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The Problem of Confounding in Epidemiology 
by Donald Gillies, University College London (donald.gillies@ucl.ac.uk)  
 
This paper is a revised version of some talks I gave at meetings of the project 
‘Evaluating Evidence in Medicine’ (AH/M005917/1), which ran from 2015 to 2018.  
I am grateful to the UK’s Arts and Humanities Research Council (AHRC) for 
supporting this project; and for the very many useful comments from project 
participants including Brendan Clarke, Phyllis McKay Illari, Mike Kelly, Charlie 
Norell, Veli-Pekka Parkkinen, Frederica Russo, Jan Vandenbroucke, Christian 
Wallmann, Michael Wilde, and Jon Williamson.  Many improvements to the paper 
were made in the light of these comments. 
 
 
 
Abstract  The concept of confounding is fundamental in epidemiology, and this paper 
takes the view of Vandenbroucke that “confounding is not a statistical or analytic 
concept.  It is a concept that has to do with the logic of scientific reasoning.”  Hence 
the aim of the paper is to analyse confounding in terms of concepts of philosophy of 
science, especially those of empirical confirmation and disconfirmation.  Using the 
approach of integrated history and philosophy of science, the analysis is conducted 
using historical case studies from epidemiology, particularly Ancel Keys’ study of 
coronary heart disease in seven countries.  The paper argues that there are three 
fundamental strategies for dealing with confounding: (1) testing possible confounders; 
(2) randomization; and (3) consideration of mechanisms.  The account of these 
strategies leads to the formulation of the principle of strength through combining, 
which stresses the gain in empirical confirmation which is obtained by combining 
evidence of different types.  In conclusion, there is a discussion of the value of a 
classification, of the type proposed, in considering how well an epidemiological study 
deals with the problem of confounding. 
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1  Introduction 
 
Epidemiology is a science with many striking successes to its credit.  Yet, until 
recently, it has been largely ignored by philosophers of science.  Fortunately this 
situation is changing.  Alfredo Morabia edited a collection of papers entitled: A 
History of Epidemiologic Methods and  Concepts, which was published in 2004.  This 
contains many interesting philosophical reflections.  In 2013, Alex Broadbent 
published a book specifically on: Philosophy of Epidemiology.  In it, he urges 
philosophers of science to take an interest in epidemiology, writing (2013, 2):  
“Epidemiology is as philosophically interesting and as worthy of philosophical study 
as physics, biology, and psychology.”  Moreover at the conclusion of his book, he 
says (2013, 207): 
 
“ … this short study covers only a part of what there is to be covered.  The philosophy 
of epidemiology remains a fertile but largely unploughed field. … The larger goal … 
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is to demonstrate that epidemiology rewards philosophical study, in the hope that 
others will undertake it …” 
 
 This paper is an attempt to work on Broadbent’s research programme, by 
dealing with a central concept of epidemiology, which is only touched on in his book.  
This is the concept of confounding.  In his 2004 paper on the history of confounding, 
Vandenbroucke says (314):  
 
 “Confounding is not a statistical or analytic concept.  It is a concept that has to do 
with the logic of scientific reasoning.” 
 
This seems to me correct.  The problem of confounding typically arises when a 
correlation has been established, and it has to be considered whether this correlation is 
causal in character or confounded by some other variable.  This question cannot be 
answered purely by using statistical techniques, or logico-linguistic analysis.  It is 
often necessary to consider what might be plausible alternative explanations of the 
correlation given the background scientific knowledge.  This brings in general 
considerations about scientific reasoning, and hence questions of philosophy of 
science, particularly those concerned with the empirical confirmation or 
disconfirmation of hypotheses. 
 Morabia thinks that a key step in the introduction of the concept of 
confounding in epidemiology was Ronald A. Fisher’s 1959 questioning of the link 
between smoking and lung cancer which by then had apparently been shown in a 
number of epidemiological studies.  Morabia writes (2004, 59): 
 
“Fisher’s idea was that the association between smoking and lung cancer was 
spurious.  Smoking was related to some genetic predisposition, which caused lung 
cancer.  Fisher did not use the word confounding, but his point was that the relation of 
smoking to cancer was ‘confounded’ by genetic predisposition.” 
 
Vandenbroucke agrees with Morabia on this point, and also stresses the importance of 
the reply to Fisher’s objection by Cornfield et al (1959), though Cornfield, like Fisher 
in this context, did not use the word ‘confounding’.  I think the concept of 
confounding can be most easily clarified using an example similar to that of the 
Fisher-Cornfield debate.  
 Freudenheim et al (2005) report a series of studies of alcoholics carried out 
between 1974 and 1981, which showed that the high consumption of alcohol by these 
individuals was accompanied by high levels of morbidity and mortality from lung 
cancer.  So we have a strong correlation between heavy drinking and lung cancer.  
However, few would accept that there is a significant causal link here.  Instead the 
correlation would be attributed largely to the confounding factor of smoking.  A large 
percentage of alcoholics are also heavy smokers, and most researchers would judge 
that it was the smoking of alcoholics rather than their drinking which increased the 
risk of lung cancer.  Admittedly Freudenheim et al (2005) think that heavy drinking 
might slightly increase the risk of lung cancer, but they add (p. 657):  “Residual 
confounding by smoking may explain part of the observed relation.”  It seems 
reasonable to assume that the correlation between heavy drinking and lung cancer 
corresponds at most to a weak causal relation, and that this is because there is a 
confounder, namely smoking.  Here the confounder has all or most of the causal 
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efficacy, and the strong correlation between heavy drinking and lung cancer only 
occurs because heavy drinking and heavy smoking are correlated.  
 Another example is the classic one of barometers and rain.  Suppose I have a 
particular barometer, I might well establish by careful observation that the 
barometer’s reading falling to a low level is strongly correlated with rain occurring.  
Obviously, however, the barometer’s reading is not a cause of rain.  Rain is caused by 
a fall in atmospheric pressure, and such a fall also causes the barometer’s reading to 
fall.  The barometer’s reading and the rain have a common cause, and this is why they 
are correlated, even though the barometer’s reading has no causal influence on the 
rain.   
 Generalising from these examples, suppose that two variables A and B are 
strongly correlated.  This could indicate that there is a causal link between them, but 
this is not necessarily the case.  The principal cause of B might be some other variable 
C, and A might have no causal influence on B, or, at best, might have a very weak 
causal influence.  This could happen, as in the barometer/rain example, if C is a 
common cause of both A and B, or, as in the heavy drinking/lung cancer, simply 
because A and C are correlated.  In such situations C is known as a confounder.  It 
confounds the claim that the correlation between A and B is causal in character.  
 Now characteristically epidemiological studies of a disease produce 
correlations.  Yet obviously we are interested in the causes of the disease, and any 
strong correlation produced by a study might turn out to be confounded.  This is why 
the problem of confounding is central to epidemiology. 

In this paper, I am not concerned with specific techniques for dealing with 
confounding, but with general strategies.  My view is that three strategies have been 
developed for dealing with the problem of confounding.  These are: 
 

(1) Testing possible confounders; 
(2)  Randomization; 
(3)  Consideration of mechanisms 

 
I will discuss these strategies in detail in sections 4, 5 and 6 of this paper.  Using the 
approach of integrated history and philosophy of science, I will illustrate them by 
historical case studies from epidemiology.  My first example is one of the most 
famous in the history of epidemiology, namely Ancel Keys’ study of coronary heart 
disease in seven countries.1  I will also consider, in connection with this study, some 
related work on atherosclerosis.  Before coming to the seven countries study, 
however, it will be helpful to say something about coronary heart disease, and about 
Ancel Keys’ research into it, before he launched the seven countries study. 
 
