Position Statement July 2015: Saturated fat doesn’t increase cardiovascular disease (CVD)
in people with diabetes …………have we been fighting the wrong demons?
Despite significant advances in management strategies CVD remains the leading cause of morbidity and mortality.
Between April 2010 and March 2012, 37,000 people with diabetes in England and Wales were admitted to hospital
with a heart attack. Diabetes increases risk of Angina by 76% and myocardial infarction by 55% compared with the
general population.1 Given the role played by fatty plaque (containing cholesterol) earlier thinking demonised dietary
saturated fat. This paper will provide conclusive evidence that saturated fat is not the cause of CVD and that the
adverse health effects that have been associated with saturated fats in the past are due to other dietary factors.
Why was saturated fat implicated in the aetiology of CVD? Was it justified?
In the search for the causes of atherosclerosis and heart disease, researchers since the early 1950s have focused on a
single hypothesis or idea. This is the diet-heart hypothesis. According to diet-heart proponents, CVD is the third and
final step of a three-step process. In the first step, the amount and the type of fat in the diet determines the level of
cholesterol in the blood i.e. too much saturated and too little polyunsaturated fat. Step two occurs because the high
levels of cholesterol cause the atheroma to form in the walls of the arteries. Step three, the plaque ruptures. However,
the role of LDL-cholesterol for atherosclerosis growth has been exaggerated as the degree of atherosclerosis, and
atherosclerotic growth, have been shown to be independent on the concentration or the change of LDL-cholesterol.2
Diet-heart research [for example the Seven Countries Study undertaken by Ancel Keys] that concluded that dietary
saturated fat increased the risk of developing CVD by raising LDL-C had severe methodological limitations,3, 4 and did
not establish cause and effect in relation to dietary saturated fat intake and heart disease.
At first glance, the diet-heart hypothesis does indeed appear simple, logical and well founded. It is also an attractive
idea, because it almost promises that death from CVD can be prevented. If animal fat and high blood cholesterol are
the villains, then cholesterol-lowering diets appear to be wise choices and it’s easy to understand why it has been
embraced. This idea was the cornerstone of the low-fat diet. This diet-heart theory has never been proven, despite it
having been the cornerstone of dietary recommendations for almost 40 years.4 Although a reduced saturated fat diet
has been shown to reduce LDL-C levels in some studies,5, 6 these findings have not been consistent.7-12 A reduction in
dietary saturated fat has also been shown to reduce HDL-C.13-16 Whether a low saturated fat diet has demonstrated a
LDL-C lowering effect or not, it has not been shown to reduce incidence of CVD.5, 17-22 Some studies have shown an
inverse correlation between cholesterol levels and morbidity and mortality.23-29 The Women’s Health Initiative was a
study of 48,835 women, the low-fat diet produced weight loss of only 0.4 kg over a period of 7.5 years. The diet did
not lower the risk of heart disease or cancer.30-34 In the MRFIT trial, a low-fat diet did not reduce heart disease in a
group of 12,866 men at a high risk of having a heart attack, despite the fact that many of the men quit smoking.35 In
the Look AHEAD trial, a 9.6 year study of 5,145 people with diabetes revealed that the low-fat diet did not reduce
heart disease, despite the fact that they managed to lose weight.36
In older individuals higher cholesterol levels have been shown to be protective against CVD.37, 38 In the Framingham
Heart Study, there was an 11% increase overall and 14% increase in CVD mortality per 1 mg/dL (0.026 mmol/l) per
year drop in total cholesterol levels in people aged 50 years or above.26 The researchers attributed this phenomenon
to the fact that people with severe chronic diseases or cancer tend to have below-normal cholesterol levels. However,
this hypothesis is not supported as younger people with low cholesterol have been shown to be more likely to die of
cancer, liver diseases, and mental diseases contradicting the previous assessment among cohorts of older people that
this is a proxy or marker for frailty occurring with age.27
Since 1955, many examinations of the diet-heart hypothesis have shown that neither the level of serum lipids nor CVD
can be related to saturated fat.39-42 A gold standard RCT including almost 50,000 patients failed to demonstrate that a
low fat/low saturated fat diet was capable of reducing levels of obesity, prevalence of Type 2 diabetes, risk of CVD, or
total/CVD mortality.30, 31 Other large scale RCTs also found no advantages for the low-fat diet on reducing CVD events
or mortality.43, 44 A Cochrane systematic review of randomised controlled trials concluded that there was no evidence
that reduced saturated fat diets reduce total or CHD mortality and although there was a moderate effect for CHD
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events there was high heterogeneity (inconsistency in study results) and the effect disappeared when only studies that
significantly reduced saturated fat were included.45
Recent systematic reviews and meta-analyses conclude that current evidence does not support cardiovascular
guidelines that encourage high consumption of polyunsaturated fatty acids and low consumption of total saturated
fats in the primary and secondary prevention of CVD and there is no significant evidence for concluding that dietary
saturated fat is associated with an increased risk of CVD or CVD. 46-51
Furthermore it has now been established that the low fat dietary recommendations were published in the absence of
supporting evidence from RCTs.52 Low fat, low saturated fat dietary recommendations were launched in the United
States in 19774 and in the UK in 198353 and the public became participants in the largest uncontrolled experiment in
history.52 Since the low fat dietary guidelines were launched, the prevalence of obesity has tripled from 6% in women
and 8% in men to 25% and diabetes prevalence has quadrupled from 1.4% to 6%.54-56
Bottom line: saturated fat may increase LDL-C in some individuals but there is no cause and effect evidence that dietary
saturated fat increases CVD. The low fat dietary guidelines have not improved metabolic health as levels of obesity and
Type 2 diabetes have substantially increased in their existence.
