
 1 

The response of lipoproteins to dietary fat and cholesterol is higher in lean than 
in obese persons – a review 

Current Atherosclerosis Reports 2005, 7:460–465 

 

 

Martijn B. Katan Ph.D. 
 
Wageningen Centre for Food Sciences  
and 
Division of Human Nutrition  
Wageningen University 
Bomenweg 2 
6703 HD Wageningen 
The Netherlands 
Fax  : +31 317 485369 
E-mail : wcfs1@wur.nl 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Correspondence as of September 2008: 
Prof dr Martijn B. Katan 
VU University 
Institute of Health Sciences 
De Boelelaan 1085 
1081 HV Amsterdam 
The Netherlands 
Tel : +31 20 598 2610 
E-mail : katan99@falw.vu.nl 



 2 

Abbreviations 

BMI Body Mass Index 

HDL High Density Lipoproteins 

LDL Low Density Lipoproteins 

 

Abstract  

Individuals differ in the response of their blood lipoproteins to cholesterol-lowering 
diets. One characteristic clearly associated with susceptibility to diet  is leanness: 
many studies show that total, LDL and HDL cholesterol concentrations respond more 
strongly to dietary fat and cholesterol in lean than in obese subjects. This is unlikely 
to be due differences in dietary compliance. A metabolic explanation is that obese 
people have a higher rate of total body cholesterol synthesis. The LDL receptors in 
their liver cells are partly suppressed by this large stream of endogenous cholesterol 
coming in from their enterohepatic circulation, and the amount added by dietary 
cholesterol relative to the endogenous pool would be less than in lean people.  

Whatever the mechanism, diets low in saturated fat and cholesterol are less effective 
in the obese; the most effective way for them to normalize their blood lipids is to lose 
weight, which is, unfortunately, hard to achieve in our society.   



 3 

Introduction 

 

Dietary recommendations are more effective when they are tailored to an individual’s 
needs. Indeed, the idea that “One size doesn't fit all” forms the basis of the new US 
food pyramid [1]. MyPyramid [1] focuses on individual caloric needs because obesity 
is now the major nutritional problem in the US. However, attempts at personalization of 
dietary recommendations to lower cholesterol were already made over 50 years ago. 
In 1952 Groen wrote: “some individual or ‘constitutional’ peculiarity determines or 
modifies the reaction of each subject’s serum cholesterol to the diet” [2]. In dietary 
trials of long duration, Ahrens et al [3] and Connor and Connor [4] also observed 
differences between subjects in the response of serum cholesterol to diet. 
Identification of the “constitutional peculiarities” that determine these differences 
would make dietary prevention and treatment of dyslipidemia more effective – people 
would be persuaded more easily to follow a diet if they felt that it was tailored to their 
personal needs rather than based on a statistical average of a large number of 
strangers.  

Developments in genomics have made such personalized diets seem nearer [5], but 
in practice results have been disappointing: the replicability of genetic associations is 
poor [6], and as a result journals are putting restrictions on publication of such studies 
[7]. The diet-and-lipid field is no exception: associations between individual 
genotypes or single nucleotide polymorphisms and response of blood lipoproteins to 
diet have usually not been reproducible [8]. Thus the genomic revolution has not yet 
brought us any nearer to individually tailored cholesterol-lowering diets [9].  

However, there is still hope for personal diets. There is one trait that has been 
consistently associated with the response of serum cholesterol to diet, and that is 
body fatness, or rather leanness. Here I review this association and its implications 
for clinical practice. 
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Effect of dietary fat and cholesterol on lipoproteins  

The major dietary determinant of blood lipoproteins is fat intake. Not all fats raise 
cholesterol; only saturated and trans fatty acids do that, while omega-6 
polyunsaturated fatty acids from vegetable oils actually decrease cholesterol 
concentrations[10]. Diets high in such polyunsaturated fatty acids also lower the ratio 
of total to HDL cholesterol [10], and they lowered coronary heart disease in controlled 
clinical trials [11]. 