 
2  Coronary Heart Disease and Ancel Keys 
 
What exactly is coronary heart disease, and how does it differ from other forms of 
heart disease?  The identification of coronary heart disease as a specific disease entity 
was the result of an important development in the 19th century – the pathological 
anatomy movement.  The idea behind this movement was simple enough.  After a 
patient had died of some disease, a careful autopsy would be carried out to determine 

                                         
1 Ancel Keys’ Seven Countries study is not mentioned in Morabia (2004).  So I hope that an analysis of 
it will provide an addition to the literature. 
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what internal damage had occurred, and an attempt made to see how this internal 
damage related to the patient’s symptoms.  A natural result of this approach was to 
define diseases less in terms of their symptoms, and more in terms of internal 
pathological changes.  One quite early discovery was that patients with a variety of 
apparently different diseases had arteries in whose walls plaques had developed which 
restricted the flow of the blood.  The German-born French surgeon and pathologist 
Jean Lobstein in 1829 introduced the term ‘arteriosclerosis’, or hardening of the 
arteries, for this phenomenon.2 Nowadays the term ‘atherosclerosis’ (from the Greek 
words: athera = gruel, and sclerosis = hardening) is usually employed. Atheroclerotic 
plaques restrict the blood flow in an artery, and, when strongly developed, can lead to 
thrombosis, that is the formation of a blood clot which may close the artery 
completely.  If this happens in an artery supplying blood to the brain the result is a 
stroke.  If the arteries supplying the legs and feet are affected by atherosclerosis, the 
result is peripheral vascular disease.  A typical symptom when blood flow is restricted 
without being cut off altogether is intermittent claudication, which consists of pains in 
the legs when walking which disappear after a short rest.  The arteries are no longer 
able to supply sufficient oxygenated blood to fuel the muscles needed in walking.  In 
more extreme cases, perhaps after a thrombosis, gangrene can set in. 
 Coronary heart disease is produced by atherosclerosis of the coronary arteries 
which supply the heart with blood.  If these arteries become partially blocked, and 
blood flow to the heart is restricted, the result is angina pectoris (acute coronary 
syndrome).  This consists of chest pains which arise from exertion, but disappear with 
rest.  It is similar to intermittent claudication, but affects the heart rather than the legs.  
A thrombosis in one of the arteries supplying the heart leads to a myocardial 
infarction (or heart attack).  If the blood clot closes off the blood supply from the 
artery, a portion of the cardiac muscle (myocardium) dies.  In 25 to 35 per cent of 
cases, a first heart attack is fatal. 
 The19th century pathological anatomists identified atherosclerosis, and were 
able to relate atherosclerotic plaques to the symptoms of various diseases.  They also 
started making some conjectures as to how and why atherosclerotic plaques formed.  
Carl von Rokitansky (1804-1878) was a leading Austrian pathologist, who performed 
over 30,000 autopsies.  He suggested that atherosclerotic plaques were formed by the 
deposition of blood elements on the lining of the artery.  However, this theory was 
challenged by von Rokitansky’s German rival: Rudolph Virchow (1821-1902).  
Virchow pointed out that the plaques were not situated on the inner surface of the 
artery wall (the endothelium), but just inside the endothelium in the so-called intima 
of the arterial wall.  
 A further important discovery was made in 1910 when a German chemist 
(Windaus) showed that atherosclerotic plaques were composed of calcified connective 
tissue and cholesterol. 
 Coronary heart disease (CHD) had become, by the late 1940s, the major killer 
disease in America.  So it is not surprising that an ambitious researcher such as Ancel 
Keys should turn his attention to it.  His first effort was empirical in character, and, it 
must be said, rather floundering.  Keys was at the University of Minnesota, 
Minneapolis.  So he selected a cohort of middle-aged businessmen (aged 45-55) from 
the Twin Cities. As he says (1990, 289): “Their entry examinations were finished in 
February 1948, with annual reexaminations until 1972.  Their vital status was 

                                         
2 The account of 19th century pathological anatomy which follows is largely based on Abela (2003) and 
Mayerl et al (2006). 
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followed to March 1988, 40 years with only one man lost to follow-up.” The idea was 
to keep track of a number of different characteristics, and see if significant 
correlations could be found with any of them among the sub-group who contracted 
CHD.  However, as Keys himself says (1990, 289): “Among 60 characteristics 
measured, the diet had little attention.” Not much of interest ever emerged from this 
study. 
 Keys attitude to the importance of diet for CHD was changed by a chance 
meeting.  In 1951, Keys was Chairman of the Joint FAO-WHO United Nations 
Committee.  This committee had a meeting for 10 days in Rome that year, and at the 
meeting Keys met Gino Bergami from the University of Naples.  According to Keys’ 
1983 memoir (2): 
 
“Gino Bergami … told me about the typical low-fat diet of Naples, insisted that 
coronary heart disease was not a big problem in that city, and invited me to Naples to 
see for myself.” 
 
Keys, who was a great lover of travel, could not resist this offer, and in January 1952 
he set off for Naples with his wife Margaret.  Margaret Keys was a medical technician 
who assisted her husband by taking blood samples and measuring cholesterol levels.  
She collaborated with him in his research in other ways as well.  Their findings were 
very much in agreement with what Gino Bergami had told him (Keys, 1983, 2-3): 
 
“No tests of probability were needed to show a vast difference between these workers 
in Naples and their counterparts in Minnesota.  The average serum cholesterol was 
about 170 mg/dl … .  The dietary survey was crude but there was no mistaking the 
general picture.  A little lean meat once or twice a week was the rule, butter was 
almost unknown, milk was never a beverage except in coffee or for infants, 
‘colazione’ on the job often meant half a loaf of French bread crammed with boiled 
lettuce or spinach.  Pasta was eaten every day, usually also with bread (no spread), 
and something like a fourth of the calories in the diet were provided by olive oil and 
wine.  There was no evidence of nutritional deficiency … As to coronary heart 
disease … the disease was rare in hospitals. … During the time we worked in Naples 
we learned of no acute myocardial infarction patients in the 60-bed medicine service 
in the University Hospital next door …”  
 
The only qualification which Keys makes, is that these observations applied to the 
working class.  Wealthy Neapolitans suffered more from coronary heart disease than 
the workers, but they also ate more meat and rich food.   
 From Naples, Ancel and Margaret Keys went on to Madrid, where they found 
much the same situation.  With his characteristic love of travel, Ancel Keys extended 
his research in the next few years to Finland and Japan.   
 His visits to Finland led him to question some commonly held ideas about the 
aetiology of coronary heart disease.  The high levels of this disease among American 
business men were often attributed to their sedentary life, which led them to become 
fat and physically unfit, and to the stresses of their life in the high-pressured 
atmosphere of American cities.  If this were so, then a lean, physically fit population 
in a calm rural environment should have a very low level of coronary heart disease.  
Finland showed that this was not the case.  Speaking of Finland, Keys says (1957, 
1917): 
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“ … a large proportion of the population is strictly rural and lives widely scattered in 
the quiet countryside.  There is little housing congestion, motor traffic is light, hard 
physical work is the rule rather than the exception, and probably no other country can 
boast so high an average level of physical fitness.  According to some ideas, Finland 
should be peculiarly free from coronary heart disease, but according to vital statistics 
it competes with the United States in the great frequency of the disease.” 
 
In the later seven countries study, the cohort with the highest level of coronary heart 
disease was the one from East Finland.  Keys tells us what he learnt about the local 
diet from his visit to the area (1983, 7): 
 
“ … we went into the woods to have sauna with some lumberjacks.  Two of them 
confessed to being slowed up by angina pectoris but more interesting was a glimpse 
into local eating habits.  A favourite after-sauna snack was a slab of full-fat cheese the 
size of a slice of bread on which was smeared a thick layer of ‘that good Finnish 
butter’.  A later detailed dietary survey by Maija Pekkarinen and the late Paavo Roine 
found that butter, milk, and cheese accounted for 40% of the average total dietary 
calories of the middle-aged men in that area … .  We were not surprised when 
Minneapolis reported serum cholesterol values over 300 mg/dl in more than 15% of 
the samples we sent from East Finland.” 
 
 Japan was in terms of the prevalence of coronary heart disease, the other 
extreme from Finland.  Keys states (1957, 1916) that the death rate in Japan from 
coronary heart disease in 1953-54 for men aged 50-54 was less than a tenth that for 
white American men in the same age group.  However, the groups, which Keys and 
his collaborators studied in rural southern Japan, had a life style very similar to that of 
East Finland.  They were farmers or fisherman, used to carrying out hard physical 
labour, and, as a result, lean and physically fit.  The great difference between them 
and the Finns was the character of the diet, which in the case of Japan was very low in 
fat.  
 These observations led Keys to the conclusion that a high level of fat in the 
diet was a crucial factor in the aetiology of coronary heart disease.  But what kind of 
fat was relevant?  Keys and his associates carried out some clinical trials on this 
question, reporting the results in Keys et al (1957).  Dietary fats were divided into 
saturated, monounsaturated, and polyunsaturated.  The experimental results showed 
that saturated fats raised blood cholesterol levels, monounsaturated fats left blood 
cholesterol levels largely unchanged, while polyunsaturated fats reduced blood 
cholesterol levels, though by much less than they were raised by the corresponding 
amount of saturated fats.  The main source of saturated fats is animal fats in meat, 
butter, cheese, cream etc. 
 By 1957 then Keys had developed causal hypotheses regarding CHD, which 
using ‘è’ to mean ‘causes’ can be stated as follows (CH 1): 
 
1. Having a diet high in saturated fats è 
2. Blood cholesterol level to become high è 
3. Coronary heart disease 
 
These causal hypotheses are to be found in Keys (1957).  So, in contrast to his study 
of middle-aged business men from the Twin Cities, Ancel Keys had formulated some 
definite hypotheses about the causes of CHD when he started the seven countries 



 7 

study in 1958, and the seven countries study was designed to test these hypotheses 
empirically.  This point is important from the point of view of scientific method.  The 
phrase ‘causal inference’ so often used by epidemiologists implies an inductivist 
methodology in which data is collected and causal hypotheses are inferred from it.  
Yet many of the most successful epidemiological studies have used instead the 
hypothetico-deductive approach in which the investigator has formulated some causal 
hypotheses in advance, and the study is designed to test these out against the data 
collected. 
     
