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Phosphate and Oxysterols May Mediate an Inverse 
Relationship Between Atherosclerosis and Cancer

Abstract
The peer-reviewed literature has reported an inverse relationship between atherosclerosis and 
cancer for almost 100 years, but no causative mechanism has been established to explain this 
puzzling relationship. More recent research has reported an association between tumourigenesis 
and phosphate toxicity from dysregulated phosphate metabolism, and an association has also been 
reported between atherosclerosis and cholesterol oxidation products or oxysterols. The present 
review article synthesises these research findings and proposes that an inverse relationship between 
the associated risk of cancer and atherosclerosis may be mediated by tumourigenic and atherogenic 
dietary patterns containing inverse proportions of dietary phosphate and oxysterols. Low-fat animal-
based foods generally have reduced cholesterol and oxysterol levels and relatively higher protein 
and phosphate levels, and dietary patterns containing these foods are associated with reduced 
atherosclerosis risk and increased cancer risk. By comparison, full-fat animal-based foods are higher 
in cholesterol and oxysterols and relatively lower in protein and phosphate, and dietary patterns 
containing these foods are associated with increased atherosclerosis risk and reduced cancer risk. 
Fruits, vegetables, and plant-based fats generally have lower phosphate levels and no cholesterol, 
and dietary patterns associated with increased amounts of these foods, such as the Mediterranean 
diet, reduce risk for both cancer and cardiovascular disease.

INTRODUCTION

“If it’s not one thing, it’s another” is the sardonic 
title of an article by Li et al.1 which describes a 
puzzling inverse relationship between cancer and 
atherosclerosis. Observing that atherosclerosis 
is a major causative factor in cardiovascular 
disease, Li et al. identified that cardiovascular 
disease and cancer are the two leading causes 
of morbidity and mortality in developed nations. 
A recent 2019 analysis showed that cancer has 

surpassed cardiovascular disease as the leading 
cause of death in high-income nations.2 While it 
may seem surprising that the associated risk of 
one of these diseases goes up as the other goes 
down, even more surprising is that no cause 
has been established to account for this inverse  
relationship, which has remained an unsolved 
mystery for decades. Li et al. noted that 
observations of the inverse association of cancer 
and atherosclerosis extend back as far as over 
half a century ago, but similar observations 
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extend back even further than that.1 Elkeles3 
reviewed the research of early 20th century 
pathologists, including Busch in 1924, Casper 
in 1932, Sjoeval and Wihman in 1934, and 
Wegelin in 1935, all of whom observed a very 
low frequency of advanced arteriosclerosis in  
cancer cases. 

More recently, a prospective study that followed 
5,262 elderly people for over 12 years found 
that deceased participants with symptomatic 
atherosclerotic disease, including coronary 
disease and atherosclerotic stroke, had 
approximately 30–40% reduced mortality from 
cancer compared to deceased participants 
without symptomatic atherosclerotic disease.4 
Another analysis of 2,370 autopsy reports over 14 
years found that cancers of the pancreas, breast, 
and colorectum, as well as lymphomas/lymphoid 
leukaemia and sarcomas had strong inverse 
correlations with atherosclerosis.5 One modern 
theory proposing a plausible explanation for the 
inverse association of cancer and atherosclerosis 
suggests that the administration of statins might 
increase the associated risk of cancer; however, 
a recent review of the literature suggested 
that statins were more likely associated with a 
decreased cancer risk.6 Furthermore, statins were 
obviously not in use during the early decades 
of the 20th century when an inverse relationship 
between cancer and atherosclerosis was first 
observed. Another explanation for the inverse 
relationship of these two diseases proposed that 
chemotherapy lowered atherosclerosis in cancer 
patients, but Li et al. dismissed this proposal as 
unsubstantiated and inconsistent with the known 
pathobiology of atherosclerosis.1

Li et al. conducted an analysis of cancer 
and atherosclerosis based on 1,024 autopsy 
reports from Brigham and Women’s Hospital 
in Cambridge, Massachusetts, USA, and the 
researchers conducted a second analysis 
from the database of the Harvard Catalyst 
Shared Health Research Information Network; 
both analyses confirmed a significant inverse 
relationship between cancer and atherosclerosis.1 
The explanation offered by the researchers 
speculated upon a difference in patient propensity 
toward inflammatory properties, arguing that an 
inflammatory immune response appears more 
directly associated with atherosclerosis than 
with cancer. The researchers’ hypotheses might 
help explain lower atherosclerosis among cancer  

cases, but it does not explain reports of lower  
cancer among atherosclerosis cases. Furthermore, 
the researchers’ proposed explanations 
only account for a potential difference in  
disease mechanisms from a pathophysiological 
perspective, without considering a wider range 
of causes and factors associated with increased 
disease risks from an epidemiological perspective. 

