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Summary
Current health issues, including obesity, cancer, diabetes, and cardiovascular disease, have 
instigated a great deal of research aimed at discovering dietary constituents that may be 
related to these diseases. Saturated fat is one macronutrient considered by many people to 
be detrimental to health if consumed in large amounts. Meat, dairy products, and eggs are 
the primary dietary sources of saturated fats in the American diet. Most animal fats contain 
high levels of monounsaturated fats and small amounts of polyunsaturated fats in addition 
to saturated fat. 
 Fat molecules have a glycerol backbone that is usually attached to three fatty acids. Fatty 
acids vary in the number of carbon atoms and in the number of double bonds they contain; 
these structural features determine the solubility, absorption, and metabolism of the fatty 
acids. The position of different fatty acids in the fat molecule can also affect its digestion and 
absorption.
 Saturated fatty acids are important as sources of energy and as components that make up 
cell membranes. They are not considered “essential” in the diet because the human body can 
synthesize its own saturated fatty acids.
 This review concentrates on the scientifi c literature published during the past six years. 
Relevant scientifi c journal articles on saturated fat and beef fat as related to human health 
were identifi ed using Current Contents and Medline databases. There is a large volume of 
research on health effects of dietary fats, including some comprehensive review articles that 
are used to summarize earlier literature.

Research Studies on Saturated Fat and Health
The signifi cance and usefulness of the information from research on diet and health depends 
on experimental design and data analysis. Prospective, case–control, and clinical trial studies 
each have their strengths and weaknesses. A varied program of research with different study 
designs is probably needed to discern effects of diet on human health. Some issues that should 
be considered in evaluating research include:

 - The extent to which other confounding factors, including total energy intake and other 
dietary components as well as lifestyle factors such as smoking and exercise, are con-
sidered in data analysis

 - The reliability of methods for assessing dietary intake of fats

 - Variations in individual susceptibility to different diseases according to the age, gender, 
genetics, and fi tness/obesity of the subjects

Cancer
Numerous epidemiological studies have reported positive associations between total dietary fat 
or saturated fat and various types of cancer. However, some earlier studies may be less reliable 
because their analyses did not control for other factors that may affect cancer incidence.
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Colorectal cancer. Nearly all of the recently published cohort studies failed to demonstrate 
a signifi cant positive correlation between dietary total or saturated fat and colorectal cancer, 
but evidence from some studies indicated that meat or some other dietary component may 
be related to risk for this cancer. Total and saturated fat were also not identifi ed as factors 
that increased risk for colorectal cancer in most recent case–control studies. Some evidence 
indicates that dietary fat or meat may be more important to development of cancer according 
to gender or to specifi c sites in the colon.

Pancreatic cancer. Smoking is an important risk factor for this cancer. In prospective 
studies, neither meat nor saturated fat was linked to incidence of this cancer in women but 
both have been linked to cancer in men. A collaborative case–control study of populations 
in four countries found no association with total or saturated fat in men or women.

Lung cancerLung cancer. Smoking is also an important risk factor for this cancer. Prospective studies 
generally have not reported links between dietary fat and lung cancer among smokers or non-
smokers. However, saturated fat was linked to this cancer in male smokers in one study and 
dietary ham and sausage were linked to cancer in nonsmoking females in another study.

Breast, ovarian, and endometrial cancersBreast, ovarian, and endometrial cancers. Large cohort studies generally have not pro-
vided evidence of a link between saturated fat intake and these cancers. One exception was a 
cohort study involving premenopausal women with breast cancer. Results from case–control 
studies have been inconsistent, but some indicated modestly elevated risks for these cancers 
associated with fat and/or meat intake.

Prostate cancer. One prospective and two case–control studies found no association of 
cancer with dietary fat. One study reported a weak inverse correlation between cancer and 
saturated fat intake while six other studies reported some degree of positive association with 
dietary saturated or total fat. These associations were stronger for more advanced cases of 
cancer in some studies.

Testicular cancer. One case–control study reported a nonsignifi cant increase in risk for 
seminoma and nonseminoma testicular cancers associated with higher total and saturated fat 
intake. Two other studies reported opposite results: an increased risk associated with saturated 
fat only for seminoma cancers in one study and only for nonseminoma cancers in the other 
study.

