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ABSTRACT
The diet-heart hypothesis, i.e. dietary cholesterol and
saturated fats raise the serum cholesterol which in turn is a
risk factor for coronary artery disease is prevalent since the
1950s. Over the years it had a major influence on the
perspectives of nutritionists, medical researchers and the lay
public. However, of late, the evidence base supporting the dietheart hypothesis is being increasingly questioned. Besides
retrieval and re-analysis of archival data from incomplete
studies, study of internal documents of industry reveal that
vested interests may have played a role in maintaining the dietheart hypothesis. This brief review gives an overview of the
evidence and conflicting views most of which fell by the
wayside in the heady days of the diet-heart hypothesis. It puts
forth the question whether there is a paradigm shift in the
diet-heart hypothesis. Using the key-words "diet-heart
hypothesis" an online literature search was made using
PubMed, Scopus and Google Scholar. Standard texts on
nutritional epidemiology and other writings on the subject
were reviewed.
Keywords: Diet-heart hypothesis; evidence base;
paradigm shift; coronary heart disease
INTRODUCTION
The Nobel Prize winning scholar Kahneman has coined
the phrase “thinking fast and slow.”1 Thinking fast is intuitive
while thinking slow is more deliberate. While intuitive thinking
is fast and saves time, on occasions it can be biased. In some
situations deliberate and slow thinking provides answers
nearer to the truth. The diet-heart hypothesis first proposed
by Ancel Keys is based on the presumption that dietary
cholesterol and saturated fats raise serum cholesterol which
in turn is a risk factor for coronary artery disease.2 Based on
this hypothesis, dietary guidelines in many countries were laid
down over the years. These recommended promotion of low
fat diets, and restricting dietary cholesterol.
Food items such as whole fat milk, whole eggs, and
red meat were thought to increase risk of coronary heart
disease. Even to this day; this is the consensus among nutrition
scientists, medical researchers, practitioners and the lay public.
This line of thinking seems intuitively right too. That dietary
fat and cholesterol will raise serum cholesterol appears
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plausible. Serum cholesterol depositing in the coronaries
causing atherosclerosis appears intuitively correct. This is
thinking fast.
However, over the years, slow thinkers have identified
fault-lines in the diet-heart hypothesis and they seem to be
catching up with the fast thinkers. This overview firstly, traces
the evolution of the diet-heart hypothesis and secondly, weighs
the overlooked and accumulating evidence challenging it.
An online literature search was carried out using the
keywords "Diet-Heart Hypothesis" through PubMed, Scopus
and Google Scholar. Besides, standard texts on nutritional
epidemiology and other relevant texts were also consulted.
Papers were purposefully selected to narrate the evolution of
the diet heart hypothesis and identify dissenting views which
fell by the wayside. Some recent papers which vindicate the
alternative views ignored by the scientific community of
yesteryears were also selected.
Genesis of the Diet-Heart Hypothesis - effect of dietary
cholesterol - from laboratory to practice.
In the early twentieth century the Russian pathologist
Anitschkow induced atherosclerosis in rabbits by putting them
on cholesterol rich diet.3 This finding replicated in other
herbivorous animals led to the widespread belief that
cholesterol in the diet can lead to atherosclerosis. Some
investigators did recommend caution in generalizing this
observation from the laboratory as they pointed out that
experiments were done in herbivorous animals. When
researchers tried to replicate this experiment in dogs which
are carnivorous they found excess cholesterol was excreted
thus regulating the serum cholesterol level.4,5 The experiment
in the dog offered a better model for human cholesterol
metabolism. However, the earlier rabbit experiments had a
greater impact on the scientific community and established
cholesterol as the main risk factor for coronary heart disease.
The medical consensus evolved that it would be prudent to
maintain serum cholesterol at low levels. The proposition that
dietary cholesterol would cause higher levels of serum
cholesterol was put forth.6 Over the years this view became
widespread. Even today we see "zero cholesterol" labels on
food items in the supermarket.
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extended this ecological analysis to twenty two countries
instead of the six which Keys had selected, the correlation
between population level fat consumption and heart disease
almost disappeared.19

That Keys, the father of the diet-heart hypothesis
himself refuted this proposition is overlooked. Though on one
hand Keys stated that there is overwhelming evidence that
dietary cholesterol raises serum cholesterol,7 he could not
induce appreciable rise in serum cholesterol by feeding very
large doses up to 3000 mg of dietary cholesterol to human
participants.8 Keys suggested that since dietary cholesterol
has no effect on serum cholesterol one should focus on other
aspects of the diet. As a result lipid research became priority.

