified and conventional treatment 

arms in terms of secondary outcomes 

of cancer incidence or mortality. The 

caveats here though are that these trials 

were short in duration, and not powered 

to observe differences in cancer 

rates between intensive treatment of 

glycaemia and standard care. 

DOES PANCREATIC CANCER 
CAUSE DIABETES?

Pancreatic cancer undoubtedly 

causes diabetes, although direct 

SUMMARY OF RED FLAGS TO DIAGNOSE PANCREATIC 
CANCER:

While there are few specific symptoms of pancreatic cancer, 
weight loss, abdominal pain and obstructive jaundice are 
considered red flags for this malignancy. In addition, smoking and 
family history of pancreatric cancer increase the index of suspicion 
for this cancer. Whenever any of the three cardinal symptoms are 
observed in combination with recent onset of diabetes, pancreatic 
cancer should be strongly considered. 
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destruction of pancreatic tissue may 

not be the only mechanism, with 

paracrine effects probably playing a 

role as well. Thus, there is a higher 

prevalence of diabetes in pancreatic 

cancer populations than in other 

cancers or non-cancer groups.2 

Diabetes in pancreatic cancer is often 

new onset, arising only a short time 

before the cancer is diagnosed and 

suggesting that cancer is causing the 

condition. Several studies show that 

most cases of diabetes occurring in 

association with pancreatic cancer 

are either diagnosed concomitantly 

with the cancer (approximately 40% 

of cases) or within 2 years before the 

diagnosis of cancer (16%). In other 

studies, diabetes was new onset in 

relation to the cancer diagnosis, 

appearing <24 months before the 

cancer in around 80% of pancreatic 

cancer patients.2 Several studies have 

also shown that diabetes improves 

following resection of tumours despite 

surgical removal of variable amounts 

of pancreas.2 

Interest in the association of 

new onset diabetes with pancreatic 

cancer is driven by the hope that new 

onset diabetes may be or become 

an important marker of pancreatic 

cancer. Although new onset diabetes 

on its own could never be useful as 

an early marker of pancreatic cancer 

for the general population, it could 

possibly identify a group that could 

be scrutinised more closely for other 

indications of pancreatic cancer. 
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PRACTICE POINTS:

There is evidence that 
diabetes can lead to 
pancreatic cancer, and 
that pancreatic cancer can 
cause diabetes.

Pancreatic cancer has a 
very high mortality, and 
it is currently difficult to 
diagnose early.

New onset diabetes, 
together with other risk 
factors such as weight loss, 
smoking and age >50, may 
be prove to be a useful 
early warning sign of the 
development of pancreatic 
cancer.
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For example, there is emerging data 

to suggest that modest weight loss 

during or around the time of new 

onset diabetes may also be a feature 

of pancreatic cancer. Weight loss 

occurring with new onset diabetes, 

combined with traditional risk factors 

of cancer such as age and smoking, 

could be assessed with a screening 

protocol and lead to the diagnosis of 

asymptomatic, early-stage pancreatic 

cancer in those with a high hereditary 

risk of pancreatic cancer. In addition, 

studies have also shown that pancreatic 

tumour-secreted products such as 

vanin-1, matrix metalloproteinase 

9, S100 calcium binding protein and 

islet amyloid 

p o l y p e p t i d e 

(amylin) might 

have a role to 

play as tumour 

markers and 

predictors of 

early disease. 

 Diabetes 

has become a 

pandemic and 

continues to increase 

in many parts of the world. Taken 

as a whole, the literature supports 

the concept that long-standing 

diabetes is an aetiological factor for 

pancreatic cancer. In addition, new 

onset diabetes may be an early sign 

of pancreatic cancer and could be 

used in conjunction with other risk 

factors (such as weight loss, smoking, 

and age >50) to identify those at 

high risk of this disease. Given that 

treatment for this malignancy is not 

promising and death is imminent in 

these patients, there appears a very 

strong impetus to invest in research 

in the area of early identification of 

pancreatic cancer. 
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Glycemic Control and Excess Mortality in Type 1 Diabetes