Cardiovascular Disease
Cardiovascular disease is a three-stage process involving injury to the inner endothelial cell 
layer of arteries, buildup of atherosclerotic plaque at the site of injury, and formation of a 
blood clot that occludes the narrowed arteries. Research indicates that dietary saturated fat 
may affect progression of plaque buildup and plaque formation. Nondietary factors that affect 
the atherosclerotic process include heredity, gender, and general level of aerobic fi tness.

Saturated fat and heart disease. Numerous epidemiological studies indicate that a higher 
saturated fat intake is associated with increased incidence of or death from heart disease. In 
some studies results differ for males and females, and a high intake of dietary fi ber weakens 
the association with saturated fat in some studies. Evidence from clinical studies is not as 
strong or consistent in suggesting that saturated fat causes cardiovascular disease, and some 
scientists question whether it really is a signifi cant causative factor. 
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Saturated fat and stroke and hypertensionSaturated fat and stroke and hypertension. Dietary saturated fat has been linked to hyper-
tension and to incidence of stroke in some studies. However, at least one large cohort study 
failed to fi nd an association between stroke and saturated fat or total fat. 

Saturated fat and serum cholesterol levels. Many studies have demonstrated that levels of 
serum LDL cholesterol are correlated with dietary total or saturated fat levels. However, it 
has also been demonstrated in numerous studies that some individuals do not respond to low 
saturated fat diets with decreased levels of LDL cholesterol. Populations with high rates of 
cardiovascular disease often have high LDL and low HDL levels, but this is not always the 
case.

Saturated fat and infl ammatory mediatorsSaturated fat and infl ammatory mediators. Saturated fat intake has been associated with 
serum levels of C-reactive protein and some interleukins that are markers of infl ammation. These 
relationships are not always signifi cant and appear to be stronger in overweight people.

Saturated fat and endothelial function. Some research indicates that dietary saturated fats 
have a detrimental effect on endothelial function, a condition that is associated with early stages 
of atherosclerosis.

Saturated fat and clot formation. Both total and saturated fat levels in the diet appear to 
affect the coagulant activity of factor VII and therefore clot formation.

Obesity
Certainly excess calories from fats will cause weight gain if there is no compensatory increase 
in exercise to utilize this energy intake. Some data indicate that dietary fat may also affect 
food intake and fat deposition, but the physiological effects of a high fat diet are complex and 
depend on an individual’s activity level and genetics. During the past two decades there has 
been a substantial decline in percentage of dietary energy from fat in U.S. diets but a massive 
increase in the prevalence of obesity. Although some studies report that obesity is associated 
with high-fat diets, some short-term trials indicate that persons lose weight on both low-fat 
high-carbohydrate diets and on low-carbohydrate high-fat diets. Excess calories (from fat or 
carbohydrate) contribute to weight gain but other lifestyle factors, in particular lack of exercise, 
are likely to be major factors responsible for the obesity epidemic. 