Keys’ ecological study was also criticized by Mann who
found no rise in serum cholesterol or coronary heart disease
in Masai tribe in Kenya, in spite of very high consumption of
saturated fats.20, 21 Mann even predicted the end of the “dietheart era.”22

Research on different types of fats and serum cholesterol.

The seven countries study

Researchers in early 1950s noted that replacing animal
fat with vegetable fat reduces serum cholesterol.9 Serum
cholesterol was also reported to be lower in vegetarians.10, 11
Ahrens and colleagues carried out a number of studies to
establish association of different types of fats with serum
cholesterol.12, 13, 14, 15 It was observed that saturated fat in butter
and coconut oil raised serum cholesterol more than any other
fats, while the lowest serum cholesterol was associated with
peanut, cottonseed, corn and safflower oils. An important
aspect noted was that there was much variance in the response
to dietary fats. There was no consistency in the relation
between fats in the diet and serum cholesterol. This
“heterogeneity” of individual responses according to Ahren’s
statement was the most “gratifying contribution” to lipid
research. Ignoring this need for restraint in generalizing the
results from few subjects, investigators have tended to believe
that these cholesterol responses were uniform which focused
the attention on saturated fats as the culprit in raising serum
cholesterol and risk of coronary artery disease.16

One of the most cited studies supporting the diet-heart
hypothesis is the “Seven Countries Study,” which was launched
by Ancel Keys in 1956.23 In this study more than 12, 500 middle
aged men in seven countries – Italy, Greece, Yugoslavia, Finland,
Netherlands, Japan and the United States were followed up.
Critics have since challenged the selection of the countries.24,
25
They contend that had Keys seriously wanted to maintain an
objective approach, he should have chosen countries like
Switzerland, France, Germany, Norway and Sweden. Instead,
he selected a purposive sample of countries which could have
led to selection bias. Besides this bias there were other factors
in the time period of the study which could have confounded
the association between dietary fat and coronary heart disease.
One was the slow recovery of the economy in the
Mediterranean countries post World War II leading to an
austere lifestyle.16

Keys conducted number of trials on 66 male
schizophrenic patients (no ethical committee would approve
this trial today).17 They were put on diets containing fat content
ranging from 9% to 24%. Lower range of dietary fat was
associated with lower levels of serum cholesterol. Besides the
ethical issues, the study had number of limitations including a
small non-representative sample which were glossed over.16
In spite of this, Keys promoted the findings to suggest that
there is little room for doubt.
Ecological studies
In the early 1950s, Keys presented ecological data from
six countries to support his diet-heart hypothesis. His graph
showed a close correlation between consumption of fat and
deaths from heart disease in these countries.18 However, others
suspected cherry picking of the data. Yerushalmy, a
biostatistician was one of them. He stated that Keys only
selected the six countries because the data from them
conformed to his hypothesis. The trend noted by Keys in these
six countries could be due to ecological fallacy, i.e., presence
of other confounding factors such as increasing trends of cars,
tobacco consumption, sedentary lifestyle and sugar
consumption. When Yerushalmy along with his colleague,
4
5