What is saturated fat?
Fat is an indispensable building material for every single cell. It also serves as the primary energy reserve in humans
and animals. The storage and transportation form of fat is called triglyceride. Each triglyceride molecule is composed
of one glycerol and three fatty acid molecules. Fatty acids are molecules with a long hydrocarbon chain attached to a
carboxyl group. Free fatty acids are also components of cell membranes, precursors for many biologically active
molecules, and direct substrates for energy production via the beta oxidation pathway.
The terms saturated (SFA), monounsaturated (MUFA), and polyunsaturated (PUFA) fats refer to the number of
hydrogens attached to the hydrocarbon tails of the fatty acids as compared to the number of double bonds between
carbon atoms in the tail. Saturated fats, which are mostly from animal sources, have single bonds between the carbons
in their fatty acid tails, thus all the carbons are also bonded to the maximum number of hydrogens possible. The
hydrocarbon chains in these fatty acids are straight and can pack closely together making these fats solid at room
temperature. Oils, mostly from plant sources, have some double bonds between some of the carbons in the
hydrocarbon tail, causing bends or “kinks” in the shape of the molecules and are called unsaturated fats. Because of
the kinks in the hydrocarbon tails, unsaturated fats can’t pack as closely together, making them liquid at room
temperature. These bonds can easily be oxidised that make the oil rancid. To control this, food manufacturers use
hydrogenated vegetable oils. Hydrogenation is a chemical process that adds hydrogen atoms to the available double
bonds in the vegetable oil converting “cis” double bonds to “trans” double bonds, producing trans fatty acids.57
The fatty acids can vary from one triglyceride molecule to another and within one triglyceride molecule depending on
their availability. No food contains 100% of one type of fatty acid or triglyceride. Contrary to popular belief, pork fat
(lard) has more unsaturated fat than saturated fat and beef fat (dripping) has equal amount of saturated and
unsaturated fat. Olive oil, although classified as a monounsaturated oil contains 14% saturated fat.
The number of carbon atoms in fatty acid chains is also important. Most of the fatty acids in living organisms have an
even number of carbons. Fatty acids with less than 6 carbons in their chains may collectively be called short-chain fatty
acids. Those with 6 to 12 carbons are medium-chain fatty acids, those with 14 to 22 carbons are long-chain fatty acids,
and those with over 22 carbons are the very-long-chain fatty acids. Since, fats and oils contain three fatty acids and
are called triglycerides, those which contain primarily short or medium-chain fatty acids are referred to as short or
medium-chain triglycerides (MCTs), while those which contain primarily long-chain fatty acids are referred to as longchain triglycerides (LCTs). Short and medium-chain fatty acids are rapidly oxidised as fuel rather than stored as
triglyceride. Long-chain fatty acids are more likely to be stored in adipose tissue.
Bottom line: saturated fat contains no double bonds and is hard at room temperature.
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Dietary fat digestion and absorption by the human body
Dietary triglycerides cannot be absorbed by human cells directly. They must be broken down first through a series of
processes that require a family of enzymes called lipases. In the mouth, lingual lipase produced in the salivary glands
partially breaks down the triglycerides into fatty acids and diacylglycerols. This digestion is continued in the stomach
by gastric lipase and in the small intestine by pancreatic lipase, resulting in a mixture of free fatty acids and
monoacylglycerols. This mixture is then absorbed by intestinal enterocytes where it, along with cholesterol and the
lipoprotein Apo B48, is assembled into nascent chylomicrons to be released into the bloodstream for transport to
other tissues.
Bottom line: dietary fat is broken down by lipases and assembled into chylomicrons before being released into the
blood.
