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        Worldwide, the prevalence of both obesity and cancer are rising. So far, there is an association between obesity and an increased risk of at least 20 different cancers and this number is increasing. The mechanism behind obesity increasing the risk of cancer varies. The importance of looking at all aspects of obesity, such as hip to waist ratio, body fat distribution and waist circumference, in addition to BMI has been acknowledged in order to further understand these mechanisms. The duration of time a person is obese for, and whether their weight gain was in childhood or adulthood can also affect risk of cancer, however this can be hard to distinguish as obese children and adolescents frequently remain obese into adulthood.
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        Introduction

The World Health Organisation (WHO) have recognised obesity, defined as a body mass index (BMI) ≥ 30kg/m2, as a widespread epidemic and a disease within itself, which is chronic and progressive in nature with potential for relapse.1,2 In 2016 an excess of 1.9 billion individuals aged 18 plus were overweight (with a BMI of ≥25kg/m2), of which more than 650 million had a BMI ≥ 30kg/m2. World-wide rates of obesity have increased almost three fold between 1975 and 2016.2 If this trend is to continue, it is predicted that between 2016 and 2025, worldwide obesity levels will increase from 11% to 18% in men and from 15% to exceed 21% in women.2,3

Being overweight or obese and having an excess adiposity is known to increase the risk of many diseases, including several cancers. In the ‘Father of Medicine’, Hippocrates depicted cancer as a crab like structure, and highlighted the risks associated with excessive food consumption.4 An observational UK based study which involved 3.6 million people, demonstrated that both cardiovascular disease and cancer are significant causes of mortality in those who are overweight or obese.5 Additionally, obesity is one of the biggest preventable causes of cancer in the UK, second only to smoking.6

Adequate evidence has become available to support the association between excess body fat and the development of 14 different cancers.7 These include, but are not limited to, some of the most common cancers, such as breast and colorectal, as well as some of those with the poorest prognoses, such as oesophageal and pancreatic.7,8 Risk of other cancers (Table 1), including more recently advanced prostate cancer, have also been found to be increased with obesity.9,10,11,12

 

Table 1 Cancers linked with obesity

	
*Breast cancer

(post-menopausal)

	
*Colon

	
*Oesophageal (adenocarcinoma)

	
*Thyroid

	
*Kidney (Renal cell carcinoma)


	
*Liver

	
*Rectum

	
*Pancreatic

	
*Gall bladder

	
*Multiple myeloma


	
*Gastric cardia

	
*Ovarian

	
*Endometrium

	
*Meningioma

	
Leukemia


	
Non-Hodgkin’s lymphoma

	
Prostate

	
Cervical

	
Glioma

	
Malignant melanoma



*Those recognized by the International Agency for Research on Cancer (IARC)

In this narrative review we have looked at current epidemiology for both obesity and cancer and we have appraised the current understanding of how obesity can increase the risk of certain cancers. In doing so, we have primarily focused on how body fat distribution and the duration and onset of obesity can possibly affect the cancer risk.

Search strategy

We collated and compared the relevant literature for papers published in English between 1997 and 2020, searched using PubMed. Key words used in the search include, but are not limited to, ‘cancer’, ‘obesity’, ‘oncology’, ‘BMI’ and ‘malignancy’, whilst key terms included ‘body fat distribution’ and ‘onset of obesity’. Some papers were identified from the reference lists of articles found in the initial search. No study was excluded, whilst studies with a long follow up time were favoured.

Incidence of Obesity and Cancer with Associated Mortality

Cancer in itself is one of the primary causes of death across the globe causing 9.56 million deaths worldwide in 2017, second only to cardiovascular diseases, which obesity also increases the risk of.13 Published work identified that in the same year, obesity led to 4.7 million premature deaths.14 Trends have shown that the number of obese and overweight adults in the world, and in the UK are increasing annually as are the number of individuals with cancer.13,15

The number of individuals dying from cancer worldwide is increasing. Approximately 5.7 million people worldwide died as a result of cancer in 1990 and by 2017 there had been almost a 68% increase, however this is not taking population expansion into account. When population growth is taken into account, there has still been a 17% increase in deaths due to cancer, which is shown as death rate (deaths per 100,000). When looking at the UK in isolation, from the 1.7 million deaths in 1990, there was a general reduction in death rates from cancer up until the year 2014, but there has been a steady increase since then.13

Extremes of BMI have been associated with an increase in overall mortality risk, which increases exponentially when BMI is greater than or equal to 30 kg/m2. Furthermore, overweight and obese individuals who currently have cancer were found to have worse survival rates, and those who have had it previously, were found to have a greater risk of recurrence for multiple cancers including colorectal and breast.3 Collectively, this highlights the rationale behind this literature review.