In this study, researchers visited populations and
measured serum cholesterol, weight, blood pressure and noted
the dietary and smoking histories. The seven countries study
found a strong correlation between dietary saturated fat and
heart disease. 23 This is one of the most cited studies by the
proponents of the diet-heart hypothesis. However, some
unanswered questions exist in the study. The rate of coronary
events in Eastern Finland was three times more than Western
Finland in spite of identical diet and lifestyles. Similarly
inhabitants of Corfu islands consumed less saturated fats than
their countrymen in Crete yet the rate of coronary heart disease
was higher in Corfu.16
Detailed scrutiny of the methodology of the seven
countries study reveals some glaring measurement errors.26
In the surveys in Greece (where the concept of Mediterranean
diet originated), Keys and his co-workers had sampled diets in
Crete and Corfu number of times to capture the variation in
food consumption. One major oversight made by these workers
was that one of the major surveys undertaken was during the
48 days fasting period of Lent - the Greek orthodox fast is very
strict where meat, eggs, cheese or any other food of animal
origin is forbidden. Since these foods are the principal source
of saturated fat, surveys during this period will grossly
underestimate the saturated fat intake of the population. A
study conducted in Crete reported saturated fat consumption
halved during Lent.27
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Does restriction of saturated fats increase longevity?
The follow up of the seven countries study threw up
more contentious issues. In 1984, Keys and his co-investigators
resurveyed these populations. 28, 29 Over the years the
association of dietary saturated fat and heart disease had
become much weaker. Another interesting finding was that
though consumption of saturated fat was associated with
higher deaths from heart disease, it was associated with lesser
overall mortality. Longevity was not related to saturated fat or
cholesterol in the diet or to the level of serum cholesterol.
Follow up of a study launched in 1957 reported similar
outcomes. 30, 31, 32 Eleven hundred men were enrolled in a study
to see the effects of dietary modification on coronary heart
disease and longevity. They were advised to reduce their
consumption of red meat, and told to increase consumption
of poultry and fish. Eggs and dairy products were restricted. In
addition, they took two tablespoons of vegetable oil daily.
Overall the ratio of polyunsaturated fats to saturated fats was
four times the normal American diet while calorie from fat in
the diet was 30%. A control group was also enrolled who
consumed the normal American diet of the day with 40%
calories from fats (mostly saturated). 30
The study found that in the initial five years of the trial,
serum cholesterol, blood pressure and body weight dropped
in the intervention group. However, over a decade of follow
up, the mortality was higher in the intervention group.32 This
contradictory result has been glossed over.16
Another study among 850 veterans showed that while
replacement of saturated fats with polyunsaturated fats
brought down the mortality from coronary heart disease it
had no impact on overall longevity. 33 More alarmingly, thirty
one veterans on polyunsaturated fat group died of cancer
compared to seventeen in the control group.34 Such unexpected
findings seem to have been sidetracked in the fast track push
for the diet-heart hypothesis.
Framingham Heart Study and its lesser known facts
Since 1948, Framingham Heart Study has been the
“petri dish” for the study of risk factors for coronary heart
disease.16 The study began with about 5000 middle aged
participants of both gender in Boston, USA. It was a classical
cohort study to identify whether factors such as diet, cigarette
smoking, family history, and hypertension could predict
incidence of coronary heart disease. Participants were followed
up every two years. In 1961, the study found that high serum
cholesterol was a risk factor for coronary heart disease. 35 This
finding was the foundation for serum cholesterol getting
elevated as a “surrogate” marker for prediction of coronary
heart disease morbidity. The diet-heart hypothesis seemed to
rest on strong foundation.
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What is lesser known is further follow up results. Thirty
years later with more data and mortality outcomes, the
predictive power of serum cholesterol was not found to be so
strong as the earlier results.36 Paradoxically, lower serum
cholesterol was associated with higher overall mortality – for
each 1% mg/dL fall in cholesterol there was an 11% rise in
coronary and overall mortality.36 The authors concluded that
below 50 years, lower serum cholesterol may be protective to
coronary mortality and morbidity while after this age, the
association may be confounded because of co-morbidities.36
Mann and his colleagues also did not find any correlation
between dietary saturated fat and heart disease on analysis of
Framingham follow up data.37
Indian study refuting the diet-heart hypothesis
An Indian study did find an association of dietary factors
with coronary heart disease but in a direction which challenges
the diet-heart hypothesis.38, 39, 40 Among more than a million
railway employees in India, the five year rate of coronary heart
disease was seven times higher in workers from southern India,
compared to those from the Punjab.39 Paradoxically, from the
point of view of the diet-heart hypothesis, the north Indians
were consuming eight to nineteen times more saturated fats
compared to the south Indians. The southerners also died on
an average twelve years earlier than their north Indian
counterparts. The author recommended a diet containing more
milk products, yogurt, and butter.40 The findings of this study
though published in international journals did not attract the
attention of the world scientific community nor did receive
enough citations.
Early case control studies challenging the diet heart
hypothesis
Zukel et al41 identified 228 cases who had a myocardial
event or mortality, and retrospectively compared the risk
factors of 162 cases with controls. Beyond heavy smoking no
other association with any risk factors such as calorie
consumption or dietary fat in the diet could be established in
this study. Similarly, in Ireland, diets of 100 men with
myocardial infarction were compared with age and gender
matched controls.42 No association of coronary event was
found with amount of dietary fat. The same investigators
repeated the study in 50 women who suffered a myocardial
event. 43 In this study also there was no "diet heart
association."The authors concluded that though Ancel Keys
had proposed the "diet heart hypothesis" (at that time based
on ecological studies),18 their case control studies at individual
levels failed to support this hypothesis.
LDL-cholesterol, HDL-cholesterol and triglycerides.
Total serum cholesterol is composed of low density
lipoproteins (LDL) and high density lipoprotein (HDL). While
LDL-cholesterol is a risk marker for coronary heart disease, HDLcholesterol is protective.44, 45 It was gradually realised that
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rather than total serum cholesterol, complex mix of other
factors in the blood such as LDL-cholesterol, HDL- cholesterol
and triglycerides were important predictors of risk from
coronary heart disease. There are concerns that while
restriction of dietary saturated fats may lower total and LDL
cholesterol it will also lower HDL-cholesterol. This may offset
any advantage one may expect by lowering total and LDLcholesterol.