 
3  The Seven Countries Study 
       
The seven countries study was a ‘cohort study’ or ‘prospective study’, and so purely 
observational in character.  The researchers observed the situation without intervening 
in any way, and the result of the investigation consisted of some statistical data.  16 
different cohorts were chosen – at least one in each of the seven countries.  The 
investigations were started between 1958 and 1964, with the plan of examining the 
participants at the beginning and then every five years.  By 1969, the five year results 
were in, and in 1970, the results were published in Ancel Keys (Ed.)  

The seven countries were: Finland, Greece, Italy, Japan, the Netherlands, 
U.S.A., and Yugoslavia.  The cohorts chosen consisted of men aged between 40 and 
59, since this was the group most at risk of CHD.  In the U.S.A., there was one large 
cohort of 2,571 men who were employees of the American railroad industry.  The 
participants in the 15 remaining cohorts numbered 10,199, giving an average of 680 
per cohort.  The smallest of these cohorts was 504, and the largest 993. 

For each of the participants, the blood cholesterol level was measured, and so 
also was height, weight, blood pressure, and fatness (given by the combined thickness 
of two skinfolds).  A note was made of smoking habits, and also of level of physical 
activity, which might be high for those engaged in heavy manual work, and low for 
those in sedentary occupations.  Finally, of course, the diet was recorded.  Samples 
from the cohorts were taken, and the foods they ate in a week were carefully recorded 
and weighed.  This was repeated at different seasons of the year.  The foods 
consumed were analysed to find their constituents in terms of fats, carbohydrates, 
proteins, etc.  This analysis was carried out in different ways, and it was checked that 
the different estimates agreed. (See Ancel Keys (Ed.), 1970, 162-9 for details.) 

It is difficult not to be impressed by the close attention to detail with which 
every aspect of the project was implemented.  Equally impressive was the overall 
design.  In fact there is very considerable individual variation in the effect of diet on 
blood cholesterol levels.  In an extreme case, those who suffer from a genetic 
condition known as familial hypercholesterolemia have very high blood cholesterol 
levels whatever diet they eat.  This problem was overcome by comparing, not 
individuals, but cohorts of at least 500 members who all ate very similar diets.  
Average values for such cohorts gave a good indication of the general effect of diet on 
blood cholesterol level.  Another excellent feature of the design was that there was a 
great deal of variation in the diets of cohorts in different countries, and even, to some 
extent, between cohorts in the same country.  This variation was a good way of 
detecting the key causal factors in coronary heart disease.  As Keys himself says, in a 
passage which contains an implicit criticism of his study of business men in the Twin 
Cities, (1970, 1): 
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“ … limiting studies to urban white Americans must be a serious handicap if it is 
hoped that relationships between factors in the mode of life and susceptibility to CHD 
will be discovered.  Variety – and not a high degree of homogeneity in culture and 
habits – must be sought.  So it is necessary to look at other populations.” 
 
 The seven countries study is thus an excellent example of the view of causality 
proposed by Russo in her 2009 book.  This is based on what she calls ‘the rationale of 
variation’, writing (4): “the rationale of variation conveys the idea that, in causal 
models, to test causal relations means to test variations among the variables of 
interest.”  Later, she contrasts this with a more Humean approach, saying (109):  
“Hume inferred causation from regularity, whereas my claim is that we infer 
causation from variation because variation conceptually and empirically comes before 
regularity.”  Russo does not mention the seven countries study in her book, but it is an 
excellent example of the principles she advocates.  In the seven countries study there 
were considerable variations in diet and many other factors between the cohorts in the 
different countries.  These variations were very helpful in uncovering the causal 
factors in CHD.  By contrast the lack of such variation in the Twin Cities study of 
white American businessmen was partly responsible for the failure of that study to 
produce significant results. 

That completes my description of the seven countries study.  Let us now see 
what results it brought to light after five years. 

After all the complexities of setting up the seven countries study, the results 
obtained turn out to be quite simple.  Keys was working with the causal hypotheses 
stated above (CH 1).  The causal links postulated  were between stages 1 & 2, 
between stages 2 & 3, and consequently between stages 1 & 3.  If these causal links 
do indeed hold, then there should be strong positive correlations between percentage 
of saturated fats in the diet (stage 1) & serum cholesterol level (stage 2), between 
serum cholesterol level (stage 2) & incidence of coronary heart disease (stage 3), and 
between percentage of saturated fats in the diet (stage 1) and incidence of coronary 
heart disease (stage 3).  Thus the main results of the 5 year study boiled down to 3 
correlations, which we will consider in turn.  Note that the correlations were not 
worked out for individuals, but for cohorts.  For each cohort, the average percentage 
of calories which came from saturated fats, and the median serum cholesterol level 
were calculated from the data. 

The first correlation was between the percentage of calories in the diet from 
saturated fats, and the median serum cholesterol level.  Its value was 0.89, and the 
relationship is illustrated in Figure 1. 
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Fig. 1  Source: Keys, 1970, Figure XVII.2, 170. 
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Here the broken circles indicate that (Keys, 1970, p. 171): “the fatty acid values are 
estimated from the dietary records rather than determined by direct chemical analysis 
as in the other cohorts.”  As can be seen, linear regression provides a good fit. 
 The second correlation was between the median serum cholesterol level, and 
the incidence of coronary heart disease (CHD).  This incidence was measured in two 
different ways.  The first was the percentage of deaths from CHD, and myocardial 
infarctions (heart attacks) established by “hard criteria” such as ECG results.  The 
second was the percentage of the cohort who were diagnosed as having CHD.  The 
results for both measures are given in Figure 2. 
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Fog. 2 Source: Keys, 1970, Figures XVII.3&4, 172 
 
Once again the linear regression model gives a good fit, and the correlations are 0.76 
and 0.81. 
 The third correlation was between the percentage of calories in the diet from 
saturated fats, and the incidence of coronary heart disease.  This time only the first 
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method was used to measure CHD incidence, that is to say deaths from CHD and 
myocardial infarctions.  The result is given in Figure 3. 
 
 
 
 

 
 
Fig. 3  Source: Keys, 1970, Figure XVII.6, 174 
 
As in the other cases, the linear regression model gives a good fit, and this time the 
correlation is 0.84. 
 This evidence undoubtedly confirms Keys’ causal hypothesis (CH 1).  For 
each causal link postulated in that hypothesis, the data yields a good linear regression 
with a strong positive correlation.  The correlations are all between 0.76 and 0.89.  
This is the strength of the evidence.   
 But what is its weakness?  Its weakness can be summed up in the well-known 
maxim that correlation is not causation.  It is perfectly possible to have a very strong 
correlation between two variables, which are not causally connected at all, as the two 
examples given in the introduction (barometer/rain, and heavy drinking/lung cancer) 
showed.  In such examples the correlation does not show causality, because of the 
existence of a confounder.  So the weakness of the kind of observational statistical 
evidence which Keys presents in his seven countries study is that it is liable to 
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confounding.  This brings us to the main problem of this paper – namely how to deal 
with confounding.  My suggestion is that there are 3 principal strategies, and they will 
be discussed in the next 3 sections. 
 