Fat transportation
Dietary triglycerides are mainly transported in a protein transporter called a chylomicron and liver-synthesised
triglycerides are mainly transported in very low density lipoproteins (VLDL). Free fatty acids (non-esterified fatty acids
[NEFAs]) are produced in adipose tissue by hormone-sensitive lipase (HSL) hydrolysis of stored triglycerides and are
transported to other tissues, including skeletal muscle and hepatocytes by albumin. In hepatocytes, NEFAs can be used
for energy production, re-packaged into triglycerides and exported as VLDL, stored within the liver, or converted to
ketone bodies.
Bottom line: dietary fat is transported in chylomicrons whereas triglycerides generated by the liver are transported in
VLDLs.
Lipogensis and lipolysis
Fat storage (lipogenesis) and oxidation (lipolysis) within adipose tissue is regulated by many hormones including insulin
and glucagon.58 Glucagon is associated with low blood glucose so the oxidation of fatty acids is increased to meet
energy demands. Insulin inhibits lipolysis i.e. prevents the breakdown of stored fat.59 Triglycerides are synthesised
from NEFAs in many tissues including the gut, liver, adipose tissue, mammary glands and muscle. In the liver, fatty
acids are synthesised from dietary carbohydrates by a process known as de novo lipogenesis (DNL) where excess
acetyl-CoA is converted to malonyl-CoA by the addition of CO2. A large multi-enzyme complex, fatty acid synthase
(FAS) carries out the fatty acid chain elongation steps by sequentially adding two carbon units from malonyl-CoA at a
time. The final product of this series of reactions is a saturated fat, palmitate (C16:0). Palmitate can be incorporated
into triglycerides or be further elongated by enzymes. Thus, plasma levels of saturated fatty acids may be derived from
either dietary saturated fat or carbohydrate.60 Increasing dietary carbohydrate across a range of intakes promotes
incremental increases in plasma saturated fat (figure 1 below).61
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Figure 1 – metabolic pathways of dietary carbohydrate and fat

Bottom line: The saturated fat content of plasma and adipose fatty acids can be derived from dietary fat or DNL from
dietary carbohydrate.
What is cardiovascular disease (CVD)?
One of the causes of CVD is atherosclerosis. The cascade of events involves systemic inflammation resulting from
complex interactions between oxidised lipoproteins, enhanced monocyte-derived macrophages uptake and foam cell
formation. This results in progression of the atherosclerotic lesion (plaques) that protrude into the arterial lumen,
causing abnormal flow patterns and clinical symptoms such as angina. In addition, vulnerable areas within plaques can
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rupture or erode, leading to intravascular thrombosis resulting in the acute clinical complications of myocardial
infarction.62
The disease process is actually within the artery wall and it may or may not affect the arterial lumen, which is why
angiograms can be normal in persons with advanced atherosclerosis. As plaque progresses it can encroach into the
lumen leading to ischemia (i.e. lack of oxygen delivery to tissues) as the narrowing approaches 70-75%, or the plaque
can rupture leading to a thrombosis: partial leading to ischemia or total leading to infarction (i.e. tissue death).63, 64
Furthermore, veins never become sclerotic, probably because the blood pressure in veins is very low. If a surgeon
replaces a clogged artery with a section of vein, however, this vein, now exposed to the high arterial blood pressure,
soon becomes sclerotic.65
Although atherosclerosis is a leading cause of CVD, it is not the only cause. Anything that obstructs the coronary
arteries may cause CVD. Autopsies of people who have died from a heart attack have revealed that in about a fifth of
the patients there is no evidence of coronary atherosclerosis. The arrested blood flow in such cases may have been
due to a spasm of the artery or to a clot that dissolved before death.66 Moreover, a coronary artery may be totally
obstructed without any symptoms and without any damage to the heart. The explanation is that the fine branches of
the three coronary arteries communicate with each other. If blockage of an artery develops slowly enough, the
communicating branches gradually widen, allowing the neighbour to carry more of the blood supply.67 Thus, a
myocardial infarction may occur even though the coronary arteries are totally normal, and coronary heart disease may
be absent even though the coronary arteries may be completely blocked.
Bottom line: atherosclerosis and CVD are separate conditions but the diet-heart hypothesis is based on the
development of atherosclerosis.
Why is cholesterol implicated in CVD?