To the Editor: Lind et al. (Nov. 20 issue)1 found 
that patients with type 1 diabetes and a glycated 
hemoglobin level of 6.9% or lower had a risk of 
death that was twice as high as the risk among 
matched controls. The hazard ratio for death 
from cardiovascular disease was 3.64 among pa-
tients with diabetes who had normoalbuminuria 
(albumin:creatinine ratio, <3 mg per millimole), 
as compared with controls. However, a reduced 
threshold to define microalbuminuria has been 
suggested already.2 A very low level of urinary 
albumin clearance, exceeding just 4.8 μg per 
minute (corresponding to an albumin:creatinine 
ratio of >0.7 mg per millimole), is a strong pre-
dictor of coronary heart disease and death in ap-
parently healthy persons.2 In a study involving 
adolescents with type 1 diabetes, participants in 
the highest tertile of urinary albumin excretion 
had more evidence of early renal and cardiovas-
cular disease than those in the lower tertiles.3

We believe that it would have been wise to use 
this low cutoff point in analyses to assess the 
true increased risk of death among patients with 
diabetes. Furthermore, it may be reasonable to 
use angiotensin-converting–enzyme inhibitors to 
modify low-grade microalbuminuria in an effort 
to reduce the incidence of cardiovascular events.4

Gianluca Tornese, M.D.
Institute for Maternal and Child Health IRCCS Burlo Garofolo 
Trieste, Italy 

Martina Tubaro, M.D. 
Alessandro Ventura, M.D.
University of Trieste 
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To the Editor: Lind et al. report valuable data 
regarding the relationship between the glycated 
hemoglobin level and the risk of death among 
adults with type 1 diabetes. Their conclusion that 
a glycated hemoglobin level of 6.9% or lower is 
associated with a risk of death that is twice as 
high as that in the general population implies 
that the risk is uniform among patients with this 
low level of glycated hemoglobin. It would not be 
surprising if the risk was not uniform, since the 
degree of hyperglycemia varies according to the 
glycated hemoglobin level. For instance, in a 
study that used continuous glucose monitoring, 
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glucose levels were above 180 mg per deciliter for 
approximately 1 hour longer per day and above 
250 mg per deciliter for approximately half an 
hour longer per day in patients with a mean gly-
cated hemoglobin level of 6.8%, as compared 
with those with a mean glycated hemoglobin 
level of 6.4%.1 It would be extremely valuable in 
the counseling of patients with type 1 diabetes to 
know the risk of death that is associated with 
categories of glycated hemoglobin levels that are 
less than 6.9%. The sample of 6142 participants 
with a glycated hemoglobin level of 6.9% or low-
er is sufficiently large for a meaningful analysis.

Roy W. Beck, M.D., Ph.D.
Jaeb Center for Health Research 
Tampa, FL 
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To the Editor: Lind et al. appear to have based 
the categorization of deaths in their study on the 
underlying cause of death. However, this ap-
proach may not adequately capture the burden of 
deaths due to cardiovascular disease. When a 
death certificate indicates that a terminal cardio-
vascular event was due to diabetes, the underly-
ing cause of death is a diabetes code, not a car-
diovascular code. We recently found that deaths 
due to cardiovascular causes were underestimated 
by 38% among patients with type 1 diabetes and 
by 26% among those with type 2 diabetes.1 In the 
study by Lind et al., among all the deaths that 
occurred in the group of patients with diabetes, 
15% were categorized as unspecified diabetes-
related deaths and 3% as due to diabetes with 
vascular complications. Inspection of the full se-
ries of codes on the death certificates is likely to 
indicate that most of the latter group and some 
of the former should be added to the 34% of 
deaths that were attributed to cardiovascular dis-
ease. The inclusion of these deaths as deaths due 
to cardiovascular disease reflects the true cardio-
vascular mortality of these patients and should 
be a routine part of analyses of mortality in dia-
betes.

Dianna J. Magliano, Ph.D., M.P.H. 
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The Authors Reply: Tornese et al. suggest that 
we should have considered using a lower cutoff 
for microalbuminuria. Although low-grade albu-
minuria may be associated with an increased risk 
of adverse cardiovascular events, to our knowl-
edge this new, lower threshold has not yet been 
endorsed in practice guidelines or adopted in 
routine clinical use.1 Therefore, we felt that in a 
population-based epidemiologic analysis, such as 
our study, it was most prudent to use the thresh-
olds for albuminuria that are recommended by 
professional societies in contemporary guide-
lines and that are used routinely by clinicians. We 
agree that further large-scale population-based 
investigations should be pursued to understand 
better the relationship between a lower cutoff for 
albuminuria and cardiovascular and renal out-
comes in patients with type 1 diabetes, which 
may ultimately influence whether this lower cut-
off should be adopted in clinical practice. How-
ever, such analyses may be difficult to perform in 
current population-based registries (e.g., the Na-
tional Diabetes Register), since the current values 
for the albumin:creatinine ratio are not always 
reported in such registries (rather, they report 
whether microalbuminuria exists, according to 
current guideline-recommended thresholds).