 
4  First Strategy.  Testing Possible Confounders 

        
It is difficult to illustrate the problem of confounding using the data from all the seven 
countries; but the nature of the problem can be shown conveniently by confining 
ourselves to the results from just two countries, namely Japan and the U.S.A. 
 There were two cohorts from Japan.  One was from the farming village of 
Tanushimaru and had 509 members.  The other was from the fishing village of 
Ushibuka and had 504 members.  Both cohorts were located in Kyushu in Southern 
Japan.  There was only one large cohort from the U.S.A. consisting of 2,571 railroad 
men.  The various statistics for the 5 year period were as follows. 
 The percentage of calories from saturated fats was 3% for Japan and 17-18% 
for U.S.A.  The U.S.A. figure was thus between 5.7 and 6 times that of Japan. (Keys, 
1970, p. 168) 
 The median serum cholesterol levels were 170 mg/dl in Tanushimaru, the 
farming village, and 140 mg/dl in Ushibuka, the fishing village, giving an average of 
155 mg/dl. (Keys, 1970, p. 111)  The median serum cholesterol level of the U.S.A. 
cohort was 237 mg/dl. (Keys, 1970, p. 54).  So the U.S.A. figure was 82 mg/dl higher 
than that of Japan. 
 To measure the incidence of coronary heart disease in the two countries, I will 
simply use the death rates from CHD in the 5 years (see Keys, 1970, 7).  Among the 
Japanese cohorts there were 5 deaths from CHD, giving a death rate per 1,000 of 4.9.  
In the U.S.A. cohort, there were 62 deaths from CHD, giving a death rate per 1,000 of 
24.  The U.S.A death rate from CHD was thus 4.9 times that of Japan. 
 These figures certainly suggest a causal link between dietary saturated fat and 
coronary heart disease, but could there be an alternative explanation?  The U.S.A. 
railroad men were all white (Caucasian).  Could the Japanese have a group of genes 
which protected them from CHD, and which was lacking among Caucasians?  The 
lower death rates from CHD among the Japanese might be nothing to do with their 
diet, and be the result rather of their genes.  To put it another way, there might be a 
genetic confounder of the hypothetical causal link between dietary saturated fat and 
CHD.  This is a similar idea to that of Fisher when he postulated a genetic confounder 
to explain the correlation between smoking and lung cancer (see Introduction).  
 In fact it was quite easy in the CHD case to test out the hypothesis of a genetic 
confounder against data, and this was done by Keys and his colleagues.  If there is a 
genetic confounder, then groups of Japanese who start eating a typical American diet 
will have an incidence of CHD much lower than that of white Americans, because 
they will be protected by their anti-CHD genes.  If on the other hand, there is no 
genetic confounder, then groups of Japanese who eat a typical American diet will 
have an incidence of CHD much the same as that of white Americans.  All that needs 
to be done is to compare data on incidence of CHD among Japanese living in Japan 
and eating the traditional Japanese diet with that among Japanese who have emigrated 
to the U.S.A. and started eating a typical American diet.  Keys et al (1958) carried out 
an investigation of this sort by comparing Japanese in Japan with Japanese in Hawaii 
and in California.  The overall finding was that death rate from CHD among the 
Japanese in California was more or less the same as that of white Californians, and 
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much higher than that of Japanese in Japan.  The death rate from CHD for Japanese in 
Hawaii was intermediate between the two values.  The observations indicated that as 
Japanese, who had emigrated, became increasingly Americanised and adopted the 
American diet, so their death rate from CHD rose to become more or less the same as 
that of white Americans.  There was no indication that the Japanese had any special 
genetic protection against CHD.  These findings were confirmed by a later 
investigation along similar lines (Robertson et al, 1977).  In effect the hypothesis that 
there might be a genetic confounder was strongly disconfirmed. 
 This example suggests a general strategy for dealing with the problem of 
confounding.  Suppose there is a strong correlation between A and B, and we think 
that this might indicate that A causes B.  We should then try to think of as many 
possible confounders C as we can, and in each case test whether the confounder C 
causes B.  If the hypothesis that C causes B is disconfirmed for each confounder C 
considered, then we can conclude that the link between A and B may indeed be causal 
in character. 
 What makes this strategy viable is that it is much easier to disconfirm or even 
refute a claim than A causes B than it is to confirm that A causes B.  The situation 
here is the opposite of what Popper claims in a famous passage where he writes 
(1963, p. 36): 
 

It is easy to obtain confirmations … for nearly every theory – if we look for 
confirmations. 

 
From ‘C causes B’ it can often be deduced that, in specified circumstances, C should 
be strongly correlated with B.  If frequency data is available, we can easily check 
whether C and B are correlated, and, if it turns out that they are not correlated, or 
correlated to only a very small extent, then we will have obtained a refutation of C 
causes B.  Suppose, however, we observe that A is strongly correlated with B, this on 
its own does not confirm that A causes B, because of the maxim that correlation is not 
the same as causation.  In order to confirm that A causes B, we need to provide some 
evidence in addition to that of correlation.  In order to disconfirm that A causes B, the 
evidence of correlation is often sufficient.  Hence in the case of causal hypotheses 
disconfirmations are easier to obtain than confirmations.  However, the fact that 
disconfirmations are easier to obtain than confirmations makes it easier to apply 
Popper’s scheme of conjectures and refutations, which he outlines as follows (1963, 
53): 
 
“Repeated observations and experiments function in science as tests of our 
conjectures or hypotheses, i.e. as attempted refutations.” 
 
We can illustrate this by mentioning two further causal hypotheses which Keys et al 
consider, and then refute, on the basis of their data from the seven countries study. 
 The first of these hypotheses is that the percentage of calories in the diet from 
proteins is a causal factor in coronary heart disease.  In fact a theory had been put 
forward that consumption of protein was harmful and caused hardening of the 
arteries.  This is probably why Keys et al (1970) examine what their data show on this 
question.  Their results are given in Figure 4. 
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Fig. 4  Source: Keys, 1970, Figs XVII.8 and XVII.10, 176 & 178  
 
 
The top diagram is CHD incidence, measured by all diagnoses of CHD among men 
CHD-free at entry, against the percentage of calories from proteins in their diet.  As 
can be seen the correlation is very low (0.14), and there is no sign of a linear relation 
between the variables.  A contrast is provided by the result when CHD incidence is 
plotted against the percentage of calories from saturated fats in their diet. This is 
shown in the lower diagram.  Here the correlation is 0.84 and there is a clear sign of a 
relationship between the variables.  These results strongly disconfirm the claim that 
the percentage of calories from protein in the diet is a causal factor for coronary heart 
disease. 
 The second hypothesis was that a sedentary life, a lack of physical fitness, and 
the stress of existence in the big city were causal factors for coronary heart disease 
among American business men.  This was a popular theory in Keys’ time, and has by 
no means disappeared today.  However, as we saw, in section 3, Keys produced 
evidence, which strongly disconfirmed this hypothesis, from his study of the East 
Finns.  The cohort from East Finland engaged in heavy manual work, and were lean 
and physically fit as a result.  They also lived in the tranquil countryside.  Yet their 
rate of coronary heart disease was the highest of all the cohorts in the seven countries 
study. 
  
 
5  Second Strategy. Randomization 
 
Epidemiology does not consist entirely of observational studies such as cohort 
studies.  It also includes clinical trials, which are interventional in character.  The vast 
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majority of clinical trials nowadays are randomized controlled trials, or RCTs.  
Although there had been earlier suggestions that randomization might be a useful 
technique, the large scale introduction of randomization in statistics was due to the 
work of Ronald A. Fisher in the 1920s in the context of agricultural experiments.  
Randomization was then extended to medicine in the 1940s and early 1950s by Austin 
Bradford Hill.  The great advantage of randomization is that it provides a second 
strategy for dealing with the problem of confounding.  Suppose that A is strongly 
correlated to B, and we think A may cause B, but are doubtful whether there may 
instead be a confounder C which causes B.  The first strategy for dealing with this 
doubt was to think of all the possible confounders C that we can, and then test them 
out against the data to see if we can refute the hypothesis that C causes B.  If we can 
indeed refute all such hypotheses, this provides good evidence that A causes B.  
However it could now be objected that this is all very well, but that there may still be 
a confounder we have not thought of.  Randomization provides a technique for 
dealing with unknown confounders.  Suppose there is a confounder C, which, 
unknown to us, causes both A and B, and that A does not really have any causal 
influence on B.  In our trial, let us divide the participants randomly by tossing a fair 
coin, into the control group, who do not receive A, and the intervention group, who do 
receive A.  Then if a particular participant has C, he or she is just as likely to be in the 
control group as the intervention group.  Since C is a cause of B, and A is not a cause 
of B, then the difference between the intervention group and the control group will 
disappear.  If there continues to be a difference between the control group and the 
intervention group, we can conclude that the intervention variable (A) really is a 
cause and that confounders have been dealt with.  Of course this argument is not 
entirely conclusive, since random choice by tossing a fair coin only produces an equal 
distribution in the limit.  In a particular trial, an unbalanced distribution can occur.  As 
Vandenbroucke says (2004, 320): 
 
“ … in actual practice it is quite possible, that by the luck of the draw one of the 
comparison groups in a randomised trial has different baseline characteristics, and 
therefore a more favourable prognosis than the other.  This was the case in the UGDP 
study (Cornfield, 1971).”   
 
There has also been considerable discussion, and criticism, of randomization in the 
philosophical literature, see Cartwright (2010), Cartwright and Munro (2010), La 
Caze et al. (2012), Papineau (1994), and Worrall (2007).  Despite the problems these 
authors have brought to light, randomization still remains a useful technique for the 
reasons given earlier in this paragraph, and it is widely employed by medical 
statisticians as a strategy for dealing with confounding. 
 We can illustrate these points by considering a randomized controlled trial 
carried out to investigate the relationship between the dietary intake of saturated 
versus unsaturated fat and the development of atherosclerosis.  This clinical trial was 
carried out by Seymour Dayton and his colleagues.  A preliminary report on the trial 
and its results was given in Dayton et al. (1968), and a more extensive report in 
Dayton et al. (1969).  The trial was partly inspired by some of Keys’ work.  At the 
beginning of Dayton et al. (1969), the authors cite Keys et al. (1958), and some other 
works in the area, and go on to say (p.1): 
 
 “As information along these lines developed, many investigators proposed that 
habitual intake of abundant saturated fat of animal origin was a causative factor in 
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atherosclerosis and coronary heart disease.  This was, however, only hypothesis; 
epidemiological relationships do not prove causality.” 
 