Cholesterol, a steroid alcohol, is essential to life. It has five important functions: fluidity and permeability of cell
membranes;68, 69 biological functions of neurotransmitters;70 production of sex hormones;71 synthesis of Vitamin D;72
bile production which aids digestion and vitamin absorption.73 About 25% of the daily requirement of cholesterol
comes from the diet (called exogenous cholesterol), and the remaining 75% is made by the body (called endogenous
production). Every cell in the body can produce cholesterol and thus very few cells actually require a delivery of
cholesterol. Excess cellular cholesterol will crystalize and cause cellular apoptosis (programmed cell death). Therefore
plasma cholesterol levels often have little to do with cellular cholesterol.74
Cholesterol is available as either unesterified “free” cholesterol (UC) or cholesterol esters (CE) with a fatty acid
attached. Only UC can be absorbed through gut enterocytes as the bulky fatty acid side chains cannot be
absorbed. The majority of cholesterol ingested from food is CE that cannot be absorbed. This can be de-esterified by
pancreatic lipases and esterolases (enzymes that break off the side branches and render CE back to UC) so some
ingested CE can be converted to UC. Furthermore, most of the UC in the gut is of endogenous origin i.e. synthesised
in body cells and returned to the liver. The liver is only able to efflux UC in bile acids and therefore must de-esterify it
first. The UC ends up in the gut via biliary secretion and gets re-absorbed by the gut enterocyte.75
For years, measurements of blood cholesterol have been used to assess the risk of heart disease. Low density
lipoprotein cholesterol (LDL-C), has been commonly termed bad cholesterol and high density lipoprotein cholesterol
(HDL-C), good cholesterol. However, there is no such thing as good or bad cholesterol, the structure of UC or EC
cholesterol remains the same wherever it is stored in the body. Therefore the good/bad cholesterol hypothesis is an
oversimplification. The only detrimental outcome is when cholesterol is deposited inside of the wall of an artery and
leads to an inflammatory cascade which results in the obstruction of that artery.
Bottom line: cholesterol is an essential component to human life. Therefore why does it become deposited in artery
walls and contribute to atherosclerosis?
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Cholesterol transport and lipoproteins
When the amount of cholesterol is measured in the blood, it is not known the final destination of those cholesterol
molecules. Because cholesterol is a fat substance, it is hydrophobic and cannot travel in blood on its own. The body’s
solution to this problem is to bind it to proteins that function as transport vehicles. The protein carriers also transport
other fats that are required for the structure of cell membranes and for metabolism such as triglycerides (TG) and
phospholipids. All lipoproteins are part of the human lipid transportation system and work harmoniously together to
efficiently traffic lipids.
The combination of fat (cholesterol, TG and phospholipids) and protein (apolipoprotein) are called lipoproteins. In
CVD, it is the vehicles (lipoproteins) that enter the arterial wall, get oxidized and are then scavenged by monocytes
and turned into macrophages. The cholesterol is merely the passenger i.e. atherogenesis is mediated by pathological
lipoproteins that play an essential role for the initiation and progression of atherosclerosis. It is lipoproteins that
interact with the arterial wall and set in motion the cascade of events that leads to atherosclerosis. Therefore it is very
important to understand the mechanisms that regulate the production and clearance of atherogenic lipoprotein
particles and how these processes may be influenced.
The classes of lipoproteins vary in the major apolipoproteins present and the relative contents of all of the lipid
components. Chylomicrons are primarily triglyceride-bearing lipoproteins produced after a meal during the process of
lipid absorption and their main protein is ApoB-48. VLDLs are produced by the liver with a primary function of supplying
free fatty acids to tissues and are normally the predominant carriers of circulating triglycerides, they contain the
protein ApoB-100. Intermediate density lipoproteins (IDLs) and LDLs are by-products of VLDL metabolism and, in the
normal state, are the primary carriers of plasma cholesterol. Because almost all cells in the body de-novo synthesise
all the cholesterol they need (from dietary carbohydrate), LDLs are not actually needed to deliver cholesterol to most
cells. Nascent HDL particles are produced by the liver and intestine and then mature and become enriched with Apo
A-I by exchanges with chylomicrons and VLDL. The size and density of the lipoprotein categories vary, from the largest
and least dense chylomicrons to the smallest and most dense HDL. Within each category, there is also a spectrum of
particles that vary in size, density, and relative proportions of lipid and protein.76 HDL is also heterogeneous and it is
proposed that rather than solely monitoring HDL-C, targeting an increased number of HDL particles will also reduce
risk of CVD.77, 78 HDL protects against atherosclerosis, disease79-82 in part by virtue of its ability to promote reverse
cholesterol transport (RCT). The role of HDLs in RCT represents the major atheroprotective (prevention of the
development of atherosclerotic lesions in the vasculature) function of this class of lipoprotein. In addition to RCT, HDLs
exert anti-inflammatory, antioxidant, and vasodilatory effects that together represent addition atheroprotective
functions of HDLs from protecting LDL-P from oxidation. Evidence has also been generated that demonstrates that
HDLs possess anti-apoptotic, anti-thrombotic, and anti-infectious properties. With respect to these various
atheroprotective functions of HDLs, it is the small dense particles (referred to as HDL3) that are the most beneficial.83,
84

The trafficking pattern is highly complex as lipoproteins constantly exchange their core (hydrophobic) and surface
(hydrophilic) contents. Measuring how much cholesterol is within various lipoprotein species can therefore be
misleading.85 A standard lipid profile includes total cholesterol, LDL-C, HDL-C, and TG but it is important to recognise
that lipoproteins are dynamic particles in a constant state of lipidation (acquiring lipids) and delipidation (shedding
lipids). This constant process or remodelling will affect the lipoprotein contents as well as particle size, density and
particle concentrations.86
Bottom line: cholesterol along with triglycerides are carried in the blood by several different types of lipoproteins that
are in constant dynamic state of lipidation and delipidation. HDL protects from atherosclerosis.