The concept of hypo- and hyperresponsiveness of blood lipids to diet is mostly 
connected with studies of dietary cholesterol, even though the effect of dietary 
cholesterol on blood lipoproteins is less than that of dietary fatty acids. It has been 
questioned whether reduction of cholesterol intake reduces the risk of coronary heart 
disease at all. Dietary cholesterol, usually given in the form of egg yolk,  does cause 
massive hypercholesterolemia and atherosclerosis in rabbits and other animals [12], 
and an analysis of 4 prospective epidemiological studies [13] suggested that in man 
there was also an increase in the risk of coronary heart disease associated with a higher 
dietary cholesterol intake; the increase was even larger than that predicted by the effect 
on serum cholesterol alone. On the other hand, there are no controlled clinical trials of 
the effect of egg yolk cholesterol on coronary heart disease, and the effect on serum 
cholesterol is much less in humans than in animals such as rabbits. Still, dietary 
cholesterol does raise serum cholesterol in humans in properly designed trials. Both 
LDL and HDL cholesterol are increased but in general LDL is more affected, and as a 
result the ratio of total or LDL cholesterol to HDL cholesterol goes up when intake of 
cholesterol is increased [14].  

From early on, investigators were struck by the wide range of responses of different 
individuals to the same amount of dietary cholesterol [15;16], and there have been 
many attempts to find characteristics that predict the response of an individuals serum 
cholesterol to dietary cholesterol. Before we contemplate these characteristics we will first 
consider to what extent the observed range of responses represents a biological reality. 

  

Individual responsiveness is partly a statistical artifact 

When the same stimulus elicits a wide range of responses in different people it is 
tempting to ascribe this variation to innate differences between the subjects. But if 
subjects truly differ in responsiveness then these differences should be reproducible. 
The limited data on subjects studied repeatedly on the same diets suggest that 
differences in response are poorly reproducible. The idea that some humans are 
insensitive to dietary cholesterol received a boost from a study of 
Bronsgeest-Schoute et al [17], who observed a very variable response when eggs 
were removed from the habitual egg-rich diet in volunteers. However, when we 
repeated this trial 6 years later in the same volunteers with the same challenge and 
design [18], the correlation between an individual’s response in the first and in the 
second study was only r = 0.32: many of the putative hyperresponders had become 
hyporesponders, and vice versa. The same was true for other cohorts of volunteers 
whom we tested repeatedly over the years [19-22]. Keys and coworkers [23], who 
studied one group of men on a variety of diets, also concluded that true 
non-responsiveness is rare if it exists at all, even though one subject may react 
aberrantly in one particular trial.  
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The explanation for this lack of consistency from one trial to another is simple: like all 
biological attributes, cholesterol levels in an individual fluctuate, and changes in 
cholesterol level from one diet to another fluctuate even more. This seemingly trivial 
fact implies that different patients will show different responses to treatment not 
because of inherent metabolic differences but because of random fluctuations. If the 
“hyperresponders” are retested many of them will turn out to be ‘hyporesponders’ the 
second time, and vice versa. Figure 1 illustrates this for cholesterol-lowering diets, 
but the same holds for any measurement that is subject to biological variability.  

 

============Figure 1 about here ================== 

 

Teasing out consistent responses from random variation has proved to be hard 
almost to the point of being impossible. What makes studies of individual responses 
so difficult is that a change in a level is much more sensitive to random noise than the 
level itself. For instance, serum cholesterol varies within a subject with a coefficient of 
variation of about 7% [24;25] but the response of serum cholesterol to diet when 
measured repeatedly within the same subject shows a coefficient of variation of 
about 74% [21]. There are two reasons for this. First, the response is a difference 
between two measurements each of which is subject to random noise, and the noise 
thus adds up. More importantly, any change of level in response to treatment is much 
smaller than the level itself. For example, a within-subject standard deviation of 
serum cholesterol of 0.42 mmol/L represents a coefficient of variation of 7% around 
the mean level of 6 mmol/L. However, a typical response to a fat-modified diet is a 
fall of 0.6 mmol/L, and here a standard deviation of 0.42 mmol/L represents a 
coefficient of variation of 70%. Therefore a given subject may easily show a response 
of 1.2 mmol/L in one experiment and of 0 in the next experiment, and associations of 
responses with e.g. genetic polymorphisms become largely a matter of chance.  