Indeed, as we know, correlation is not the same as causation because of the problem 
of confounding.  Hence the desirability of carrying out a randomized controlled trial, 
since randomization is a strategy for dealing with confounding. 
 The nature of the trial is described by Dayton et al (1968, 1060) as follows: 
 
“Male veterans, aged 54-88 years (mean 65.5 years), living in the domiciliary unit of 
the Los Angeles Veterans Administration Center, were asked to volunteer for this 
study.  A total of 1095 men volunteered, but exclusions and dropouts during the 
preliminary phases reduced this number so that 846 men were ultimately randomised.  
Of these, 422 received the conventional control diet, and 424 the experimental diet.”  
 
 The control diet was a conventional American diet containing 40% fat 
calories, mostly of animal origin.  The experimental diet was designed to be as similar 
to the conventional diet as possible, except that about two thirds of the animal fat 
calories were replaced by vegetable oils, such as corn, cottonseed, safflower, and 
soybean.  In effect, the total fat content of the diet was about the same, but two thirds 
of the saturated fat had been replaced by unsaturated fat.  Two other small changes 
were that the mean iodine value was increased from 53.5 in the control to 102.4 in the 
experimental diet; while the cholesterol content was reduced from 653 mg/day in the 
control to 365 mg/day in the experimental diet.  The latter change was brought about 
by having less eggs – the standard source of dietary cholesterol. 
 In addition to being randomized, the trial was double-blind.  Indeed Dayton et 
al (1969, 55) say:  “The study described herein is, as far as we know, the first 
application of the double-blind technique to a nutritional problem.”  As far as the 
participants were concerned, the double blinding was achieved in a rather ingenious 
fashion, described as follows (Dayton et al, 1969, 55): 
 
“We planned … to establish double-blind conditions by providing a control diet 
which, like the experimental diet, appeared to be a modification of the regular 
institutional fare.  Therefore, both groups of participants were told at the outset that 
their diets would differ from the regular diet but would resemble ordinary institutional 
food. 
 Opportunities for critical comparison of the diets were minimized by serving 
them in separate dining rooms.”  
 
 The participants were examined at regular intervals, and the values of various 
variables recorded.  However, the physicians carrying out these examinations were 
also ‘blinded’ by not being told which diet the participant was on.   
 Recruitment started in the summer of 1959, and the trial was concluded with a 
final re-examination of a participant eight years after he had been recruited.  No 
further recordings for the purposes of the trial were made after 15 January 1968. 
 The serum cholesterol level of the two groups was about the same at the 
beginning (234 mg/dl for the control, and 233 mg/dl for the experimental).  However, 
as a result of the change of diet, the serum cholesterol level of the experimental group 
was lower than of the control group throughout the trial by an average of about 
12.7%. 
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 A feature of this trial was that it recorded all atherosclerotic events and not 
just coronary heart disease.  The events recorded were those established by hard 
criteria, and, in addition to myocardial infarction, and sudden death due to coronary 
heart disease, they included definite cerebral infarction (i.e. stroke), ruptured 
aneurysm, and even amputation necessitated by atherosclerosis of arteries in the leg.  
This choice of outcomes is more logical than focussing exclusively on coronary heart 
disease, since the other outcomes have the same underlying cause, namely 
atherosclerosis.   

The results were as follows (Dayton et al, 1969, 26-27).  In the control group 
70 men died of an atherosclerotic event, as opposed to 48 in the experimental group.  
The difference was significant at the 5% level.  In addition there were some nonfatal 
atherosclerotic events established by hard criteria.  96 men in the control group were 
affected by a fatal or nonfatal atherosclerotic event, as opposed to 66 in the 
experimental group.  The difference was significant at the 1% level. 

These results clearly give empirical confirmation to the causal hypotheses (CH 
2): 
 
1. High dietary intake of saturated fat è 
2. Raised level of serum cholesterol è 
3. Coronary heart disease and other atherosclerotic events 
 
I will next try to analyse the strengths and weaknesses of this interventional statistical 
evidence as compared to the observational statistical evidence provided for similar 
causal hypotheses by the seven countries study. 
 The seven countries study was observational in character, and so strictly 
yielded only correlation not causation.  The study of the Los Angeles veterans, by 
contrast, was a randomized, and even double blind, clinical trial, and so had a built in 
remedy against confounding.  This is the great strength of the Los Angeles veterans 
trial.  In favour of the seven countries study, however, it should be added that Keys et 
al did consider at least one possible confounder (racial/genetic factors), and showed 
that it was refuted by further observational evidence. 
 Let us now turn to the weaknesses of the evidence from the Los Angeles 
veterans trial.  Dayton et al are quite self critical and have a section (1969, p. 56) 
discussing weaknesses of the trial.  One rather specific point they mention is that, 
since the veterans did not take all their meals at the institution, there was not very 
strict adherence to the diet.  In fact Dayton et al estimated the adherence rate as 
approximately 50% overall.  In addition, their RCT has a weakness brought about by 
sample limitations.  

The number involved in the veterans study was 846, which was much smaller 
than the 12,770 who took part in the seven countries study.  In addition, the sample in 
the veterans study is not very representative of the target population to which the 
results might be applied.  This target population is adult males in a country prone to 
atherosclerosis and coronary heart disease.  The hope would be to lower the rate of 
these diseases by persuading the target population to change its dietary habits.  
However, our knowledge of the development of atherosclerosis suggests that such a 
dietary intervention should take place early, say in an individual’s twenties.  By 
contrast, the veterans’ study had a sample of elderly men between 54 and 88.  To 
judge the efficacy of a dietary intervention in the target population, it would have 
been better to have a sample of much younger men.  Indeed it is rather surprising that 
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dietary intervention in a sample of such elderly men had such a striking effect.  
Moreover, Dayton et al do say (1960, 60):  
 
“Stratification of the data by age demonstrated that most of the prophylactic affect 
occurred in the younger half of the study population, less than 65.5 years old at the 
start of the study.”  
 
 The sample limitations of the Dayton et al’s veterans study are in fact fairly 
characteristic of RCTs.  Clarke and Russo (2017), using some results of Fortin et al. 
(2006), point out that in most RCTs of a medication for a disease D, the patients 
considered suffer from disease D, but no other disease.  The sample of patients who 
suffer from the disease D, and for whom the medication might be prescribed, very 
often suffer not only from D but from other diseases (co-morbidities).  So the sample 
used for the RCT is not representative of the target population to whom the results of 
the RCT might be applied.  Another striking example of this phenomenon is provided 
by the thalidomide case.  The horrifying birth defects produced by thalidomide could 
not have been detected by RCTs of the drug, since all RCTs, for obvious reasons, 
exclude pregnant women from taking part (Gillies, 2017, 61).  Then again the sample 
size of RCTs is usually much smaller than that of cohort studies.  There does not seem 
to be any reason in principle why this should be so, and it is usually the result of 
practical factors.  For example, Bradford Hill’s RCT of streptomycin as a possible 
cure for tuberculosis, carried out in 1947-48, had a sample of only 107 (52 in the 
control group, and 55 in the streptomycin group).  Here size was limited because it 
was only possible to obtain small quantities of streptomycin (Gillies, 2017, 58).  
 If we take the evidence of the veterans study together with that of the seven 
countries study, then the weakness of one piece of evidence to a large extent cancels 
out the weakness of the other.  The weakness of the seven countries study was 
concerned with the problem of confounding, while the randomization used in the 
veterans study is one of the standard ways of dealing with the problem.  The 
weaknesses of the veterans trial were those characteristic of clinical trials in general, 
namely sample limitations.  The sample was relatively small, and the participants 
were too elderly to be representative of the target population.  However, both these 
weaknesses were overcome in the seven countries study.  The results of the two 
studies empirically confirmed broadly the same causal hypotheses.  So, taken 
together, they give strong evidence for these hypotheses.   

This is an instance of a principle, which has been advocated for a long time, 
that combining evidence of different types all of which support a given hypothesis, 
greatly strengthens the confirmation of that hypothesis.  This could be called the 
principle of strength through combining.  A recent discussion of this principle is to be 
found in Illari (2011).  Suppose that a causal hypothesis H is confirmed by two 
different types of evidence α and β say.  Illari argues that, if the weaknesses of α are 
compensated for by the strengths of β, and vice versa, then the overall confirmation of 
H is much greater than would be obtained by a comparable amount of evidence just of 
type α or a comparable amount of evidence just of type β.  Speaking of the value of 
combining two different types of evidence she says (2011, 146): “each addresses the 
major weakness of the other evidence.” (Italics in original).  Clarke et al. (2014) give 
a good analogy for this principle, namely reinforced concrete. They say (351):  

“We can describe this situation by an analogy to reinforced concrete, which is formed 
by placing steel grids into concrete. Now most concrete mixes have high resistance to 
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compressive stresses, but any appreciable tension (e.g., due to bending) will break the 
microscopic rigid lattice, resulting in cracking and separation of the concrete. Steel, 
however, has high strength in tension. So, if steel is placed in concrete to produce 
reinforced concrete, we get a composite material where the concrete resists the 
compression and the steel resists the tension. The combination of two different 
materials produces a material that is much stronger than either of its components. In 
the same way ... it is the combination of two different types of evidence which 
produces much stronger overall confirmation than would either type of evidence on 
its own.”  