Low density lipoprotein cholesterol (LDL-C) is not the problem
Lowering LDL-C has become a primary goal in CVD prevention. However, relying on LDL-C alone can be misleading for
the following reasons:
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1) LDL-C can be measured by breaking open the lipoproteins and measuring the underlying cholesterol. However,
this is rarely done due to cost and it is instead calculated using the Friedewald equation. This measure can
underestimate LDL-C level (as triglycerides increase) or overestimate it as it assumes that the cholesterol content
of IDLs and chylomicrons is negligible.87, 88
2) LDL-C is only an indirect marker of CVD risk as it is solely the lipoprotein which initiates atherosclerosis.
Cholesterol is only one of many components of lipoproteins and only indirectly reflects the atherogenic potential of
LDL particles. ApoB-100 and LDL-P on the other hand indicate the number of atherogenic particles without the need
to consider cholesterol mass. As the amount of cholesterol in each particle may vary, measuring LDL-C does not
necessarily reflect the actual number of particles. A more accurate way to capture the risk posed by LDL may be to
measure the number of LDL-P. A value of less than 1000 nmol/L is considered ideal.89 The size of LDL particles can also
be measured and a diameter less than 25nm is associated with an increased risk of CVD.90 Thus, LDL-P (size and
number) has been shown to be a much stronger predictor of cardiovascular events than LDL-C as an abundance of
small dense LDL particles has been shown to be particularly atherogenic.91-98 Many patients with diabetes and CVD
have relatively normal levels of LDL-C but increased numbers of small dense LDL-P.99,100 In comparison, people whose
LDL-P are predominantly small and dense have a three to six-fold greater risk of CVD.94, 101 Small dense LDL particles
are much more likely to become oxidized and lodged in the arteries.95, 102-109
If the liver overproduces and secretes increased numbers of TG-rich VLDLs plasma TG levels will increase. When TGs
are elevated and HDL-C is low, small LDL-P predominate despite normal or low LDL-C.97 The TG-rich VLDL and
chylomicrons transfer the TG (using cholesteryl ester transfer protein or CETP) to TG-poor LDL and HDL in exchange
for cholesteryl ester (CE). The LDL and HDL becomes cholesterol poor and TG-rich with the VLDL becoming more CE
enriched. However, as the VLDLs enter muscle and fat cells they are exposed to lipoprotein lipase (LPL) and undergo
further hydrolysis of the remaining TG. LPL does not hydrolyse CE. Thus the VLDLs lose their TG but not their CE. As
they lose TG they shrink. The resultant remnant VLDL is smaller and carries predominantly CE which is associated with
increased CV risk.110
LDL and HDL carrying TG is a pathological lipoprotein as their physiologic function is to traffic CE, not TG and this results
in an increase in non-HDL cholesterol and a reduction in LDL-C and HDL-C. The TG-rich, CE poor HDLs and LDLs are not
substrates for LPL but as they pass through the liver they are substrates for hepatic lipase which is capable of
hydrolysing TG. The LDLs and HDLs loose the TG but not their CE: they shrink and turn into small particles. The small
HDL is vulnerable to renal excretion ultimately causing low HDL-P and further contributing to the drop in HDL-C.111, 112
The small LDLs are too large for renal excretion and are not readily recognized by hepatic LDL receptors and therefore
remain in the plasma for longer resulting in high levels of LDL-P (figure 2 below).113-117
Figure 2: Creation of atherogenic small dense LDL particles
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There is controversy whether LDL-P size or LDL-P number is more important although it has been suggested that the
highest risk and lowest risk groups are those with discordant LDL-C and LDL-P i.e. the high risk group has high LDL-P
and low LDL-C.118, 119 In patients with diabetes who presented with ideal LDL-C, HDL-C and TG levels only in 22% of
cases were their LDL-P concordant with LDL-C. 23 LDL-C can fail to predict cardiovascular disease.120 Each and every LDL
particle has a variable number of cholesterol molecules which, because of constant particle remodelling, is constantly
changing. In other words, of the several LDL-P circulating in plasma, no two are carrying the exact same number of
cholesterol molecules. It takes many more cholesterol-depleted LDL particles than cholesterol-rich LDL particles to
traffic a given cholesterol mass (i.e. number of cholesterol molecules) per volume of plasma.