 

Body fatness and the response of serum cholesterol to diet 

The statistical considerations given above explain why spurious correlations of 
single-nucleotide polymorphisms (SNP’s) with the response of blood lipids to diet are 
so frequent. However, there are some characteristics that do associate reliably with 
response, and the characteristic associated most consistently with the response of 
blood lipoproteins to diet is body fatness. Bronsgeest-Schoute [17] already reported a 
significant negative correlation between changes in serum cholesterol levels and the 
Body Mass Index (BMI; weight divided by height squared) when dietary cholesterol 
intake was reduced. Thus thin people showed a larger fall when cholesterol was 
removed from their diets than fat people. This association has been seen in many 
trials since then. Table 1 gives an overview of dietary trials that reported on the 
relation between body mass index and response of lipoproteins to diet. The table is 
not exhaustive but the number of trials that reported a reduced sensitivity of obese 
people to changes in diet is remarkable. The studies of Cole [26] and Jansen [27] 
were expressly designed to test the hypothesis that fatness attenuates response, and 
both found that the response in larger subjects was indeed less than half of that in 
thinner people (table 1). The effect was not statistically significant in all studies, but 
that is explained by the problem of noise discussed above. None of the studies 
reported an effect in the opposite direction: if there was a difference then 
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susceptibility always went down with increasing body fatness. This was not just seen 
in subjects with pathologic obesity but also in comparisons of thin people with those 
of average weight, and it was observed in metabolic ward studies where all food was 
provided and food intake was carefully monitored both by supervision and by the use 
of biological markers of intake. This makes it less likely that the phenomenon is due 
to poor adherence on the part of overweight participants, and it suggests a metabolic 
explanation. 

The effect is not limited to dietary cholesterol: there is a congruence between the 
response to dietary cholesterol and to dietary fatty acids [28], and lean people are 
more responsive to both dietary cholesterol and to saturated fatty acids [26;27;29-
31]. The increased responsiveness is seen for both HDL and LDL cholesterol, and it 
is seen in men and women (in spite of isolated reports to the contrary) and in adults 
and children [31]. The effect extends beyond blood lipids to coronary heart disease 
mortality: Goff et al observed that in the Chicago Western Electric cohort, cholesterol 
intake at baseline was associated with 25-year mortality from coronary heart disease 
in lean but not in overweight men. Fatter men apparently did not benefit from a diet 
lower in cholesterol [32]. 

Neither this cohort study nor the dietary trials can tell us definitively whether BMI is 
the causal factor here. The subjects in the trials were not randomized to various 
degrees of body fatness, and therefore the association between BMI and response 
observed in the trials is an ‘epidemiological’ (i.e. observational) association only. 
Therefore BMI could act as a surrogate for some other characteristic that really 
determines susceptibility to diet. The fact that BMI remained a significant predictor of 
response after multivariate adjustment in several studies [29;31;33-35] reduces but 
does not eliminate the chance that it is a surrogate for some other characteristic. 
However, it is indisputable that there is something in the physiology or the behavior of 
overweight people that attenuates their response to cholesterol-lowering diets. 

 

Mechanisms 

In spite of 40 years of research, the mechanisms that mediate the effects of fatty acid 
saturation on lipoprotein levels have not been clarified [36-38], and that makes it 
difficult to speculate why obese subjects would be less responsive to dietary fat 
quality than lean subjects. In contrast, the pathway from dietary cholesterol to plasma 
LDL is clear [39]: dietary cholesterol adds to the cholesterol that goes from the gut to 
the liver where it suppresses expression of the LDL receptor in hepatocytes. As a 
result, clearance of LDL from plasma is decreased and plasma LDL rises until a new 
steady state has been established. This offers an explanation why obese people 
would be less responsive to dietary cholesterol: the obese have a higher rate of total 
body cholesterol synthesis and a larger pool of cholesterol circulating from the gall 
bladder to the gut and back to the liver [40]. This large amount of cholesterol that 
continuously arrives in the liver would suppress the LDL receptor and cause higher 
plasma LDL levels, which are indeed seen in the obese. Their response to dietary 
cholesterol would be lower because the amount taken in with the diet would be small 
compared with the large amount already present in the enterohepatic cholesterol 
pool, and it would therefore not contribute to further suppression of the LDL receptor. 
[Grundy SM, personal communication 1985]  
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Conclusions 