 
 
6  Third Strategy. Consideration of Mechanisms  
 
Let us take our usual case in which A and B are strongly correlated, and we are 
wondering whether this means that A causes B (A è B), or whether the correlation is 
due to confounding.  Suppose further that B is some physical illness.  Then it may be 
possible to discover a bodily mechanism M which links A to B.  Such mechanisms 
are usually physiological/biochemical processes which go on in the body.  Their 
existence and nature can be confirmed, or disconfirmed, by laboratory experiments on 
animals, tissues, cells, and so on.  Suppose that the existence of a mechanism M 
linking A and B is established in this way.  Such a result provides some evidence that 
the correlation is indeed a causal connection, and not the result of confounding.  Of 
course this evidence is not decisive, since the existence of M does not preclude the 
existence of a mechanism M’ which blocks M, at least in some cases, or the existence 
of another mechanism M’’ which causes B.  Still such evidence of mechanism counts 
for something, and thus our third strategy for dealing with confounding is the 
consideration of mechanisms. 

We can illustrate this strategy by again considering the case of CHD and other 
atherosclerotic events.  Let us focus on the step from 2 to 3 in CH 2, namely (CH 3) 
 
Raised level of serum cholesterol è 
Coronary heart disease and other atherosclerotic events 
 
Strong correlations between raised serum cholesterol and atherosclerosis had been 
found both in the seven countries study, and in Dayton et al.’s clinical trial.  In 
addition, however, quite different investigations had shown that there was a 
mechanism linking the two, namely the following. 
 
Raised level of serum cholesterol è 
Infiltration of some parts of the arterial wall by lipids (namely cholesterol esters) è  
Lipids to be absorbed by macrophages, which become foam cells è  
Full development of atherosclerotic plaques è  
Coronary heart disease and other atherosclerotic events 
 
Two kinds of evidence had confirmed this linking mechanism.  The first, mentioned 
in section 2, is evidence from autopsies.  The second is evidence from laboratory 
experiments on animals, tissues, cells etc.  The first experimental evidence came from 
the work of the Russian scientist Anitschkow, who found a method of producing 
atherosclerosis in rabbits.  His (1933) paper published in English in a widely read 
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collection gives a full statement of his results, which were known to Ancel Keys.  A 
good account, and assessment of Anitschkow’s work is to be found in Steinberg 
(2007, Chapter 2, 15-26), who writes that (20): “Anitschkow might have won a Nobel 
Prize.”  Of course, Anitshckow’s work was only the beginning, and much more has 
been discovered about the mechanism connecting raised levels of serum cholesterol to 
the development of atherosclerotic plaques in the arteries.  The steps given above 
have been confirmed by further experiments, and more details of the mechanism have 
been filled in. 
 This example is another instance of the principle of strength through 
combining which was stated at the end of section 5.  The causal hypothesis CH 3 was 
confirmed empirically both by epidemiological evidence from surveys and clinical 
trials, and also by the evidence for the linking mechanism which was quite different in 
character, being obtained from the results of autopsies and laboratory experiments.  
The fact that CH 3 is confirmed by both these types of evidence very much 
strengthens its overall confirmation.  

The example also shows that epidemiology should not separate itself too much 
from other branches of medical research, since causality in medicine can often be 
more easily established by combining epidemiological evidence with evidence 
coming from other sources.  This point is made by Morabia, who writes (2004, 103): 

 
“Epidemiologic studies were what they were and no more.  Their results could be 
indicative of statistical associations but it became clear that causal statements had to 
be based on a synthesis of all available information, epidemiologic, biological, 
toxicological, etc.” 
 
 
7  The Reception of the Work of Ancel Keys and Related Researchers  
 
It is of interest to consider what has been the reception of the work of Ancel Keys and 
related researchers, both those mentioned in this paper, and others whose research 
broadly confirmed Ancel Keys’ findings.  The situation is in some ways a surprising 
one.  Broadly speaking the original hypotheses of Ancel Keys (given above as CH 1) 
are now accepted by most doctors and medical researchers with two relatively small 
modifications.  The two modifications are the following.  Blood cholesterol is now 
divided into LDL (low density lipoproteins) and HDL (high density lipoproteins).  It 
turns out that LDL (bad cholesterol) promotes the formation of atherosclerotic 
plaques, while HDL (good cholesterol) inhibits their formation.  Thus instead of 
considering blood cholesterol level, one should consider LDL level in the blood.  As 
LDL is a far bigger component of blood cholesterol than HDL, and moreover varies 
more between individuals, this introduces a refinement rather than a radical rejection 
of Keys’ results.  The second modification is that it is better to concentrate on 
atherosclerosis in general, which may include coronary heart disease (CHD) rather 
than exclusively on CHD, as Keys did.  In the light of this, we should modify Keys’ 
original causal hypotheses (CH 1) to become (CH 4): 
 
1. Having a diet high in saturated fats è 
2. Blood LDL level to become high è 
3. Coronary heart disease and other atherosclerotic events 
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The acceptance of these causal hypotheses by the medical community is shown by the 
treatments prescribed for those at risk of atherosclerosis or with some form of the 
condition.  An attempt is made to reduce the level of LDL in the blood either by 
urging the patients to change their diet or by prescribing statins.  Moreover, the 
dietary changes typically suggested involve the reduction of meat and dairy products 
and the increase of fish, fruit and vegetables.  All this is completely in accordance 
with Keys’ findings.  Yet surprisingly there has been, and still is, a great deal of very 
vocal opposition to the work of Ancel Keys et al.  Nowadays these opponents seem to 
be journalists rather than medical researchers.  The two most prominent are Gary 
Taubes, and his follower Nina Teicholz, who published in 2014 a book of 479 pages 
(The Big Fat Surprise) most of which are taken up with criticizing the work of Ancel 
Keys et al, and proposing alternative hypotheses.  It is curious that this opposition 
comes from journalists rather than medical researchers, but Nina Teicholz rather 
ingeniously uses some of Kuhn’s philosophy to explain this.  She argues that the ideas 
of Keys et al on cholesterol constitute the dominant paradigm in this branch of 
medicine, and so are accepted by nearly all medical researchers who are normal 
scientists.  What is needed however is (2014, 316) a “paradigm shift on cholesterol”.  
Moreover (Teicholz, 315) says: 
 
“ … given the stranglehold that Keys’s ideas have held on nutrition researchers for so 
many decades, it is perhaps inevitable that an alternative hypothesis had to come from 
an outsider.”  
 
So is there going to be a Kuhnian scientific revolution in nutrition started by two 
journalists?  I will briefly consider this question by examining the arguments 
presented by Nina Teicholz in her 2014 book.  It should be added that arguments of 
this type are often to be found in newspaper and magazine articles and on the internet. 
 Let me begin by considering a phrase often used by Nina Teicholz and other 
journalists and bloggers, namely ‘low-fat diet’.  Thus, for example, Teicholz says 
(2014, 172): 
 
“A review in 2008 of all studies of the low-fat diet by the United Nation’s Food and 
Agriculture Organization concluded that there is “no probable or convincing 
evidence” that a high level of fat in the diet causes heart disease …” 
 