How Obesity Can Increase the Risk of Cancer – What we know so far

The relationship between obesity and cancer is not fully understood, whilst the exact mechanisms of carcinogenesis will vary between cancers, alluding to the complexities of the relationship.3 In some cases, it is the direct effect of having excessive adipose tissue that will increase risk, as having more adipose tissue can enhance the metabolism of sex hormones. This is particularly relevant to hormone sensitive cancers, including those of the breast, endometrium and prostate.3,16

In other cases, the risk is increased secondary to the diseases that can result from obesity, such as type 2 diabetes mellitus (T2DM), which has been shown to increase the likelihood of certain cancers.3,7 Aside from its role in energy metabolism, insulin has mitogenic properties meaning it can induce cell division.17 This is apparent in obesity, when the number of pancreatic beta cells increases to produce more insulin to overcome insulin insensitivity (a consequence of obesity). This results in chronic hyperinsulinemia, the effects of which can be seen in Figure 1.

Figure 1 Hyperinsulinemia and cancer risk

IGFBP-1 = insulin like growth factor binding protein 1; IGF- 1 = insulin like growth factor 1; SHBG = sex hormone binding globulin

 






Colorectal cancer is amongst the top three causes of cancer deaths and evidence suggests hyperinsulinemia is a key mechanism for its development. Individuals who are obese have a 30% higher risk of developing colorectal cancer compared to those who’s BMI is less than 30 kg/m2. 18,19

Genetics also play a role. The fat mass and obesity associated (FTO) gene plays a role in appetite control and whilst overexpression of this gene is linked with increased food uptake, there is evidence to suggest there is a high risk variant of this gene that increases risk of obesity, but the gene has also been linked directly to breast, endometrial, pancreatic and colon cancer.20,21

Human melanocortin 4 receptor (MC4R) is involved in appetite control and the mutation of the gene has been associated with obesity, including up to 6% of cases of severe early onset obesity.22,23 A large evaluation study looking at obesity related genes showed that MC4R has been linked with a greater chance of developing colorectal cancer.21

Leptin, visfatin, adiponectin and resistin are adipokines released from adipocytes.24 Biochemical pathways resulting from excess adiposity has been postulated as another mechanism which relates cancer to obesity. In obese individuals, the levels of pro-inflammatory adipokines are elevated, whilst the levels of anti-inflammatory adipokines are reduced. In addition, there are altered levels of chemokines and cytokines.24,25 Collectively this resultant inflammatory environment promotes carcinogenesis as shown in Figure 2.

Figure 2 Biochemical pathways linking obesity to cancer

IL6 = interleukin 6; IL8 = interleukin 8; MCP-1 = monocyte chemoattractant protein -1; MIP 1α/ 2α = macrophage inflammatory protein 1 alpha/ 2 alpha; TNFα = tumour necrosis factor alpha

 




Some of the physical medical problems that result from obesity can also raise the likelihood of cancer. Gastro-oesophageal reflux disease (GORD) is more prevalent in obese individuals. Erosive oesophagitis as well as Barrett’s oesophagus (BO) could complicate GORD and increase the risk of adenocarcinoma of the oesophagus.8

Oesophageal adenocarcinoma that results from BO is considered a male predominant disease, with males at least four times more likely than their female counterparts to develop it.26 Oestrogen receptors have been demonstrated in Barrett’s mucosa, with certain subtypes deemed more protective than others.27,28 Furthermore, studies involving animals have shown estradiol can have a protective role in rodents with oesophageal tumours.29 Whilst the mechanism of protection is still not yet known, larger epidemiological studies have also demonstrated a potential protective effect in women taking long term hormone replacement therapy.30

Obesity related hypertension can influence the development of renal cancer, whilst low levels of iodine have been linked with increasing the likelihood of follicular thyroid cancer, possibly due to increased thyroid stimulating hormone (TSH) levels, which are also commonly found in obese individuals.31,32,33 In contrast, high iodine levels have been linked with higher levels of papillary thyroid cancer and hence the pathophysiology of obesity in thyroid cancer is complex and not yet fully understood.34

Bacteria has been reported to promote inflammation and cancer cell proliferation via cytokine production. The interaction between helicobacter pylori and interleukin 22 has been shown to promote tumour genesis in gastric cancer.35

While the risk between obesity and colorectal cancer has been well established, one proposed mechanism is alterations in the gut microbiome. Certain gut microbes such as streptococcus spp, bacteroides spp, escherichia coli, fusobacterium nucleatum and enterococcus faecalis which all have pro-oncogene components have been implicated.36

Body Fat Distribution in Obesity and Cancer

Whilst overall body fat is relevant to obesity, the distribution of it is equally important. Visceral fat/ adiposity, also known as central adiposity, has a greater link with adverse health than the fat which is distributed further away from vital organs, around the hips, thighs and buttocks, known as subcutaneous fat.37

Mendelian randomisation to analyse the relationship between adiposity and cancer was studied. Variables such as single nucleotide polymorphism associated with BMI, waist to hip ration (WHR) and birth weight were used. This has shown a strong causal relationship between obesity and colorectal cancer.38

Once women have gone through the menopause, distribution of body fat changes, increasing visceral adipose deposition, which is not reflected in BMI.39,40