Diabetes
A high fat diet generally has a negative effect on glucose metabolism and induces diabetic 
changes in laboratory animals. Epidemiological studies in humans also implicate high-fat diets 
in the development of diabetes. However, the signifi cance of the association between dietary 
total or saturated fat and diabetes is often lost when data are adjusted for body mass index. 
Two large prospective studies in the U.S. found no signifi cant correlation between saturated fat 
intake and type 2 diabetes after adjustment for BMI. However some smaller prospective studies 
in the U.S., Japan, and Europe did fi nd such a correlation. Increased risks for insulin resistance 
and elevated serum insulin or glucose levels have been associated with diets containing more 
total or saturated fat in some, but not all, studies. 
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Introduction
Human health and its relation to diet have always been 
a topic of discussion and a subject for investigation. 
Current health concerns of obesity, cancer, diabetes, 
and cardiovascular disease have instigated numerous 
research projects on different types of foods and their 
constituents to determine whether there are some foods 
that should be increased, limited, or avoided in the diet 
to prevent such diseases. One such dietary component 
is “saturated fat,” which is generally considered to be 
detrimental to health if consumed in large amounts. 
Data from NHANES III (National Health and Nutrition 
Survey) indicated that 34% of the total food energy in-
take in the U.S. in 1988–1991 was from total dietary fat 
and 12% was from saturated fat (137). According to the 137). According to the 137
2003 report from the Institute of Medicine, 20–35% of 
calories consumed daily should come from fat in order 
to meet the body’s nutritional needs and minimize the 
risk of developing chronic diseases (284).
 Animal products (meat, dairy products, and eggs) 
are the primary dietary sources of saturated fats for 
Americans. However, even vegetable oils that are high 
in unsaturated fats contain some saturated fat, and some 
plant products (cocoa butter, palm oil, and coconut oil) 
have saturated fat levels as high or higher than those in 
animal fats (see Tables 1 and 2). It is worth noting that 
animal fats also contain high levels of monounsaturated 
fats and small amounts of polyunsaturated fats. 
 This review concentrates on the scientifi c literature 
published during the past six years. Relevant journal 
articles on saturated fat and beef fat as related to hu-
man health were identifi ed using Current Contents and 
Medline databases. There is a large volume of research 
on health effects of dietary fats, including some com-
prehensive review articles that are used to summarize 
earlier literature.
 To provide some background, this review begins 
with a description of the structure of dietary fats and 
then presents information on the different fats present in 
lean beef, beef fat, tallow (rendered beef fat), and some 
other lean meats. Data on health effects of saturated 
fats will be summarized by considering: epidemio-epidemio-
logical studieslogical studies in which the health of different groups 
of people, with different dietary habits, is compared; 
prospective or cohort studiesprospective or cohort studies in which a large group of 
apparently healthy people is examined at baseline and 
then followed for many years to identify incident cases 
of disease and baseline measurements can then be cor-

related with disease incidence; clinical studies in which 
groups of similar people are fed different diets and then 
some marker of health, such as serum cholesterol levels, 
is measured and compared between the dietary groups; 
and clinical studies with people or experimental studiesexperimental studies
with animals to determine the physiological effects of 
individual saturated fatty acids. 

Fat Structure and Function

Fatty Acids and Triacylglycerol (Triglyceride) 
Structure
Fats are an important part of the human diet, providing 
a concentrated source of energy and important com-
pounds for constructing cell membranes, hormones, 
prostaglandins, and other molecules. Saturated fats can 
be synthesized in the human body and therefore are 
not essential parts of the diet. Some unsaturated fats 
are considered “essential” because they are required 
for specifi c functions and the human body cannot 
synthesize them. These fatty acids must be ingested 
in food. Nevertheless, both saturated and unsaturated 
fats serve important functions and should be part of a 
healthy diet. Fats are the predominant group of lipids 
(i.e., compounds soluble in organic solvents) consumed 
in the diet. Other groups of dietary lipids, such as 
cholesterol and related compounds, are not covered 
in this review.
 Fats are composed of fatty acids attached by ester 
bonds to a glycerol molecule (Figure 1). A glycerol 
molecule with three fatty acids is called a triacylglyc-
erol or triglyceride. A fat molecule may contain three 
different fatty acids, three identical fatty acids or some 
other combination. The location of different fatty acids 
— at the exterior positions (#1 and 3) or at the middle 
position (#2) of the glycerol molecule — affects the 
digestibility and physiological fate of the fat molecule. 
In phospholipids, a phosphate group that is often at-
tached to another organic molecule replaces the fatty 
acid in the #3 position.
 Fatty acids differ in length (number of carbon 
atoms), the number of double bonds, and the spatial 
arrangement of hydrogen atoms attached to the carbon 
atoms that form a double bond (Figure 1). Fatty acids 
with no double bonds are called saturated; that is, they 
contain the maximum possible number of hydrogen 
atoms attached to the carbon atoms (e.g., palmitic acid). 
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Monounsaturated fatty acids (MUFA) have one double 
bond (e.g., oleic acid) while poly unsaturated fatty acids 
(PUFA) have two or more double bonds (e.g., linoleic 
acid). Most naturally  occurring MUFA and PUFA have 
both hydrogen  atoms adjacent to the double bond on 
the same side of the double bond in the cis confi gura-
tion. Some unsaturated fats have the hydrogen atoms 
on opposite sides of the double bond in the trans posi-
tion. trans fats are formed during hydrogenation of 