Shared modifiable risk factors, including smoking 
and poor nutrition, are associated with increased 
risks for both cardiovascular disease and cancer.7 
Smoking tobacco is a risk factor associated 
with smoking-related cancers as well as  
atherosclerosis; however, there was a strong 
inverse association of nonsmoking related  
cancers and atherosclerosis in an analysis of 2,101 
deceased patients.8 Aside from smoking, the 
current review article investigates poor nutrition 
as a risk factor for cancer and atherosclerosis, 
and proposes that different dietary patterns  
containing inverse ratios of phosphate 
and oxysterols, which are correspondingly 
associated with increased risks for cancer and 
atherosclerosis, may provide a novel hypothesis 
that explains the inverse associated risk of cancer 
and atherosclerosis.

OXYSTEROLS AND ATHEROSCLEROSIS

The following is a brief summary of the association 
of oxysterols and atherosclerosis, based on a  
more detailed review of the existing research 
literature.9 Atherosclerosis is associated with 
serum levels of low-density lipoprotein cholesterol 
(LDL-C).10 As atherosclerosis develops, a lesion 
grows within the inner or intima layer of the  
arterial vascular wall.11 The inner layer of the 
vascular wall is lined with endothelial cells  
which form a barrier that normally regulates 
selective permeability of certain biomolecules 
from the blood plasma, but this permeability 
becomes dysregulated in cardiovascular disease.12 
Endothelial cells are lined with membranes 
formed by a phospholipid bilayer which 
contains cholesterol molecules that strengthen  
the membrane.13

Oxysterols are cholesterol oxidation products 
that originate from endogenous and 
exogenous sources, including dietary sources 
of cholesterol that have undergone oxidation 
through processing, preparation, and storage.14 
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During the formation of oxysterols, oxidation 
changes the molecular structure and polarity 
of cholesterol, which creates packing defects 
in the vascular endothelial cell membranes as 
oxysterols enter into the phospholipid bilayer 
and do not line up properly compared to normal 
cholesterol.15 Packing defects from oxysterols 
eventually increase endothelial cell membrane 
permeability to protein from the blood plasma.16 
This pathophysiological mechanism could explain 
unregulated permeability of serum LDL-C into 
the subendothelial space of the arterial wall, with 
subsequent LDL-C oxidation by immune cells  
and eventual formation of foam cells and an 
atheroma which extends into and blocks the 
lumen of the arterial vessel.17 

In vitro experiments have demonstrated 
that oxysterols alter endothelial barrier 
permeability compared to normal cholesterol,18 
and atherosclerosis in the aortas of rabbits 
increased dramatically when the rabbits were 
fed oxysterols.19 Although further research is 
needed to investigate the pathophysiological 
mechanism described above, clinical evidence 
continues to link oxysterols with atherosclerosis. 
For example, elevated serum levels of oxysterols 
in patients were associated with increased risk for 
atherosclerosis and cardiovascular disease.20,21 

Conventional dietary guidelines to reduce 
atherosclerosis, according to the Therapeutic 
Lifestyle Changes programme of the National 
Heart, Lung, and Blood Institute (NHLBI) in the 
USA, recommend reducing saturated fat to no 
more than 7% of calories and cholesterol to no 
more than 200 mg/day.22 More recently, the 
2015 Dietary Guidelines Advisory Committee 
of the USA Department of Agriculture (USDA) 
and the U.S. Department of Health & Human 
Services (HHS) issued a scientific report that is 
less restrictive of cholesterol intake.23 However, 
neither of these guidelines mention oxysterols, 
nor are oxysterols included in nutrient databases 
of foods. 

Of relevance, symptoms of angina rapidly 
regressed in patients prescribed a vegan diet 
which contained no cholesterol, and presumably 
no oxysterols, but symptoms returned when dairy 
and eggs were added to the diet.24 In the first 
controlled clinical trial of a dietary intervention 
that reversed coronary heart disease, Ornish et 
al.25 used a vegetarian diet with small amounts 

of nonfat milk and egg whites, which contain 
little and no cholesterol, respectively. However, 
a more recent study found that stroke rates in 
vegetarians and vegans were 20% higher than 
in meat eaters,26 although the researchers could 
not identify causative dietary factors. Salt intake 
is associated with stroke in countries like China.27 
Investigations should determine if vegans and 
vegetarians consume excessive salt in soy sauce, 
tamari, salted nuts, seeds, nut butters, processed 
snacks, exotic seasonings like Himalayan salt and 
sea salt, and high amounts of salt in baked grain 
products28 and processed meat alternatives.29 

A review examining the association between 
below-normal vitamin B12 status and 
cardiovascular health in vegans suggested that 
normal B12 levels might have a cardioprotective 
effect.30 A limitation of the reviewed studies is that 
changes observed in cardiovascular surrogates, 
flow-mediated endothelium-dependent dilation 
and carotid intima-media thickness, may not 
translate to actual cardiovascular events. 
Additionally, there are many vegan foods 
available that are fortified with vitamin B12, and 
the researchers suggested that vegans monitor 
their vitamin B12 status “to reap the full benefits 
of cardiovascular disease prevention in plant-
based eating styles of vegan diets.”30 Having 
reviewed evidence implicating dietary oxysterols 
in atherosclerosis, the next section of this article 
examines the leading cause of mortality in high-
income nations: cancer, and its association with 
dysregulated dietary phosphate. 