Regarding the recommendation by Beck to 
use a threshold lower than 6.9% for the glycated 
hemoglobin level: we carefully considered this in 
our analyses. However, our intent was to exam-
ine the relationship between various categories 
of glycemic control and adverse outcomes using 
the cutoffs that are currently endorsed by the 
guidelines and adopted by clinicians in routine 
practice; hence we defined a glycated hemoglo-
bin level of 6.9% or lower (≤52 mmol per mole) 
as the on-target control category.1 Although the 
proposed analyses examining the relationship 
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between lower thresholds for glycated hemoglo-
bin (as well as albuminuria and possibly other 
variables of interest) and adverse cardiovascular 
events were beyond the scope of our study, we 
agree that such investigations would be valuable 
and should be pursued in future studies.

In response to Magliano et al.: we agree that 
the proportion of deaths due to cardiovascular 
disease in our study is likely to be an underesti-
mation and that cardiovascular disease probably 
contributed to a fair share of the deaths catego-
rized as having diabetes as the underlying cause. 
However, because many of the deaths due to dia-
betes had multiple or unspecified complications 
(including cardiovascular disease), and further-
more, because we were not able to validate the 
final chain of events leading to death from the 

data in the register, we used a conservative ap-
proach.
Marcus Lind, M.D., Ph.D.
University of Gothenburg 
Gothenburg, Sweden 

Ann-Marie Svensson, Ph.D.
Center of Registers in Region Västra Götaland 
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Mutations in NPC1L1 and Coronary Heart Disease

To the Editor: The Myocardial Infarction Ge-
netics Consortium Investigators (Nov. 27 issue)1 
reported an association between reduced fre-
quency of coronary artery disease and modestly 
lower levels of total cholesterol and low-density 
lipoprotein (LDL) cholesterol in carriers of inac-
tivating variants of NPC1L1 as compared with 
noncarriers. In the Geisinger MyCode cohort, we 
found seven heterozygous carriers of an inacti-
vating variant in NPC1L1 (R406X) in persons of 
European ancestry. Using a validated definition 
for coronary artery disease from the database of 
Genotypes and Phenotypes (dbGaP), we found 
no carrier of an inactivating variant of NPC1L1 
with coronary artery disease as compared with 
1001 cases of disease in 15,886 noncarriers. In 
persons for whom data on lipid levels were avail-
able before or without lipid-lowering therapy, 
there was no significant difference in mean 
plasma levels of LDL cholesterol between NPC1L1 
inactivating carriers and noncarriers (126 mg per 
deciliter vs. 125 mg per deciliter), and mean total 
cholesterol was lower in NPC1L1 inactivating car-
riers than in noncarriers (206 mg per deciliter vs. 
210 mg per deciliter). Our data are consistent 
with the suggestion of the Consortium that the 
modest change in plasma lipid levels alone does 
not explain the apparent protective effect of 
the NPC1L1 stop variants against coronary artery 
disease.

Uyenlinh L. Mirshahi, Ph.D. 
David J. Carey, Ph.D.
Geisinger Clinic 
Danville, PA 
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To the Editor: The Myocardial Infarction Genet-
ics Consortium Investigators tested the association 
between inactivating mutations in NPC1L1 and 
the risk of coronary heart disease. Heterozygous 
carriers of NPC1L1 inactivating mutations had a 
mean LDL cholesterol level that was only 12 mg 
per deciliter lower than in noncarriers, but result-
ed in a dramatic relative risk reduction of 53%. 
This finding validates the concept that lifelong 
LDL cholesterol reduction has a greater impact 
on risk1 than pharmacologic interventions, such 
as statin therapy, initiated later in life.2

We have previously hypothesized that increased 
dietary sterol (cholesterol and xenosterol) absorp-
tion via NPC1L1 is associated with increased 
cardiovascular risk.3,4 We further posit that there 
are sterol species in our diets (such as oxysterols, 
oxyphytosterols, etc.) that may be mechanisti-
cally linked to atherosclerosis development. We 
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Eye injuries and tasers

TO THE EDITOR: Taser (TASER 

International) injuries have been 

topical in the news media. This 

provides an important reminder 

of the possible traumatic sequelae 

associated with the use of electronic 

control devices.