Recent papers challenging the diet heart hypothesis

While high levels of the good cholesterol HDL is equally
important, most attention and research is devoted to lowering
total and LDL cholesterol.16 There are concerns that this is
driven by market forces promoting cholesterol lowering
“statin” drugs.16, 46 There is also a view that while statins may
lower the risk of coronary event their action may not be solely
by lowering serum cholesterol but by their anti-inflammatory
action.47

Recovery and analysis of archival data

With the focus on dietary fats and serum cholesterol in
the early years of the diet-heart hypothesis few scientists
studied serum triglycerides as a risk factor. Among those raising
concern were Ahrens48 and Albrink.49 Ahrens work indicated
that carbohydrates found in cereals and sugar might be
contributing to obesity and disease. He also demonstrated that
substituting fats in the diet with carbohydrates raised the
serum triglycerides level.50 Albrink also demonstrated that in
patients of coronary heart disease, serum triglycerides were
more likely to be elevated than serum cholesterol.51 However,
Ahrens and Albrink’s studies done in the 1950s and 1960s were
far ahead of their time and this path of investigation did not
have many followers. Only recently has the association
between carbohydrate intake and coronary heart disease and
other chronic diseases have attracted the attention of
researchers.52, 53
Trans fats
As the diet-heart hypothesis gained popularity, the
search for alternative cooking medium to saturated fats led to
increasing use of hydrogenated vegetable oils. By the late 1980s
these oils were used extensively in the food industry. Partial
hydrogenation of vegetable oils create trans fats, which are
being increasingly recognized as a risk factor for many chronic
diseases including coronary artery disease, insulin resistance
and obesity.54
Trans fats also occur in nature. These naturally occurring
trans fats are present in the meat and milk of ruminant animals
and are called, “ruminant trans fats.” Ruminant trans fats
resemble those found in partially hydrogenated vegetable oils
and share the common formula. However they have a double
bond on a different position – this subtle difference is believed
to render them less harmful.55, 56, 57, 58
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Till now we have reviewed some dissenting voices to
the diet-heart hypothesis in its formative years and evolution.
Due to the stature and influence of its founder Ancel Keys these
voices were muffled and scientists who questioned the
hypothesis suffered reverses in their career and did not get
research grants.16 In the subsequent paragraphs we will review
some recent papers challenging the diet-heart hypothesis.