PHOSPHATE TOXICITY AND 
TUMOURIGENESIS

As risk factors for cancer increase through the 
global spread of Western lifestyles and an ageing 
population, cancer is projected to increase to 
22.2 million new global cases in the year 2030.31 
Substances that are identified as carcinogenic 
in laboratory analyses do not always progress to 
cancer in real life,32 implying that other cancer 
growth factors are involved in tumourigenesis. 
Schipper et al.33 suggested that cancer 
promotion is linked to dysregulated metabolic 
pathways which may be reversible. A recent 
review34 supported the role of dysregulated 
dietary phosphate metabolism in the promotion 
and progression of tumourigenesis, which 
may be modified by a low-phosphate diet. 
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Phosphate is formed from the essential 
micronutrient phosphorus, and inorganic 
phosphate in the body is normally regulated by 
endocrine communication between an axis of 
organs consisting of the kidneys, skeletal system, 
parathyroid glands, and intestines.35 If this axis 
becomes burdened, phosphate metabolism 
becomes dysregulated and extracellular and 
intracellular levels of phosphate may accumulate, 
leading to a harmful condition known as 
phosphate toxicity. Evidence suggests that 
excess phosphate may accumulate in the tumour 
microenvironment. For example, compared 
to normal cells, cancer cells from the ovaries, 
lung, breast, and thyroid overexpress sodium–
phosphate cotransporters,36,37 which allow cells to 
absorb and sequester large amounts of inorganic 
phosphate from the tumour extracellular 
microenvironment. Tumour cells of the lung 
and colon were observed to contain levels of 
inorganic phosphate that were up to twice as high 
as normal cells.38 Excess inorganic phosphate was 
found to increase biogenesis of ribosomal RNA, 
which stimulates protein synthesis and promotes 
cancer cell growth.39 Using animal models, 
researchers found that high levels of dietary 
phosphate increased growth of skin cancer40 and 
lung cancer,41 activating cell-signalling pathways 
involving PI3K, protein kinase B, and mTOR.42 
Progression of cancer in metastasis has also been 
linked to high concentrations of phosphate in  
extracellular tissue.43

Higher serum phosphate levels were positively 
associated with cancer in adults,44,45 except in 
females with reproductive cancers, possibly 
related to a shift of high serum phosphate levels 
into rapidly growing reproductive tissue. Of 
relevance to the present article, a ketogenic diet 
reduced tumours in experimental animals46 and in 
patients with brain cancer.47 A sample ketogenic 
diet used to medically treat children with 
epilepsy provides a 4:1 ratio of fat g to nonfat g.48 

Extrapolated to a diet sufficient in calories for an 
adult, the low-phosphate level of the ketogenic 
diet lies below the recommended dietary intake 
of 700 mg of phosphorus per day for an adult. 
Nevertheless, despite benefits associated with 
reducing cancer risk, the high-fat ketogenic 
diet has also been associated with arterial wall 
dysfunction in children and adults with epilepsy.49 

ATHEROGENIC AND TUMOURIGENIC 
DIETARY PATTERNS

The preceding literature review provides 
evidence that an atherogenic dietary pattern is 
high in cholesterol, saturated fat, and oxysterols, 
and a tumourigenic dietary pattern is high in 
phosphate as well as protein. Dietary phosphate 
is closely correlated with dietary protein, with 
approximately 12–14 mg phosphorus for each g of 
protein.50 Therefore, as the macronutrient ratio of 
protein increases in a dietary pattern, phosphate 
often also increases.

Figure 1 compares a proposed inverse ratio of 
phosphate and oxysterols in atherogenic and 
tumourigenic dietary patterns. Note that as the 
public is encouraged to consume more low-fat 
and nonfat foods, which reduce the associated risk 
of atherosclerosis, the macronutrient proportion 
of proteins and phosphate increases in the diet, 
thereby increasing the associated risk of cancer 
linked to high phosphate intake. Inversely, as the 
public consumes a greater proportion of animal-
based foods high in saturated fat, cholesterol, and 
oxysterols, the associated risk of atherosclerosis 
increases while the lower macronutrient 
proportion of protein and phosphate in the diet 
reduces the associated risk of cancer.