An unwary reader might suppose that this contradicts Ancel Keys’ ideas, but such is 
not the case.  Ancel Keys not only never claimed that a high level of fat in the diet 
caused heart disease, but he pointed out that the cohort in his seven countries’ study 
which had the lowest level of heart disease had the highest percentage of dietary 
calories in the form of fat.  This was the cohort from Crete, 40% of whose dietary 
calories came from fat (Ancel Keys, 1970, 168).  The cohort which had the highest 
level of coronary heart disease was that from East Finland, 39% of whose dietary 
calories came from fat.  What is crucial is not the intake of fat in general, but the 
intake of saturated fat.  The Cretans’ fat intake came mainly from olive oil, which is 
monounsaturated fat and does not raise LDL level in the blood.  The Cretans’ intake 
of saturated fat was only 8%.  By contrast, the fat intake of the East Finland cohort 
came mainly from butter, cheese, and meat, and their intake of saturated fat was 22% 
- the highest of any of the cohorts.  The East Finland cohort also had the highest blood 
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cholesterol level, and the highest rate of CHD.  The important point is that Ancel 
Keys did not advocate a low-fat diet, but a diet low in saturated fat. 
 There are also some confusions concerning the Atkins diet which Teicholz 
discusses from 287 on.  This diet consists mainly of animal foods such as meat, 
cheese and eggs, while the intake of bread and other carbohydrates is severely 
restricted.  It turns out that this diet is very effective in achieving weight loss, the 
reason being that after a few pork chops, the desire for more pork chops declines.  So 
eating too much on a meat-centred diet is nearly impossible (Teicholz, 2014, 293).  
The effectiveness of the Atkins diet in producing weight loss might seem to contradict 
Keys’ ideas, but really it does not.  Keys stresses that it is possible to be slim and fit 
on a diet which is high in saturated fat, and gives the East Finland cohort as an 
example of this.  The problem is that someone can be slim and fit and yet developing 
atherosclerotic plaques in their arteries.  Thus the criticism of the Atkins diet, which 
would be made by those supporting the ideas of Ancel Keys et al., is that, although it 
may be effective in reducing weight, it is likely at the same time to increase LDL 
level in the blood, and so increase the risk of CHD and other atherosclerotic events.  
Teicholz  (2014, 213-214) discusses an Israeli study conducted in 2008.  This 
compared the effects of three different diets, one of which was assigned to each 
member of a group of 322 moderately obese middle-aged people, mostly men.  One 
of these diets was the Atkins diet, while another was the Mediterranean diet.  Those 
on the Mediterranean diet lost 10 pounds, while those on the Atkins diet lost 12 
pounds.  Teicholz comments (2014, 214): 
 
“Only LDL-cholesterol looked better for Mediterranean dieters, yet this biomarker 
has proven to be less reliable than previously thought.” 
 

In other words, the result is just what Keys et al. would have predicted.  The 
Atkins dieters lost more weight, but their LDL cholesterol level was higher than that 
of the Mediterranean dieters.  Curiously, however, Teicholz adds that LDL-level “has 
proven less reliable than previously thought.”  In fact recent evidence has been in 
support of LDL-level as a cause of CHD and other atherosclerotic events.  After the 
invention of the statins, drugs which reduce the level of LDL in the blood, it has been 
possible to conduct randomized control trials. An example is the double-blinded 
randomized controlled trial begun in 1994.  This was the Scandinavian Simvastatin 
Survival Study.  It was carried out on a group of 4444 patients aged between 35 and 
70 years, all of whom had high levels of blood cholesterol.  They were divided 
randomly into a treatment and control group, and those in the treatment group 
received a dose of simvastatin.  They were then followed for about 5 years.  The 
blood cholesterol level of the treatment group fell by an average of 25%, and the 
coronary heart disease deaths in the treatment group were 42% lower than in the 
control group.  These results were statistically significant.   

The evidence of this RCT looks so strong that it seems difficult to detect any 
weakness in it.  Yet there is a weakness.  The problem is that statins do not just lower 
blood cholesterol, but have other biological effects, and some of these may have been 
responsible for preventing CHD.  As Steinberg puts it speaking of the statins (2007, 
184): 
 
“ … do their pleiotropic effects (i.e. effects independent of cholesterol lowering) also 
play a significant role? … These include anti-inflammatory effects, stabilization of 
endothelium, and decreasing oxidative stress.” 
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 This weakness in the RCT evidence can be overcome by combining this 
evidence with the observational evidence from the seven countries study.  The fact 
that the seven countries study showed a strong correlation between CHD deaths and 
cholesterol blood levels in agreement with the Scandinavian Simvastatin Survival 
Study shows that the pleiotropic effects of statin treatment cannot have been the 
dominant factor.  Conversely the randomisation used in the Scandinavian Simvastatin 
Survival Study makes it unlikely that the seven countries study was disturbed by 
unknown confounders.   
 As regards the low-fat and Atkins diets, Teicholz may appear to contradict 
Ancel Keys’ ideas, but does not really do so.  In other passages of her book, however, 
she does indeed put forward claims which contradict those of Keys.  Thus she says 
(335): 
 
“Eat butter; drink milk whole, and feed it to the whole family.  Stock up on creamy 
cheeses, offal, and sausage, and yes, bacon.  None of these foods have been 
demonstrated to cause obesity, diabetes, or heart disease.” 
 
Even this passage does not engage very directly with Ancel Keys.  Keys writes little 
about obesity (which was not a problem in his day), or diabetes, and does not put 
forward any hypotheses about the causes of obesity or diabetes.  Moreover, he is 
careful to point out that there are several different types of heart disease, of which 
coronary heart disease is only one, albeit the largest category.  Still, the passage from 
Teicholz can be taken as contradicting Keys’ claim that a diet high in saturated fat 
causes coronary heart disease.  Why therefore does Teicholz reject the evidence 
which Keys puts forward for his claim? 
 Teicholz begins by casting doubt on the accuracy of the data which Keys and 
his colleagues collected in the seven countries study.  They took samples of the diet of 
each of the cohorts at different seasons and averaged the results.  However, in the case 
of Crete (Teicholz, 2014, 40) one of the three samples was in Lent, when meat and 
other animal products were forbidden foods.  This sample would therefore have 
underestimated the amount of saturated fat consumed by the Cretans.  Keys mentions 
this point, but thinks it is not a very serious one since, so he claims, Lent was not very 
strictly observed in Crete.  Of course obtaining accurate figures on diet is difficult, 
and problems like that of Lent may introduce some errors.  However, given the 
careful procedures followed by Keys and his fellow researchers, these errors are 
unlikely to have distorted the general picture to any great degree. 
 Teicholz now goes on to say (2014, 42): 
 
“ … there was also a huge structural limitation to the Seven Countries study;  it was 
an epidemiological investigation and therefore could show only an association, not 
causation.” 
 
It would be more accurate to speak here of an “observational epidemiological 
investigation”, but with this proviso, what Teicholz says here is quite correct.  The 
correlations found by Keys may not be causal in character because of confounders.  
This indeed is the subject of the present paper. 
 Teichholz now goes on to suggest (2014, 42) that there may be an alternative 
explanation, namely sugar.  Despite her earlier scepticism about the accuracy of the 



 26 

data produced by the seven countries study, she uses some of this data to argue for 
this alternative explanation.  In fact she says (2014, 42): 
 
“In 1999, when the Seven Countries study’s lead Italian researcher, Alessandro 
Menotti, went back twenty-five years later and looked at data from the study’s 12,770 
subjects, he noticed an interesting fact: the category of foods that best correlated with 
coronary mortality was sweets.  By “sweets,” he meant sugar products and pastries, 
which had a correlation coefficient with coronary mortality of 0.821 …” 
 
Here we do have a striking correlation.  So the next step of course is to consider 
whether this is causal in character, or whether it is confounded by some other 
variable.  Unfortunately, however, Teicholz  does not take this step, and nowhere in 
her book does she consider whether there might be confounders of this correlation of 
0.821.  I will now undertake this task which she has omitted. 
 Might this correlation be at least partially confounded by saturated fat?  
“Sweets” include pastries, and these usually contain a lot of saturated fat.  So at least 
part of the correlation between sweets and coronary mortality might be explained by 
the intake of saturated fat consequent on eating many types of sweet.  It would be 
better therefore to consider the correlation between sugar intake and coronary 
mortality.  Fortunately, Menotti et al provide also the correlation between sugar and 
coronary heart disease, which was (1999, 509): 0.600.  Although lower than 0.821, 
this is still positive and quite high which could indicate a causal connection, but once 
again it could be confounded by saturated fat intake because sugar consumption was 
higher in countries like the USA and Northern Europe where consumption of 
saturated fat was also higher.  Menotti et al. argue that confounding of this type may 
have taken place in another case.  There is one curious feature of their results (1999, 
509).  Bread (-0.001) and Cereals (-0.305) are both negatively correlated with 
coronary mortality, but Potatoes (0.464) are positively correlated.  This difference is 
surprising since potatoes seem quite similar from a dietary point of view to bread and 
cereals.  Menotti et al. say this about the matter (1999, 511): 
 
“An exception is the consumption of potatoes which is highly positively correlated 
(univariately) to CHD, likely because their highest consumption is in Finland and The 
Netherlands where potatoes are accompanied by the highest intake of animal and 
mainly dairy products.” 
 
It is thus possible that the positive correlation between sugar intake and coronary 
mortality is confounded by saturated fat intake.  The objection might, however, be 
raised that the situation could be the other way round, that is to say that the 
correlations between saturated fat intake and coronary heart disease are confounded 
by sugar.  This situation shows the advantage of applying not just the first, but all 
three of the strategies for dealing with confounding which were described above.  The 
use of randomization provides evidence against the existence of confounders not 
explicitly considered, and hence against sugar as a possible confounder.  The 
mechanism linking high LDL levels in the blood to the formation of atherosclerotic 
plaques does not apply in the case of sugar, since sugar intake does not raise the level 
of LDL in the blood.  So the second and third strategies provide good evidence that 
sugar is not a confounder of the correlation between saturated fat and coronary heart 
disease. 