A taser is a battery-powered unit 

that uses a nitrogen cartridge to 

propel two darts on a 7 m copper 

wire.1 Each dart consists of a 4 mm 

harpoon-like barbed electrode on a 

13 mm � 1 mm shaft (Box), deployed 

at 18 m/s from a distance of 3–6 m. 

Increasingly, tasers are being used by 

police in every state of Australia to 

subdue violent people.

When the deployed darts attach to 

a target individual’s skin or clothing, 

a current of up to 50 000 volts is 

released for a period of up to 5 s, 

to determine without ophthalmic 
surgical examination.1,2,71,2,7 Ocular 
damage associated with taser use 
includes mydriasis, iritis, macular 
cysts, lid lacerations, cataracts, 
retinal detachment, optic neuritis, 
vitreous haemorrhage and globe 
penetration.6 Damage may be 
thermal or mechanical,6 with visual 
outcome ranging from fi nal visual 
acuity of 6/9 to total vision loss and 
enucleation.1,2,4,5,7,81,2,4,5,7,8

depending on the skin’s resistance 
(which varies based on fat content, 
thickness, cleanliness and body 
chemistry).2 The mechanical impact 
of the barbs, combined with the 
subsequent voltage released, 
represents a considerable hazard to 
eyes, genitalia and large blood vessels 
in the neck.2

Essentially, the eyeball is a liquid-
fi lled globe with a wall thickness 
< 1 mm, making it particularly 
susceptible to electrical damage. 
TASER International states that 
“serious injury, including permanent 
vision loss” can result from barb 
contact with the eye.3 Our literature 
search found seven case reports 
and one review of ocular damage 
relating to taser use.1,2,4-81,2,4-8 In fi ve 
cases, penetration of the globe was 
reported;1,4,5,7,81,4,5,7,8 in three cases, entry 
through the lids made this diffi cult 

Taser dart, showing dimensions (mm)                             
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As taser use increases, medical staff 
need to be aware of the implications 
of both the impact energy and 
the electrical damage associated 
with taser deployment. As in the 
management of a barbed fi shhook 
penetrating the eye or ocular area, a 
taser barb should not be removed at 
the scene but should be immobilised 
(eg, by covering it with a foam 
or paper cup) until appropriate 
ophthalmic surgical removal is 
possible.1
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David A Mackey Managing Director

Lions Eye Institute, Perth, WA.
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Severe alkali burns 

from beer line cleaners 

warrant mandatory safety 

guidelines

TO THE EDITOR: Two patients at 
our tertiary referral eye hospital had 
received severe alkali burns to the 
face and eyes while cleaning beer 
lines. In hotels, pubs and clubs, beer 
lines are cleaned weekly using strong 
alkaline solutions at high pressure. 
In an accident, alkali released under 
high pressure can produce blinding 
damage.

Our patients were young, typical 
of workers at these venues, and their 
injuries have had major impacts on 
their lives. One incident involved the 
face (60%–80% of facial skin) and 
both eyes (grade IV1) of a 23-year-
old man (Box) using a commercially 

available beer line cleaner (potassium 
hydroxide; pH, 14). His eyes were 
immediately irrigated with water. 
His initial visual acuity was hand 
movements in the right eye and light 
perception in the left eye. He had 
bilateral corneal opacifi cation and 
ocular ischaemia with hypotony in 
the left eye. He was treated according 
to burns protocol,1 but a non-healing 
right corneal ulcer developed, 
requiring multiple operations. 
Bilateral reconstructive eyelid surgery 
was also needed.2 His vision is 
currently light perception and no 
light perception with hypotony, 
respectively, in his right and left 
eyes. He requires further surgery to 
preserve his remaining vision, as well 
as ongoing psychological and social 
support.

The second patient received a 
grade IV injury to her left eye in 2006. 
Multiple operations were needed to 
heal the ocular surface, along with 
psychological and social support. 
After 4 years of treatment, her fi nal 
visual acuity was light perception. She 
returned to limited work late in 2010.

Alkali injuries to the eye are 
devastating as they cause liquefactive 
necrosis and pass rapidly through 
the cornea to the eye’s internal 
structures.3 Damage to the stem cells 
of the ocular surface and intraocular 
structures produces permanent, 
diffi cult-to-treat and often blinding 
ocular disease. First aid should 
include copious ocular irrigation with 
water before referral to an emergency 
department.