 vegetable oils, and evidence indicates that they have 
more adverse health effects than their corresponding 
cis isomers (41;115;160;239).
 Fatty acids have common names, such as palmitic 
and oleic, and are also designated by number of carbon 
atoms and number of double bonds. Palmitic acid is 
16:0 (16 carbons long, no double bonds) while oleic 
acid is 18:1n9 (18 carbons long, 1 double bond at the 
9th carbon from the methyl end of the chain). Most 

(a) Glycerol (b) Triacylglycerol (c) Phospholipid

(d) Palmitic Acid:

(e) Oleic Acid:

(f) Linoleic Acid (f) Linoleic Acid (f cis isomer)cis isomer)cis

(g) trans-6, cis-9 isomer of linoleic acid

Figure 1. Components of fats and their structures. (a) glycerol; (b) triacylglycerol with three fatty acids (R1, 
R2, R3) attached to glycerol; (c) phospholipid with a phosphate group and usually another molecule (R) at-
tached at the #3 position; (d) saturated fatty acid; (e) monounsaturated fatty acid; (f) polyunsaturated fatty f) polyunsaturated fatty f
acid; (g) trans fatty acid.
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of the fatty acids in meat contain an even number of 
carbon atoms, but small amounts of branched or odd-
numbered-carbon fatty acids are present in some meats 
(201).

Beef Fat
Fat in cattle includes deposits between muscles, un-
der the skin, and around internal organs (depot fat), 
and intramuscular fats, including marbling and cell 
membrane lipids. Depot fats consist primarily of triac-
ylglycerols while intramuscular fats contain relatively 
larger amounts of phospholipids, many of which are 
associated with proteins. The most common saturated 
fatty acids in beef are myristic (14:0), palmitic (16:0), 
and stearic (18:0). Major MUFAs include palmitoleic 
(16:1) and oleic (18:1), and major PUFAs are linoleic 
(18:2), linolenic (18:3), and arachidonic (20:4) (201).
 As may be observed in Tables 1 and 2, in most 
animal fats (except for tallow and butter), total MUFA 
content is approximately the same as, or exceeds, the 
saturated fat content. Saturated fatty acids in beef 
fat (uncooked), tallow, and roasted beef sirloin were 
46.8%, 52.1%, and 40.3%, respectively, of the total 
fatty acids determined in 100-gram samples. Cor-
responding MUFA levels were 49.15%, 43.7%, and 
56.1%. PUFAs comprise only about 3.6% of fatty acids 
in beef and slightly more in beef depot fat and tallow. 
Pork and chicken contain signifi cantly less saturated 
and monunsaturated fatty acids and more PUFA. 
 It should be noted that the data cited in Tables 1 and 
2 are only a small part of that available in the USDA 
National Nutrient Database (252). The concentrations 
of total fats and individual fatty acids vary with different 
grades and cuts of meats and methods of cooking. The 
data cited in the tables in this paper indicate relative 
amounts of different fats in lean portions of cooked 
beef as compared to other lean meats. Total fat and fatty 
acid content of beef also varies somewhat with breed 
of cattle, gender, and diet (113;119;131;196;273). 
Although cattle consume plant products that contain 
relatively high levels of unsaturated fats, bacteria in 
the rumen convert many of these unsaturated fats to 
saturated fats. Therefore, it has proven diffi cult to alter 
the relative amounts of saturated fats in cattle (and in 
other ruminants) by feeding different diets unless the 
dietary fats are  protected from ruminal metabolism or 
cattle are fed for a long time (300–400 d) on a specifi c 
diet (39;59;77;216;228;233).