Obese people are at increased risk of cardiovascular disease. However, diets low in 
saturated fat and cholesterol are less effective in the obese than in lean people, 
possibly because the LDL receptors in their liver cells are suppressed by the large 
stream of endogenous cholesterol in their enterohepatic circulation. The most 
effective way for the obese to normalize their blood lipids is to lose weight [41;42]. 
Unfortunately we have created a society which makes such weight loss very hard to 
attain.   
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Table 1. Relation of body mass index (BMI) at baseline with the response of serum cholesterol to dietary cholesterol and fat in 
dietary experiments 

 

Reference Year Dietary 
intervention 

Relation of BMI with 
absolute change in 
serum cholesterol 

Direction 
of effect 

Remarks 

Bronsgeest-Schoute 
[17]  ̀

1979 Removal of 
eggs 

r= -0.32 between BMI 
and response of serum 
cholesterol  

↓ r = 0.06 when 33 subjects were 
retested [18] 

Oh [43] 1985 Addition of 
eggs 

Hyperresponders had 
mean BMI of 24.7 
kg/m2, and 
hyporesponders had 
mean BMI of 26.1 
kg/m2,  

↓ P > 0.05 

Katan  [34] 1987 Addition of egg 
cholesterol 

r = -0.50 between BMI 
and response of serum 
cholesterol  

↓  

Cole [26] 1992 Low-fat diet Response of serum 
cholesterol was -0.51 
mmol/L in women with 
BMI < 24, and -0.20 
mmol/L in women with 
BMI >30 

↓ Study explicitly designed to test 
effect of BMI on response  

Goff [35] 1993 Observational 
cohort study, 
not an 
experiment 

Change in serum 
cholesterol in first year 
was associated with 
change in cholesterol 
intake for men with BMI 

↓ 25-year coronary mortality in this 
cohort correlated with cholesterol 
intake in lean men but not in fat 
men [32] 
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< 24.2 but not for men 
with BMI > 26.6 

Clifton [33] 1995 Addition of milk 
fat plus egg 
yolk 

Response of HDL was 
inversely correlated with 
BMI or waist-hip ratio 

(↓) No relation with LDL cholesterol  

Cox [29] 1995 Saturated vs. 
polyunsaturated 
fat 

Hyperresponders had 
mean BMI of 25 kg/m2, 
and hyporesponders 
had mean BMI of 26 
kg/m2 

(↓) P = 0.82 

Hannah [30] 1997 15 vs. 10% 
saturated fat 

r = -0.33 between BMI 
and response of serum 
cholesterol in women, 
and r = -0.07 in men  

↓ P = 0.03 in women and  P > 0.05 
in men 

Jansen[27] 1998 Saturated fat 
vs. NCEP-1 diet 

Response of serum 
cholesterol was -16% in 
men with BMI <25, and 
-7% in men with BMI 
25-30 

↓ Study explicitly designed to test 
effect of BMI on response  

Denke [31] 2000 Margarine vs 
butter 

Response of LDL 
cholesterol was -0.34 
mmol/L in subjects with 
BMI < 21, and -0.23 
mmol/L in subjects with 
BMI ≥ 30 

↓ P = 0.008 in children, P = 0.01 in 
adults 

Knopp [44] 2004 Addition of 
eggs 

Response of serum 
cholesterol was higher 
in men with BMI <27.5  
than in men with BMI 

↓ <aanvullen vanuit unpublished 
metabolic syndrome> 
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>27.5 

 

 

1 mmol/L = 38.7 mg/dL
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Legend to figure 

Figure 1. How random fluctuations give rise to apparent hyper- and 
hyporesponsiveness.  
The dotted line represents a continuous registration of serum cholesterol 
values in a patient when switched from a high- to a low-cholesterol diet. The 
curve is fictitious, but it is based on the known coefficient of variation of 
cholesterol within subjects, and on the lifetime of LDL particles which is about 
3 days. If blood samples had been taken at points AA’, the response to the 
diet would have seemed to be 0.1 mmol/L. If on another occasion – or in a 
twin of this subject – blood had been collected at points BB’ the apparent 
response to the same diet would have been 1 mmol/L. 