Neither patient was wearing 
safety glasses. We found there are 
no mandatory safety guidelines 
in Australia (http://www.
safeworkaustralia.gov.au), the United 
Kingdom (http://www.hse.gov.uk) 
or the United States (http://www.

osha.gov), and perhaps worldwide, 
for beer line cleaning. Although the 
product information recommends 
use of safety equipment, this is not 
enforced and the equipment is usually 
not suffi cient. Most workplaces 
provide safety glasses, but these offer 
suboptimal protection from a splash 
injury. Non-vented safety goggles 
are needed for adequate protection 
and should be worn throughout the 
cleaning procedure, from set-up to 
clean-up. We suggest that mandatory 
guidelines are indicated, as although 
such injuries are uncommon, they 
are severe and debilitating in the 
working-age group, with signifi cant 
costs to the individual, health system 
and society.
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Linking data to improve 

health outcomes

TO THE EDITOR: Olver raises 
important issues concerning data 
linkage and the future of public 
health research in Australia.1 We 
agree, but want to highlight several 
other impediments to research 
opportunities in Australia.

Alkali injuries 
to the eye are 
devastating 
as they cause 
liquefactive 
necrosis

Samarawickrama et al

A: Image shows the limbal and scleral ischaemia of the left eye and bilateral opaque corneas. The sunken appearance of the left 
eye, indicative of hypotony, is a very poor prognostic sign. B: A close-up view of the left eye, showing the cloudy cornea and limbal 
ischaemia. 

Severe facial and ocular burns soon after injury  
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First, ethics applications to link 
multiple health databases are 
complex and ineffi cient. Each state 
has a different process — some 
require only a letter, others require 
full applications to ethics committees 
and data custodians. Multiple 
applications to multiple states should 
be unnecessary when a centralised 
data source is being used. Further, 
some ethics committees only meet 
quarterly, and meetings do not align 
between states. The process can 
take up to 2 years before approval is 
achieved. While the introduction of 
the National Ethics Application Form 
in 2006 heralded the streamlining of 
applications, this has not occurred, 
as the uptake of the form has been 
uneven across states.2

As a nation, we should learn 
from other models. Scandinavian 
countries lead the way in health 
linkage research3,43,4 owing to their 
well thought out systems of unique 
health identifi ers and administrative 
processes, which are not held up by 
bureaucracy. In Australia, linkage 
is conducted using probabilistic 
matching. This requires thorough 
understanding of the component 
databases and expertise in statistics 
and programming. This process is 
arduous and prone to errors and 
could be simplifi ed by the use of 
unique health identifi ers. Despite 
years of lobbying from researchers 
and some parliamentary members, 
we do not seem any closer to this 
becoming a reality.

Data linkage projects are where 
future public health research is 
headed. We need to minimise 
administration and long lag times 
between project approval and 
receiving data and to upskill staff in 
management and linkage of large 
datasets. This will facilitate productive 
research in Australia with more 
competitive outputs and, ultimately, 
better health outcomes for all 
Australians.
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TO THE EDITOR: The editorial by 
Olver1 is a reminder of the usefulness 
of linking health datasets for research 
and evaluation. While data linkage is 
not a foreign concept to many health 
services researchers, such work with 
regard to Australian primary care 
is very limited. The recent review 
of Medicare Locals noted that the 
few linkages created “only occur in 
pockets and are often constrained 
by administrative, collaborative and/
or legislative factors”.2 The public 
interest is not served by these 
barriers.

The unavailability of and lack 
of access to general practice data 
have hindered our ability to build 
a comprehensive picture of the 
interface between general practice 
and other health care services.3 The 
benefi ts of linking anonymised, 
individual-level general practice data 
with other routinely collected health 
data are enormous; it enables us to 
map the entire patient journey both 
retrospectively and prospectively, 
gives us an insight into patients’ 
use of health services, and provides 
us with the opportunity to assess 
whether the organisation of care 
for patients is effective and whether 
health services can be accessed 
by patients at the “right time”. 
Such capabilities are very relevant 
for addressing issues such as the 
increasing demand for emergency 
department services and access to 
after-hours medical care.