 Data on the fatty acid composition of a fat do not 
specify in which position the fatty acids are attached 
to the glycerol molecule. These positions are important 
because the presence of a specifi c fatty acid in the #2 
position, rather than in the #1 or 3 positions, affects 
the absorption of the fatty acids following digestion 
of the triacylglycerol molecule. A recent analysis of 
beef fat purchased in the UK demonstrated that the 
most abundant fatty acid in the 2-position is oleic acid, 
followed by stearic and palmitic acids (171). Similar 
patterns have been reported by other authors (103) 
although a comparison of fatty acid distribution in fat 
from Japanese and Australian steers revealed that fat 
from the Australian steers contained a higher proportion 
of saturated fatty acids in the #2 position (273).

Digestion and Absorption of Dietary Fats
Digestion of fats in humans is accomplished by two 
different lipase enzymes that hydrolyze the ester 
bonds, releasing the fatty acids from glycerol. In the 
stomach, the lingual lipase removes the #3 fatty acid 
from triacylglycerols. Liberated short-chain fatty ac-
ids (<12 C) are soluble and are absorbed through the 
stomach mucosa into the portal vein, which carries 
them to the liver where they are metabolized to release 
energy. Liberated long-chain fatty acids diffuse into fat 
droplets and pass into the small intestine along with 
the remaining diacylglycerol molecules that contain 
two fatty acids. 
 In the small intestine pancreatic lipase removes the 
#1 and any remaining #3 fatty acids, leaving a mono-
acylglycerol with only the #2 fatty acid. Short-chain 
fatty acids can be absorbed directly from the intestine 
and transported to the liver. Long-chain saturated fatty 
acids (>18 C) tend to form insoluble hydrated acid soaps 
in the less acidic environment of the small intestine, 
particularly when calcium and magnesium are pres-
ent. These insoluble complexes are usually eliminated 
with the fecal matter. Medium-chain fatty acids may 
be absorbed or eliminated  depending on acidity and 
availability of minerals that may form complexes. The 
monoacylglycerol attaches to two other free fatty acids 
and this triacylglycerol enters the lymphatic system and 
is transported to the liver and other parts of the body. 
A lipase in the liver may subsequently split off fatty 
acids from these molecules.
 Absorption of fatty acids depends on their solubil-
ity (which is greater for unsaturated fatty acids and 
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shorter chain saturated fatty acids) and their position 
on the glycerol backbone. Some experiments with 
volunteers fed natural cocoa butter and randomized 
cocoa butter indicated that the natural cocoa butter 
was more readily absorbed. The randomized fat had 
higher levels of stearic acid (12% vs. 0.2%) in the #2 
position of triacylglycerols as compared to the natural 
fat. The volunteers had 34% less stearic acid in their 
plasma after consuming the randomized fat (210).
 To test the effects of calcium on the absorption of 
saturated fats, volunteers consumed chocolate (cocoa 
butter) with or without calcium supplements. Calcium 
increased fecal fat twofold and reduced absorption of 
cocoa butter by 13% (221). Another study with human 
volunteers indicated that increasing calcium intakes 
fi vefold caused a decrease in fat absorption of only 5% 
(148). Effects of minerals have also been observed in ex-
periments with rats fed calcium–magnesium-suffi cient 

diets and synthetic triacylglycerols containing oleic and 
stearic acids. When stearic acid was in the #2 position 
(oleic–stearic–oleic), >97% of it was absorbed; when 
it was in the #1 and 3 positions (stearic–oleic–stearic), 
only 37% was absorbed. However, if the rats were defi -
cient in calcium and magnesium, 70% of the stearic acid 
in the #1 and 3 positions was absorbed. In addition to 
the formation of insoluble soaps, it is likely that some 
of the stearic-acid-containing diacyl glycerols, formed 
after the fi rst lipase reaction, were also eliminated 
because they were less digestible (18;148).
 For shorter saturated fatty acids, position on the fat 
molecule may not have as great an effect on absorp-
tion. When healthy adults were fed samples of two oils 
that had the same total palmitic acid (16:0) content but 
differed in the distribution of the palmitic acid in the 
molecule, there was no apparent difference in blood 
lipid levels after the meal. In one oil 6% of the palmitate 

Table 1. Fatty acid content of different dietary fats (g/100 g edible portion).*

    Saturated     PUFA MUFA
Fat / Oil Total 6:0 8:0 10:0 12:0 14:0 16:0 18:0 Total Total