It is possible to measure ApoB-100 in VLDL, IDL and LDL particles since each of these particles contains a single ApoB
molecule and this standardised measurement does not require a fasting sample. However, although ApoB and LDL-P
are believed to be better risk predictors of CVD than LDL-C they are not routinely available in the UK. In their absence,
non-HDL cholesterol has been shown to be a better predictor of CVD risk than is LDL cholesterol99 and NICE have now
recommend that LDL-C calculations are replaced by non-HDL cholesterol monitoring. Additional benefits of non-HDL
cholesterol measurement are its lack of additional expense in patients already getting lipid profile measurements and
that it can be calculated from non-fasting samples.121 However, although monitoring non-HDL cholesterol or
measuring ApoB has been shown to be a better predictor of LDL-P number, the TG/HDL-C ratio has been shown to be
a good predictor of LDL-P size.122 Several studies have found that the TG/HDL-C ratio correlates strongly with the
incidence and extent of CVD123-125 in men126 and women127 and that a ratio of less than 0.87 is ideal (mmol/l [2 for
mg/dl]). A ratio above 1.74 (mmol/l [4mg/dl]) has been shown to be the most powerful independent predictor of
developing CVD.
Epidemiological studies have established a relationship between LDL-C concentrations and the risk of CVD, but up to
half of patients with CVD have cholesterol levels in the normal range.128 The Framingham Heart Study, which
monitored 5209 men and women enrolled between 1948 and 1980 demonstrated that increased total serum
cholesterol levels can be protective against mortality risk as a function of age and that lipoprotein fractions and
apolipoprotein values are likely to be more appropriate screening devices than measurements of total cholesterol. 26,
129, 130
Two individuals may have an identical LDL cholesterol level but differ with respect to other measures of LDL,
such as size and particle concentration – therefore simply monitoring LDL cholesterol is not going to assist in heart
disease risk assessment.131 It has been proposed that measurement of fasting plasma insulin level, apolipoprotein B
level, and LDL particle size may provide further information on the risk of CVD compared with the information provided
by conventional lipid variables.128
Bottom Line: LDL-C is not the problem (one cannot blame the backseat passenger for the car crash). Monitoring LDL-C
does not accurately predict CVD and LDL-C lowering does not prevent CVD. Small dense LDL-P driven by high TG are the
primary atherosclerotic risk factors due to their small size and susceptibility to oxidise. There are several tests that can
monitor LDL-P size and number.
What are the real risk factors for CVD in people with diabetes?
The increased risk of heart disease in people with diabetes is clearly unlikely to do with their total cholesterol level. In
England and Wales, 40% of all people with diabetes achieve a cholesterol level below 4mmol/l and 77% achieve a level
below 5mmol/l.1 In comparison, the UK average for men is 5.5mmol/l and for women, 5.6mmol/l with 22% of the adult
population having a cholesterol level above 6.5mmol/l.54 Correlation does not prove causation but it is interesting that
there is a weak negative correlation between mean total cholesterol and mortality indicating that higher cholesterol
levels may protect from CVD and diabetes mortality where the red marker denotes the UK (figures 3 to 6).132
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Figure 3: Male CVD death rates per mean country cholesterol level

Figure 5: Female CVD death rates per mean country cholesterol level

Figure 4: Male diabetes death rates per mean country cholesterol level

Figure 6: Female diabetes death rates per mean country cholesterol level

It has recently been shown that predictive factors for CVD in people with Type 2 diabetes are gender, age,
hypertension, renal failure, insulin, admission due to cardiovascular reasons and walking habit.133 Atherogenic
dyslipidemia, which consists of elevated plasma concentrations of both fasting and postprandial triglyceride-rich
lipoproteins (TRLs), an abundance of small dense low-density lipoprotein (LDL) and low concentrations of high-density
lipoproteins (HDLs) have also been implicated due to the underlying disturbances are hepatic overproduction and
delayed clearance of TRLs.85, 134 Hyperinsulinaemia together with hyperglycaemia will promote DNL i.e. the conversion
of glucose and fructose to fatty acids and consequently VLDL production, hepatic insulin resistance and non-alcholic
fatty liver disease (NAFLD).135-140
Bottom line: the increased risk of CVD in people with diabetes has not been shown to be due to risk factors other than
their LDL-C level.