Further attention to and 
investment in securing general 
practice data is urgently required. 
Until this is achieved, we will be 
unable to fully realise the benefi ts 
of data linkage for informing health 
policy and practice in primary care.
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Newborn bloodspot 

screening: setting the 

Australian national policy 

agenda

TO THE EDITOR: The recent article 
by Maxwell and O’Leary1 is timely in 
outlining the obstacles to introducing 
newborn screening tests in Australia, 
and the need for a nationally 
consistent approach, where the 
benefi ts of screening are proven. 
These obstacles exist despite clear 
policy developed by the professional 
newborn screening community.2

The absence of newborn screening 
for congenital adrenal hyperplasia 
(CAH) is the clearest example of 
the impact from the absence of 
any national mechanism, where 
initiatives to introduce such testing 
have bounced between state and 

The [ethics 
application] 
process can 
take up to 2 
years before 
approval is 
achieved

Harding et al

Correction

Incorrect statement: In “Aboriginal community controlled 
health services: leading the way in primary care” in the 
16 June 2014 issue of the Journal (Med J Aust 2014; 
200: 649-652), there was an error in the “Workforce and 
training” section on page 651. The sentence “The Leaders 
in Indigenous Medical Education (LIME) Network 
has recently signed an agreement with the National 
Aboriginal Community Controlled Health Organisation 
seeking to increase Aboriginal medical student 
placements in Indigenous primary health care settings 
with a view to increasing participation in and enhancing 
the effectiveness of the medical workforce” should 
have stated that the agreement was made with Medical 
Deans Australia New Zealand, not the LIME Network. 
The LIME Network is a project of Medical Deans that 
orchestrates many of their Indigenous health initiatives, 
but the partnerships between organisations are made at 
the Medical Deans level.
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federal bodies for many years, despite clear 
evidence of benefi t.3 It is likely that a number 
of Australian children have died as a result of 
missed diagnoses while these initiatives have 
fl oundered.4 In addition, the incidence of 
CAH in Aboriginal children is about 2.5 times 
that in non-Aboriginal children, suggesting 
an even greater need for national screening.4

CAH newborn screening has benefi ts 
additional to reduced mortality. There is a 
great difference for families in taking onboard 
the complexities of managing a child with 
CAH who is well, having been diagnosed 
through newborn screening, rather than a 
critically unwell neonate unnecessarily in 
adrenal crisis in the intensive care unit. Those 
of us who manage children with CAH in 
New Zealand, where screening exists, have 
observed this crucial difference.

Working groups and governmental 
announcements supporting screening 
for CAH are welcome; however, action is 
required now to introduce newborn screening 
for CAH Australia-wide. All that is required is 
political will, without which more Australian 
children will die unnecessarily.
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Increasing incidence of 

Clostridium diffi  cile infection, 

Australia, 2011–2012

TO THE EDITOR: Slimings and colleagues 
suggest that strain typing of Clostridium 
diffi cile would give greater insight into the 
epidemiology of this infection in Australia,1 as 
it has in the United Kingdom,2 demonstrating 
less inhospital transmission than suspected in 
the past. We believe this to be the case.

In a 2-year study of symptomatic C. diffi cile 
infection at our 350-bed tertiary hospital,33 

we identifi ed 262 cases between October 
2011 and October 2013. Of these, 150 (57%) 
were hospital-onset cases after 48 hours of 
admission. Ribotyping of 147 of these strains 
showed 44 different types. There appeared 
to be no secondary cases of diarrhoea from 
symptomatic patients in our hospital, where 
patients with C. diffi cile infection are isolated 
immediately after being identifi ed.

We identifi ed only one possible cluster 
of seven cases of ribotype QX076 on a 
rehabilitation ward between March and 
September 2013. This ward has only two 
rooms with ensuite toilet facilities, with most 
toilets being shared by four patients. When a 
toilet is fl ushed without the lid closed, aerosol 
production may lead to surface contamination 
within the toilet environment, increasing 
the risk of case-to-case transmission of C. 
diffi cile.4 Apart from this cluster, most cases 
were singletons. As we found many different 
ribotypes, it could be hypothesised that cross-
transmission is generally rare, with clustering 
being the exception rather than the rule.

The greatest numbers of cases were found 
on haematology/oncology and geriatric 
wards. No cases involving ribotype UK 027 
were identifi ed. The most common ribotypes 
in hospital- and community-onset cases 
belonged to the UK 014/020 group. There 
were 53 cases (20%) of community-onset 
infections without evidence of health care 
system contact. Fifteen of these had ribotypes 
not found in the hospital-onset cases.

Further investigations are required to assess 
the role of asymptomatic carriers in hospital 
infection and to defi ne the relationship to 
toilet facilities and cleaning effi cacy.
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