Beef fat 29.45   0.31 0.21 2.39 17.73 8.81 2.56 30.94
Tallow (beef) 49.8    0.9 3.7 24.9 18.0 4.0 41.8
Butter 51.37 2.01 1.19 2.53 2.59 7.44 21.7 10.0 3.04 21.02
Pork fat 17.1     0.61 10.19 6.03 7.186 18.81
Lard (pork) 39.2   0.1 0.2 1.3 23.8 13.5 11.2 45.1
Chicken fat 20.25    0.04 0.6 14.65 4.08 14.2 30.3
Turkey fat 29.4     0.9 20.6 6.2 23.1 42.9
Coconut oil 86.5 0.6 7.5 6.0 44.6 16.8 8.2 2.8 1.8 5.8
Cocoa butter 59.7     0.1 25.4 33.2 3.0 32.9
Palm oil 49.3    0.1 1.0 43.5 4.3 9.3 37.0
Canola oil 7.1      4.0 1.8 29.6 58.9
Soybean oil 14.4     0.1 10.3 3.8 57.9 23.3
Olive oil 13.45      10.93 1.98 10.0 73.9

*Data from USDA National Nutrient Database for Standard Reference (252).

Table 2. Fatty acid content of roasted meats and whole milk (g/100 g edible portion).*

    Saturated     PUFA MUFA
Food Total 6:0 8:0 10:0 12:0 14:0 16:0 18:0 Total Total

Beef, sirloin (choice) 3.527    0.01 0.202 2.247 1.068 0.312 4.907
Pork, sirloin 2.97   0.01 0.01 0.100 1.840 0.950 0.730 3.620 
Chicken (meat only) 2.040    0.020 0.060 1.410 0.490 1.690 2.660 
Chicken (meat & skin) 3.790    0.020 0.110 2.780 0.770 2.970 5.340 
Turkey (meat only) 1.640    0.020 0.030 0.820 0.490 1.430 1.030 
Turkey (meat & skin) 2.840    0.010 0.070 1.730 0.700 2.480 3.190 
Whole milk 1.865 0.075 0.075 0.075 0.077 0.297 0.829 0.365 0.195 0.812

*Data from USDA National Nutrient Database for Standard Reference (252).
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was in the #2 position while in the other, 73% was in 
this position (277).277).277
 To summarize, digestion and absorption of fats in 
the diet, including those in beef, depend to some extent 
on the size and degree of unsaturation of the fatty acids 
and on the structure of the fat molecules — the position 
of different fatty acids. Other items in the diet, includ-
ing sources of calcium, magnesium, and dietary fi ber, 
may also affect fat absorption. 

Physiological Fate of Saturated Fatty Acids
Saturated fatty acids may be catabolized for energy, 
incorporated directly into membranes or other lipids 
such as circulating lipoproteins, or may be deposited 
as stored fat in various locations in the body. In addi-
tion, desaturation enzymes can create double bonds 
in saturated fatty acids, and the resulting unsaturated 
fatty acids may be used or stored in the body (27). To 27). To 27
some extent, fatty acid composition of cell membranes 
and serum lipids refl ects the dietary intake of these 
fatty acids. But the relationship is not exact because 
of the complex set of reactions occurring during lipid 
metabolism and the effects of other dietary components 
on the physiological fate of ingested lipids. Although 
reduction of dietary fat to approximately 26% of energy 
intake appears to have positive effects on serum lipids, 
more severe reductions in fat intake have been reported 
to increase plasma triglyceride levels and increase 
synthesis of palmitic acid in the body (120).

Research on Saturated Fat and Health 
— General Considerations
A very large number of studies have examined the im-
portance of dietary fat to human health. The relevance 
and usefulness of such research depends on research 
design and data analysis. In a practical sense, it would 
be impossible to carry out a perfect research project to 
determine precisely the effects of dietary saturated fat 
on human health because it would involve decades of 
obtaining accurate and detailed daily dietary informa-
tion for thousands of people. However, it is possible to 
obtain indications of the importance of different dietary 
constituents with the research designs currently used. 
Different types of human studies have their strengths 
and weaknesses. A varied program of research with 
different study designs is probably needed to discern 
effects of diet on health (193).