A significant relationship has been identified which links a high visceral obesity with an increased risk of cancer of the gastrointestinal tract, female genital organs and lung, independent of smoking. The same study which recruited a large number of postmenopausal women noted a significant association between breast cancer and BMI, but fail to show a significant relationship with central obesity.16 Furthermore, it was noted that obesity may be linked to some cancers independent of BMI. Gold standard measures such as dual energy X-ray absorptiometry (DXA) scanning should be used to determine the distribution of lean and fat masses throughout the body and would be more appropriate if available.16

Similarly, another study that looked at the size of individuals throughout life and endometrial cancer risk, identified a weakness in using BMI as a single marker for obesity. It recognised the importance of looking at other measurements, including waist circumference and WHR, in conjunction with BMI to identify links between obesity and lifetime cancer risk, which are also cheaper and more readily available than DXA scanning.41

Visceral fat was found to be associated with a higher risk of advanced prostate cancer in men with a BMI greater than 27, in a prospective male only study.9 This further supports the importance of visceral fat independent of BMI. In this study, CT scanning was used to measure the distribution of body fat. According to Hills criteria the study provides sufficient evidence for a causal relationship.42 The study recognised the importance of looking at body fat distribution, identifying that as men get older, muscle mass is lost and body fat is redistributed towards the visceral compartments. BMI therefore becomes a less reliable indicator in this age group than men of a younger age.9 It also noted that body fat distribution could potentially be an indicator for some of the metabolic, hormonal and inflammatory changes linked with obesity that could have an integral role in prostate cancer development. In keeping with this, an increase in visceral fat has been associated with a lower level of free testosterone and has a stronger link to insulin resistance and proinflammatory cytokines than subcutaneous fat.9

Duration and Onset of Obesity and Cancer Risk

There are few studies so far which have investigated the timing and duration of weight gain and the consequent effects, or whether the vulnerability to cancer from obesity depends upon specific time periods in life.

A large longitudinal study which monitored 221,274 individuals over a mean of 17.6 years investigated BMI, weight and cancer risk associated with obesity. The study showed significant associations for men only, where the longer they were obese, the more likely they were to develop cancer.43

In support of this, Staunstrup et al concluded that the longer an individual was obese or overweight, the greater the risk of developing cancer. The severity of an individual’s weight in adulthood also seemed to have a strong influence on the likelihood of cancer. This was significant for endometrial cancer, where cancer risk increases by 17% for every ten year period of being overweight in adulthood. This was the first study to investigate the impact of the duration of obesity has on the risk of developing cancer in a large population of postmenopausal women.16 The link between obesity and endometrial cancer has been suspected for some time, with Robert Thomas hypothesising a link as early as 1811.44

The period in life in which an individual is overweight or obese is important, with the International Agency for Research on Cancer (IARC) acknowledging the increasing findings that those who are obese in childhood are more likely to develop at least one of several different cancers in adulthood.7 It is also acknowledged that children and adolescents frequently remain obese into adulthood.45

The study investigating ‘BMI and weight, and the risk of obesity related cancers’ also identified individuals whose BMI was 25-29.9kg/m2 before they reached 40 years of age, were at a 15% greater risk of developing an obesity related cancer (Table 1). The greatest risks were found to be for endometrial cancer, and in men, renal cell carcinoma and colon cancer. This paper finds a consistent association between both duration and onset of obesity, particularly to endometrial cancer.43

Morbidly obese patients who have undergone bariatric surgery have a reduced cancer incidence associated with sustained weight loss with reproducible results.46,47 A meta analysis study using the data for over 600,000 individuals concluded that bariatric surgery reduced the overall likelihood of developing obesity related cancers, particularly breast cancer. Bariatric surgery has so far been found to be the most effective way to achieve and sustain a lower BMI in obese patients.47

There are two types of bariatric surgery for super or morbidly obese patients (those with a BMI ≥ to 40kg/m2), or those with a BMI of 35-39.9kg/m2 with a significant disease such as T2DM.48,49 Despite their efficacy in reducing the risk of obesity related cancers, they each have an infrequent association with certain gastrointestinal cancers.

Restrictive surgery, also referred to as a sleeve gastrectomy, is highly effective for weight loss, however in very few cases it may increase the risk of oesophageal adenocarcinoma. Although weight loss can improve reflux symptoms in the majority, for some these symptoms may worsen with restrictive surgery.50 GORD is a precursor to BO and consequently, increasing the frequency of reflux will increase risk of BO, which can progress to oesophageal adenocarcinoma. Preoperative endoscopy may help to identify signs and severity of GORD or BO to detect those who may be better suited for an alternative surgical method.50,51

The other surgical option is gastric bypass surgery. Although very rare, there have been a few case reports of cancer developing in the remnants of the stomach located mainly in the antrum/prepyloric region.52

Conclusion

The association between obesity and risk of cancer is complex with multiple proposed mechanisms. Most of the research has focused on hormone sensitive cancers. Duration and onset of obesity, along with distribution of body fat are important in the link between obesity and cancer. There is limited information regarding the impact of weight loss on cancer risk due to limited success in achieving weight loss using lifestyle modifications only. Studies have shown that bariatric surgery can reduce cancer risk in obese individuals who have sustained a healthier weight. Nevertheless, more research is required before definite conclusions can be drawn. 
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