Ramsden et al, appraised the evidence supporting the
diet-heart hypothesis by recovering and analysing archival
unpublished data from the Sydney Diet Study (SDHS, 1966 –
73) and the Minnesota Coronary Experiment in context of
existing randomized controlled trials (RCTs) by doing a
systematic review and meta-analysis.59, 60
The SDHS was a randomized controlled dietary trial to
study the effects of replacing saturated fats in the diet with
linoleic acid (LA) in safflower oil in the secondary prevention
of coronary heart disease.61,- 66 The limitation of this study was
that though increase in all cause mortality was reported in the
safflower oil group,61 group wise deaths from cardiovascular
and coronary heart disease were not reported. These are more
relevant when appraising the evidence base for the diet-heart
hypothesis.
Ramsden et al, recovered SDHS data set and used
present day statistical methods to reanalyse and compare rates
from all causes including coronary cardiovascular and coronary
heart disease mortality and update a similar meta-analysis
undertaken a few years ago.67 The reanalysis showed that the
intervention group receiving safflower oil (221 participants),
had higher rates of deaths at 17.6% than the controls (237
participants), in which the rate was 11.8%. From this updated
meta-analysis the authors concluded that though worldwide
the guidelines for prevention of coronary heart disease include
advice on replacing saturated fats in the diet with
polyunsaturated fats, the clinical benefits of this practice has
not been established. In their analysis the intervention group
in which dietary linoleic acid in form of safflower oil was given
in place of dietary saturated fats had higher all cause mortality
as well as increased mortality from cardiovascular and coronary
heart disease. The authors express that the findings have
implications for reconsidering the practice of advising
replacement of dietary saturated fats with polyunsaturated
fats.59
Similarly, recovered data from the Minnesota Coronary
Experiment (1968 – 73), was also re-evaluated by Ramsden et
al.60 This was a double blind randomized controlled trial to see
whether replacement of saturated fats with vegetable oils rich
in linoleic acid reduces serum cholesterol and brings down the
mortality from coronary events. This was the largest dietary
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trial with 9570 participants.60 The trial also included autopsy
for evidence of atherosclerosis. The results of re-evaluation of
the trial data showed that though the intervention group had
reduction in serum cholesterol this was not translated into
reduced mortality. Moreover, there was no evidence of benefit
of dietary polyunsaturated fats for atherosclerosis or
myocardial infarcts. Systemic review and meta-analysis of five
randomized controlled trials (10808 participants), did not
reveal any reduction of mortality from coronary heart disease
or overall mortality.60
Willett and Stampfer68 concede that though abundant
evidence may suggest that dietary fatty acids play role in
coronary artery disease, the dose-response relationships
between specific fatty acids and cholesterol intake and rates
of coronary heart disease are not clearly defined. There may
be modest impact which may be lost if saturated fats is replaced
by carbohydrate in the diet.
Reinventing the buried wheels
A number of recent studies have generated views similar
to some in the early days of the diet-heart hypothesis. However
these views lacked the “stickiness-factor” required to hold the
attention of the scientific community. During its evolution, the
wave of the diet-heart hypothesis was strong enough to wash
away all opposition. These dissenting views were the buried
wheels which had to be reinvented.
For instance Ahrens and his colleagues carried out a
number of studies in the 1950s to study the effect of dietary
fat on serum cholesterol.12, 13, 14, 15 One of his important
inferences from these studies was that there was much
“heterogeneity” in individual responses leading to much
variance in serum cholesterol levels in response to dietary fat
– “one size did not fit all.” Because of such variation it would
was not prudent to make dietary guidelines based on the dietheart hypothesis. A recent systematic review echoes these
views.69 The authors of this review state that current evidence
is limited but suggestive of much genetic variation in the lipid
response to dietary intervention. Insights into gene-diet
interactions will increase our understanding of pathways of
lipid metabolism and role of diet in modifying cardiovascular
risk.69
Decades ago, Albrink49, 51 and Ahrens48, 50 had expressed
concerns about replacing dietary fats with dietary sugars
causing increase in serum triglycerides associated with
increased risk of coronary heart disease. Had this line of
research received more attention earlier we might have
prevented a large number of morbidity from cardiovascular
and other chronic diseases. Besides the fast track mode of
promotion of the diet-heart hypothesis in those days, there
were other factors at play including market forces. Recent
scrutiny of sugar industry documents in USA suggest that sugar
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industry sponsored research in the 1960s and 1970s
undermined the hazards of sugar while promoting dietary
saturated fat as the major risk factor.70
Recently, DiNicolantonio et al71 reviewed the evidence
for saturated fat and for sugar related to coronary heart disease.
They concluded that while dietary guidelines even today advise
restriction of saturated fat to check serum cholesterol which
is only modestly associated with cardiovascular mortality;
sugars and refined carbohydrates carry a greater risk. They
caution that when dietary saturated fats are replaced by sugars
and refined carbohydrates the risk of coronary heart disease
may increase threefold.71
CONCLUSION
Epidemiological studies which were helpful in
communicable diseases have their limitations when applied
to chronic diseases.16 Chronic diseases have a long latent period
and have multiple causative and confounding factors.
Nutritional epidemiology is limited by number of biases and
measurement errors. It is not feasible to administer a diet plan
on a population and keep all variables constant over a number
of years. It is also difficulty to keep participants restricted to a
rigid lifestyle.
This “quick and dirty” nature of nutritional studies and
“thinking fast” mode promoted by different stakeholders, led
to the simplistic “diet-heart” hypothesis in spite of intersperse
of “slow thinkers” who were condemned to obscurity. Only
recently the “slow thinkers” seem to be catching on and
reanalysis of important archival data may unravel the nuances
of diet and disease. Increasingly it is being realized that dietary
carbohydrates and increased serum triglycerides pose stronger
risk than dietary fats for cardiovascular and other chronic
diseases. This is of relevance to the Indian population as our
carbohydrate consumption is on the higher side. We need more
indigenous studies of good quality urgently as our burden of
chronic diseases is increasing.
Though recent accumulating evidence may bring about
a paradigm shift in the diet-heart hypothesis, this may not be
abrupt. Conflicts of interest among market forces and other
stakeholders may tend to maintain the status quo.72
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