 Some issues that should be considered in evaluating 
research results are listed below:

- Western diet” is a general term that may be 
defi ned differently by different people. Even 
among “Western” countries, diets vary: Con-
sider the variations implied by the terms “Medi-
terranean diet” and “French Paradox.” 

- Variations in nutrient intake within one country 
may not be very great and this may mask cor-
relations between dietary intake and cancer inci-
dence. Therefore, multi-center studies assessing 
dietary intakes and cancer in several countries 
may have increased statistical power because of 
larger variations in nutrient intake (109).

 Although North Americans and Western Europeans 
eat a very different diet from Asians, Africans, and 
South Americans, there are many other differences 
between more and less developed countries, including 
the amount of exercise people get, stress, prevalence of 
smoking, and pollutants that may be present in air or 
water. These other factors also affect human health. 
 Some older studies only estimated total fat intake 
and did not consider types of fats (saturated or unsatu-
rated) or total energy or caloric intake. Different fatty 
acids are metabolized differently and therefore may 
have different physiological effects. Total energy intake 
is also an important factor affecting health, so fat intake 
should be corrected for total caloric intake (129). Some 
low-fat diets containing high levels of carbohydrates 
may provide the same number of calories as a high-fat 
diet. 
 “Saturated fat” in one diet may not be equivalent to 
“saturated fat” in another diet because of differences 
in proportions of individual fatty acids. The absorption 
and metabolic fate of saturated fatty acids depends on 
their chain length or size. Short-chain fatty acids are 
more readily absorbed and utilized for energy while 
long-chain fatty acids are not absorbed as well.
 Diets that contain high levels of fat and meat usu-
ally contain fewer fruits and vegetables. If such a diet 
is unhealthy, it may be the excess of fat and meat or the 
defi cit in vitamins, fi ber, antioxidants, or other plant 
protective compounds, or both, that are to blame.
 Risks attributed to “fat” or “saturated fat” may ac-
tually be correlations with intake of meat. Aside from 
saturated fat content, some meats may be sources of 
other compounds that may adversely affect health, e.g., 
nitrosamines in meats preserved with nitrites, PAHs 
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and heterocyclic amines in grilled meats, and excess 
iron which may act as an oxidant.
 There is an issue of accuracy in assessing dietary 
intake of foods. This may be particularly true for 
case–control studies in which subjects are asked to try 
to remember their typical diet during the past (23;192). 
Analysis of dietary data obtained by two different as-
sessments and its correlation with breast cancer inci-
dence led to different conclusions. When saturated fat 
intake was assessed by a food frequency questionnaire, 
there was no signifi cant association with cancer (odds 
ratio of 1.1); when saturated fat intake was assessed 
using a seven-day food diary there was a signifi cant 
association (odds ratio 1.22). It may be that inaccurate 
measurements of dietary intakes of nutrients mask the 
health effects of those nutrients (11).
 Some researchers analyze serum lipids or small 
samples of adipose tissue in an attempt to obtain a more 
objective measurement of fatty acid intake (4;193). 
However, it should be remembered that the body can 
synthesize many fatty acids. Not all the fatty acids 
found in serum phospholipids or body fat stores have 
come directly from dietary sources.
 There is also the question of the signifi cant stage 
of life for which diet should be assessed. Is diet dur-
ing the previous 5 years, during adolescence, during 
childhood, or at some other time the most important 
for determining a particular health effect.
 Genetic susceptibility to various diseases differs 
among individuals. Some people can consume a lot 
of salt or cholesterol and remain healthy while oth-
ers develop high blood pressure or atherosclerosis. 
It is also true that people with different genetic back-
grounds respond differently to high- and low-fat diets 
(159;187).159;187).159;187