So if saturated fat is not implicated in the aetiology of CVD, what dietary factors are?
What can we learn from our human ancestors?
Evidence from archaeological records suggests that they were hunter-gatherers who consumed a high animal fat
diet.141 Although Paleolithic man had a shorter lifespan than modern man, this was due to infectious diseases,
complications of childbirth and trauma. Gurven and Kaplan found that the modal age of death for hunter-gatherers
who survived past 15 was 72.142 Teeth were free from dental caries and there is no evidence that the diet caused any
of the long-term conditions that are experienced today.143-145 If saturated fat caused heart disease, it would have been
evident in this population. Furthermore the Masai have low rates of CVD despite a diet high in saturated fat.146
The onset of agriculture gradually changed the human diet in the majority of populations. The ancient Egyptians were
one of the first to adopt a low fat high carbohydrate diet similar to that recommended today with whole grain bread,
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cereals, fresh fruits and vegetables, honey, goats milk, and some fish and poultry but no red meat. However evidence
suggests that they didn’t experience the robust health of their predecessors and instead suffered from obesity,
cardiovascular disease and gum disease.147-150 The modern day diet however has seen an increase in calorie intake
mainly from sugars, breakfast cereals and processed vegetable oils with a dramatic reduction in eggs, meat and full
fat milk and dairy products and vegetables (Figures 7-12 below).151, 152
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The likely dietary culprits
Trans fats
These are unsaturated fats that have been chemically modified by the process of hyrogenation to be more solid and
have a longer shelf life. The manufacturing process involves high pressure, high heat, a metal catalyst and hydrogen
gas. Some of the major health organisations have started to confuse people by grouping trans fats together with
saturated fats, calling them the “bad fats”. Trans fats have been shown to cause insulin resistance, inflammation and
endothelial dysfunction.153-156
PUFA
Advice to incorporate polyunsaturated fat into the diet through processed vegetable oils such as sunflower, corn,
safflower and spreads has led to an unbalanced intake of omega-6 to omega-3 fatty acids. The ratio was previously
1:1 prior to the agriculture revolution but has now increased to 16:1 in westernised populations.157 Omega-6 fats are
pro-inflammatory whereas omega-3 fats are anti-inflammatory and therefore the balance needs to be reinstated to
reduce systematic chronic inflammation. Polyunsaturated fat, due to the multiple double bonds, are also less stable
and thus more prone to oxidation forming free radicals that can lead to cell damage, CVD and cancer and therefore
readdressing the balance between the different types of fat i.e. the promotion of natural fats (omega-3,
monounsaturated and saturated) will assist with cell integrity.100, 158-160 An interesting theory that deserves more
research is that if the cell membranes (phospholipids) of LDL-P contain a high proportion of highly unsaturated
polyunsaturated fatty acids, then oxidation is more likely to occur with subsequent insulin resistance161 and deposition
of the oxidized LDL in macrophages lining the arteries.162 It would stand to reason that a greater abundance of omega6 PUFAs, relative to SFAs and MUFAs, during conditions of oxidative stress would provoke atherogenesis.163, 164
Processed food
A lot of foods classed as having saturated fat are actually a combination of refined carbs and polyunsaturated fat such
as potato crisps, cakes and biscuits. The effect of diet on CVD cannot be fully explained by a single nutrient alone, but
rather by multiple nutrients that likely operate together in a complex manner to modify the risk of disease. Therefore,
it may be more appropriate to focus attention on recommending healthy dietary patterns that are nutrient rich and
minimally processed. Such a focus may be more effective to help lower CVD while simultaneously improving overall
dietary quality compared to the more contemporary reductionist approach of focusing on modifying single nutrients.
For some very strange reason, processed seed and vegetable oils have become recognised as health foods. The
processing technology to produce oils has only become available in the last 100 years and it was considered that they
would be healthier than saturated fat. Vegetable oils such as sunflower and corn are very high in PUFA omega-6 fatty
acids. Despite these oils being recommended to reduce CVD, there are actually multiple studies showing that they
increase the risk as discussed above.
In contrast, animal foods that are naturally high in fat tend to be healthy and nutritious. Factory farmed, grain-fed
animal products are not an optimal choice but consuming animals that have been properly raised and fed are very
healthy such as pasture-raised meat which is an excellent source of omega-3 fatty acids, vitamins and minerals.165-167
Eggs are energy dense and supply the body with many essential nutrients.168 Moreover, high egg consumption has not
been shown to have an adverse effect on the lipid profile of people with Type 2 diabetes.169 Grass-fed milk and dairy
products are a good source of conjugated linoleic acid Vitamin K2 in the diet and have been shown to reduce risk of
diabetes in observational studies.170-173 Coconut is a rich source of saturated fat, which has had not been shown to be
detrimental to health.174 In fact it has been associated with health benefits including increased fat burning, better
blood lipids and improved brain function.175-177
Excessive consumption of carbs
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Due to the low-fat dietary recommendations, food manufacturers have reduced or removed the fat from many of their
foods. However, as this affects the taste of the product, sugar has frequently been added to compensate for the
missing fat. For this reason many low fat foods are high in sugar, which has been shown to be detrimental to health.