FUTURE PREVENTION OF CANCER 
AND ATHEROSCLEROSIS

An optimal solution to the dilemma of an 
inverse association between atherosclerosis and 
cancer might be to lower dietary intake of both 
phosphate and oxysterols by increasing dietary 
intake of fruits, vegetables, and plant-based 
fats, as in a Mediterranean dietary pattern.51 A 
plant-based dietary pattern is associated with 
lower cardiovascular disease risk and mortality 
in middle-aged adults.52 Dietary guidelines for  
cancer prevention from the American Cancer 
Society (ACS)53 and the World Cancer Research 
Fund/American Institute for Cancer Research 
(WCRF/AICR)54 also emphasise a whole-
foods plant-based dietary pattern with limited 
consumption of refined grain products and 
processed meat. In addition, the ACS guidelines 
provide advice on properly balancing strict 
vegetarian or vegan diets with vitamin B12, zinc, 
iron, and calcium to meet the special needs of 
premenopausal women and children. 
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Specific cancer sites associated with different 
dietary factors are also mentioned in the ACS 
guidelines, such as cancers of the breast, 
colorectum, endometrium, and other organs. 
Tumourigenic properties of excess phosphate is 
an overlooked dietary factor that may be involved 
in many of these specific cancers, and more 
research is needed to investigate the effects 
of excess phosphate by specific cancer site. In 
addition, many specific food items such as full-fat 
meats, dairy, and eggs have high levels of animal 
protein and phosphorus in addition to high 
levels of fat and cholesterol, thus increasing the 
associated risk of both cardiovascular disease and 
cancer in investigations that include these foods. 

Nevertheless, the overall dietary pattern, not any 
particular food, could be the determining factor 
in the inverse association between atherogenic 
and tumourigenic diets.

Table 155 shows the low phosphorus content 
of selected fruit and vegetables compared to 
grains, legumes, and animal-based foods.55 A 
recent meta-analysis of 95 studies found that 
intake of fruit and vegetables was associated 
with significant reductions in cardiovascular 
disease and cancer.56 The researchers observed 
dose-response reductions in diseases 
associated with daily combined fresh fruit 
and vegetable intakes of up to 800 g for 
cardiovascular disease and 600 g for cancer.  

Figure 1: Dietary patterns. 

Proposed inverse ratio of phosphate and oxysterols in atherogenic and tumourigenic dietary patterns.

https://www.emjreviews.com/
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This amount of fruit and vegetables is double 
the 400 g currently recommended by the World 
Health Organization (WHO)57 and the World 
Cancer Research Fund (WCRF).58

Plant-based dietary fats, like olive oil in the 
Mediterranean diet, have also been associated 
with lower cancer and atherosclerosis risk.59 Of 
relevance, oils obtained from plant-based foods 
are generally stripped of the mineral content 
found in whole foods, so these oils often contain 
little or no phosphorus. In addition, cholesterol 
is lacking in plant-based foods, providing little 
chance for the formation of cholesterol oxidation 
products in plant-based oils. Whole foods such 
as nuts, seeds, coconuts, and avocados contain 
moderate to high amounts of phosphorus. But 
because these plant-based foods are also high 
in fat and calories, their overall phosphorus  
caloric density, or phosphorus per calorie, is 
relatively low, especially compared to the very 

high phosphorus caloric density of lean flesh 
foods, nonfat dairy, legumes, and grain products. 

CONCLUSION

This article proposes a novel hypothesis 
suggesting that the answer to the nearly century-
old riddle of an inverse relationship between 
atherosclerosis and cancer may be explained by 
inverse proportions of phosphate and oxysterols 
in atherogenic and tumourigenic dietary 
patterns. Furthermore, evidence linking reduced  
associated risks for cancer and cardiovascular 
disease with plant-based dietary patterns, 
especially diets abundant in fruits and vegetables 
with moderate amounts of plant-based fats, 
infers that a substantial change in current dietary 
patterns of developed nations is necessary for 
the future prevention of cardiovascular disease  
and cancer.

Adapted from U.S. Department of Agriculture, Agricultural Research Service.55

Table 1: Phosphorus in selected food items.

Food item Phosphorus (mg/100 g) Food item Phosphorus (mg/100 g)

Pineapple 8 Potato 57

Grapefruit 8 Date 62

Apple 11 Broccoli 67

Pear 12 Whole milk 84

Fig 14 Green peas 108

Orange 14 Wholegrain pasta 110

Cantaloupe 15 Tilapia 170

Grapes 20 Chicken breast 174

Banana 22 Whole egg 198

Celery 24 Sirloin 209

Tomato 24 Chickpeas 252

Carrot 35 Lentils 281

Romaine 35 Black beans 352

Kale 55 Cheddar cheese 455
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