 27 

Teicholz does not consider sugar the sole cause of CHD.  Her hypothesis is 
that it is sugar in conjunction with refined carbohydrates.  As she says (2014, 335): 
 
“Recent scientific research and the historical record all lead to the conclusion that the 
consumption of refined carbohydrates leads to a higher risk of obesity, heart disease, 
and diabetes.” 
 
Unfortunately, as we have seen, the data in Menotti et al. (1999) show that 
consumption of bread and cereals is negatively correlated with coronary heart disease.  
This hardly lends much support to Teicholz’ hypothesis.  Teicholz might reply that 
much of the carbohydrates consumed by participants in the seven countries study was 
unrefined.  This could be true of the Cretans, but certainly not of the Japanese who 
refined their rice in the period under consideration, and consumed a great deal of it, 
while having one of the lowest rates of coronary heart disease in the world.  Teicholz 
is rather selective in the data she considers.  While citing a correlation from Menotti 
et al. (1999) to support her case, she does not mention that the highest correlation on 
their list (509) is between butter and coronary mortality at 0.887.  Despite this, she 
urges her readers to “eat butter”. 
 Teicholz says (2014, 335): 
 
“Only carbohydrates have been shown, in clinical experiments, to be the likely 
principal cause of obesity, heart disease and diabetes.” 
 
This is contradicted by the clinical experiment of Dayton et al. (1968 & 1969) which 
was described in section 5 above.  Here the two diets were identical as far as the 
intake of sugar and refined carbohydrates were concerned.  Yet those who ate the diet 
with more saturated fat had higher rates of atherosclerosis and coronary heart diease. 
 We can now sum up as follows.  Nina Teicholz, following Gary Taubes, does 
formulate a causal hypothesis which differs from that of Keys et al.  It is that sugar 
and refined carbohydrates, and not saturated fat, are the principal cause of coronary 
heart disease.  However, the evidence she presents for this alternative hypothesis is 
not very convincing.  It consists of some positive correlations, but she never considers 
whether these arise from confounding.  In fact they can all be explained quite 
plausibly as arising from confounders.  Moreover, her selection of correlations to 
consider is very selective.  She gives those, which support her case, but does not 
mention others, sometimes in the same paper, which go against her case.  She claims 
that her hypothesis is the only one confirmed by clinical experiments, whereas at least 
one well-known clinical experiment gives strong evidence against it. 
 Perhaps for these reasons, Nina Teicholz’ book has not found many supporters 
among medical researchers, and is there is no sign of a scientific revolution beginning 
in the field of nutrition.  Instead we have a curious phenomenon, namely the 
development among journalists of a kind of alternative science based on a paradigm 
for nutrition different from that accepted by mainstream medical science.  An 
example of this is Alice Hancock’s 2019 article in the Financial Times Magazine 
entitled: ‘Praise the lard’.  Apparently lard is becoming a fashionable food among 
celebrity chefs, and Hancock defends lard consumption against its critics.  She says 
(2019, 42): 
 



 28 

“And until the 1970s, lard was a regular part of the British diet.  The average 
consumption was 55g per week in 1974 … .  Today it is less than 5g.  The trend is 
similar in the US.” 
 
This would naturally seem a good thing for a follower of mainstream medical opinion 
on diet, but not for Hancock, who continues (2019, 42-43): 
 
“Why did it all but vanish from our cupboards? 
 Lard and lardo are victims of a fear of fat that started spreading in the 1950s.  
According to Nina Teicholz, who spent nine years investigating American dietary 
science for her book The Big Fat Surprise, it can be credited to one man: Ancel 
Benjamin Keys.” 
 
Hancock then summarises Teicholz’s critique of Keys, concluding (p. 43): 
 
“But the science is now being revised.” 
 
 The science is certainly being revised but by journalists rather than scientists.  
A journalist (Hancock) supports her defence of lard by citing another journalist 
(Teicholz), just as a typical research scientist might cite the work of another research 
scientist.  So the media are producing not just alternative facts, but also alternative 
science. 
 
 
8  Conclusion 
 
Having proposed a classification of the strategies for dealing with confounding, I will 
now try to show how such a classification might be useful in assessing the value of 
epidemiological studies.  The initial questions about an epistemological study are 
whether the study has uncovered any interesting correlations and whether and to what 
extent these correlations are confirmed empirically.  However, if, as is usually the 
case, one wants to raise the question of causality, one needs further to consider how 
well the study deals with the problem of confounding.  Assessing whether there is a 
satisfactory treatment of confounding is a different from assessing whether 
correlations have been established, since even a very strong and well confirmed 
correlation can be shown to be confounded and so not causal in character.  Our 
suggested classification helps to deal with the problem of whether the treatment of 
confounding is satisfactory, since we can consider which of the three strategies has 
been used, and with what success.  Let me illustrate this by considering another 
famous epidemiological study, namely the study by Bradford Hill and his co-workers 
of smoking and lung cancer.  This was a prospective cohort study, which began on 1 
November 1951.  Bradford Hill and Richard Doll enrolled 34,400 British male 
doctors, whose smoking habits were recorded.  They were followed to see when they 
died and of what diseases.  Hill’s role in the project was later taken over by Richard 
Peto, and in Doll and Peto (1976) the results of the study after 20 years are recorded.  
It can be seen that this study has much in common with Ancel Keys’ seven countries’ 
study.  Perhaps Ancel Keys’ study is superior in that there is greater variation between 
the individuals followed, while those in the Hill, Doll and Peto study are fairly 
uniform being all British doctors.  The study by Hill, Doll and Peto showed a striking 
correlation between smoking and lung cancer.  Smokers were on average more than 
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10 times more likely to die of lung cancer than non-smokers, and this figure rises to 
more than 22 times for heavy smokers who consume 25 gms or more of tobacco per 
day.  But how is possible confounding dealt with? 
 Doll and Peto do discuss a number of possible confounders in their paper.  As 
was observed in the Introduction, Fisher suggested that genetic factors might 
confound the correlation between smoking and lung cancer.  Doll and Peto comment 
on this as follows (1976, 1533): 
 
“We note that the results of the Swedish twin study do not support Fisher’s genetic 
explanation for the association between smoking and lung cancer.” 
 
They also consider the consumption of alcoholic drinks as a possible confounder, but 
state that this is not closely related to lung cancer.  However they do say (1976, 
1533): “exposure to asbestos … might be related to the incidence of lung cancer …”  
So exposure to asbestos might be at least a partial confounder in some cases. We see 
from this that Doll and Peto do apply the first of our strategies (testing possible 
confounders) in a way similar to that of Ancel Keys. 
 Bradford Hill discusses mechanisms which might link smoking to lung cancer, 
speaking (Hill, 1965, 298) of “the histopathological evidence from the bronchial 
epithelium of smokers and the isolation from cigarette smoke of factors carcinogenic 
for the skin of laboratory animals.”  So the third strategy (consideration of 
mechanisms) is employed.  However, and here is the interesting point, Hill, Doll and 
Peto do not employ the second strategy (randomization). 
 When investigating whether a diet high in saturated fat caused atherosclerosis 
and coronary heart disease, it was possible to set up a randomized controlled trial, but 
a little reflection shows that such a trial is not possible in the case of smoking and 
lung cancer.  What would such a RCT be like?  One would have to take a set of 
volunteers and divide them by random selection into a control group and a treatment 
group.  The treatment group would have to be forced to become smokers, while the 
control group would have to be forced to become non-smokers.  One would then 
observe the incidence of lung cancer in the two groups after a suitably long period of 
time.  As Pearl remarks (2000, 353), controlled experiments of this sort “are 
impossible (and now also illegal) to conduct.” 
 The conclusion from our classification is therefore that confounding is better 
dealt with in the studies of diet and atherosclerosis and CHD presented in this paper 
than in the study of smoking and lung cancer by Hill, Doll, and Peto.  This is a rather 
surprising result which is not, of course, due to any deficiencies on the part of Hill, 
Doll, and Peto, but rather to the nature of the two investigations.  Interestingly, 
Broadbent in his 2019 book supports a different conclusion, since he writes (2019, 
57): 
 
“Nutritional epidemiology is notorious among epidemiologists for being ‘garbage’ (as 
I have heard it called), because residual confounding plagues almost every study.” 
 
 Earlier in the paper, I said that I was not going to deal with specific techniques 
for dealing with confounding, but with general strategies.  However, the classification 
of general strategies proposed could be tested out by seeing how it applies to some of 
the very technical (largely statistical) methods which have been proposed for handling 
confounding.  A consideration of these methods might lead to modifications of our 
proposed classification, or, perhaps might, conversely, raise doubts about some of 
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these methods.  However, this is a plan for future research which lies beyond the 
scope of the present paper.    
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