178-183
A low fat diet has been shown to reduce energy expenditure184 and this is demonstrated through the second law
of thermodynamics.185 Excess dietary carbohydrate has been shown to result in DNL and be the principal driver of
plasma saturated fat,61 insulin resistance,186 atherogenic dyslipidemia,135, 187-193 NAFLD.140 and inflammation.194
There is emerging evidence demonstrating that LDL particle size, ApoB level, TG and insulin resistance and/or
hyperinsulinemia can be effectively altered by a high fat (including saturated fatty acids), low carbohydrate diet.60, 189,
195-197
It is now accepted by the Academy of Nutrition and Dietetics that carbohydrate contributes a greater amount to
the risk for cardiovascular disease than saturated fat.198 Diabetes UK dietary guidelines acknowledge that there is
insufficient evidence to prescribe an exact percentage of calories from carbohydrate, protein and fat for people with
diabetes and therefore a range of approaches should be considered and macronutrient distribution should be based
on individualised assessment of current eating patterns, preferences, and metabolic goals.199
Why should we stop demonising saturated fat?
The scientific method is about formulating a hypothesis, meticulously measuring and analysing anything that may be
of importance to either accept or reject the theory. If the hypothesis is that saturated fat causes CVD then the following
questions should be asked:
1) Is it implicated in all cases of CVD?
2) Can CVD be produced by this factor?
3) Can CVD be prevented or cured if saturated fat is eliminated from the diet?
If the answer is “no” to these questions then the hypothesis is wrong and must be rejected. A hypothesis can then be
constructed that may conform better to reality. The advocates of a scientific idea have the burden of proof on their
shoulders. The opponent does not have to present an alternative idea, only to find the weakness in the hypothesis. If
there is only one proof against it, one proof that cannot be denied and that is based on reliable science, the hypothesis
must be rejected. And the diet-heart hypothesis is filled with features that have repeatedly been proven false.
It is often necessary to reformulate a hypothesis several times and it can take many years (if ever) to identify a correct
hypothesis. The art of medical science is to put the emphasis on the solution to a medical problem first rather than to
the preservation of the hypothesis (no matter how ingenious the hypothesis may seem). A hypothesis is rarely bad
providing that it is abandoned as soon as its flaws become obvious. This has not happened in the case of saturated fat.
There is now a need to stop demonizing saturated fat and put time, efforts and funding into generating and testing
new hypotheses in relation to CVD and diabetes. We eat food which is a complex mixture of several nutrients, we do
not eat nutrients in isolation. We need to develop large, good quality randomised controlled trials that test the impact
of different foods/types of diet on the aetiology of CVD in diabetes.
Conclusion
We have spent decades at war with cholesterol believing that saturated fat increases cholesterol levels and the higher
the cholesterol concentration in the bloodstream, the higher the risk of atherosclerosis and heart disease. The dietheart hypothesis has been refuted on the following counts:
1. There are several factors that influence blood levels of cholesterol.
2. There is no such thing as good and bad cholesterol. There is only one type of cholesterol. Cholesterol is essential
to life.
3. CVD is a multifactorial condition that has never be shown to be caused by dietary saturated fat.
4. Hypertriglyceridemia, an abundance of LDL-P, oxidised LDL and inflammation are components of heart disease
that can be modified by diet.
5. Increasing intake of saturated fat and reducing consumption of carbohydrate addresses risk factors for CVD by
reducing TG, increasing HDL-C and preventing the abundance of small dense LDL-P.
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If you still have a belief that dietary saturated fat is the culprit, ask yourself three questions “what’s the evidence?”,
“what is the quality of that evidence?” and “what is the mechanism of action i.e. what causes the effect?”. If your
response to any of these is “I don’t know”, then investigate. You will be surprised. With the average 17-year lag time
from research to practice200 plus societal influences from leading experts and transnational food and pharmaceutical
corporations, the provision of up-to-date and evidence-based information to members of the public can become
seriously flawed. Our role as healthcare professionals is to ensure that people receive timely and accurate information
so that they can make informed decisions about lifestyle changes that will positively improve their longevity and
quality of life. It’s time to stop promoting a low fat, high carbohydrate diet and demonising saturated fat and instead
support people in eating real unprocessed food.
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