Cancer
Numerous epidemiological studies have reported sig-
nifi cant positive associations between total dietary fat 
or saturated fat and various types of cancer. Results 
from a number of other studies indicate insignifi cant 
or even negative correlations between dietary fat and 
cancer incidence. It is not always possible to ascer-
tain why different studies of the same disease yield 
different results. Some of the earlier studies may be 
less reliable because their analyses did not control for 
other factors that may affect cancer incidence. Other 

factors mentioned in the previous section (see General 
Considerations) may affect research results. In the 
discussions below, only more recent epidemiological 
studies, within approximately the last 10 years, will be 
described and reviews of earlier studies on the possible 
effects of dietary fat on cancer will be summarized. 
Table 3 briefl y summarizes data from this research on 
different types of cancer for easier comparison.
 Epidemiological research generally investigates 
factors affecting incidence of a particular kind of 
cancer. Some dietary nutrients may affect the initia-
tion of tumors or promotion of their growth. These 
effects may be specifi c to cancer in one organ or they 
may promote growth of tumors at several sites within 
the body. Results from some studies have shown that 
serum concentrations of IGF-1, a regulator of growth 
and metabolism, are correlated with red meat, carbohy-
drate, and/or fat intake. Lifestyle factors can infl uence 
IGF-1 levels (174;194) and elevated levels of IGF-1 
have been associated with several types of cancer (111). 
Dietary fats may alter hormone levels or cause other 
physiological effects that affect  carcinogenesis (72).
 Physiological responses to high-fat diets may be 
involved in cancer promotion and in insulin resistance 
and development of diabetes (26). Data from experi-
mental studies with rats demonstrated that a high-fat 
diet promoted the development of colon cancer (after 
chemical initiation) and also increased serum insulin 
levels 180 minutes after an oral glucose load (250). Even 
though these diseases are often studied separately and 
are discussed in separate sections below, there may be 
some common physiological mechanisms that underlie 
them.

Colorectal Cancer
According to a 2002 overview on dietary fat and can-
cer, evidence from animal studies and international 
comparisons suggests that a high intake of dietary fat 
is a risk factor for colorectal cancer. However, data 
from prospective cohort studies and case–control 
studies generally do not support this hypothesis (129). 
Some case–control studies implicate high intakes of 
meat as a risk factor for colorectal cancer, but these 
studies do not always indicate that saturated fat is an 
important risk factor. It has been suggested that there 
may be some other component in meat or associated 
with meat that is important. One experimental study 
in rats provided evidence that the iron in meat, not the 
fat, causes proliferation of cells in the colon (219). The 
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Table 3. Summary of case–control and prospective studies of cancer.
Cancer / Study Study details Increased risk with total or saturated fat Year Ref.

Colorectal

Prospective 46,632 men (HPFS) and 87,733 women (NHS); 14–20-
yr follow-up; 1139 colon cases, 339 rectal cases; U.S.

None for rectal cancer; increased for beef, pork, 
lamb, processed meat for colon cancer

2004 (263)

487 cases in cohort of 45,496 females; average 8.5-yr 
follow-up; U.S.

None for meat and fat intake 2003 (56)

445 colon cases, 101 rectal cases in cohort of 76,399 
females; 12-yr follow-up; U.S. (NHS)

None for rectal; increased risk for “Western” diet 
for colon

2003 (60)

109 cases in cohort of 9959; ~30-yr follow-up; Finland None for total and saturated fat for colon or rectal 2001 (108)
460 cases in cohort of 61,463 females; average follow-
up 9.6 yr; Sweden

None for “Western” diet 2001 (242)

143 cases in cohort of 50,535 Norwegians; average 
follow-up 11.4 yr

None for total and saturated fat 1996 (61)

205 colon cases in cohort of 47,949; 6-yr follow-up; 
U.S. (HPFS)

None for total and saturated fat; increased risk for 
red meat

1994 (71)

Case–Control 613 cases, 996 population controls; North Carolina None for saturated fat; increased risk for total 
energy intake 

2003 (212)

402 cases, 668 population controls; Canada None for C12-C18 saturated fatty acids; decreased 
risk for C12-C14 for females

2003 (178)

286 cases, 550 hospital controls; Switzerland Positive trend for saturated fat;  borderline sig-
nifi cance

2002 (138)

208 cases with large adenomas, 427 polyp-free controls; 
France

Increased risk for total fat and fatty meat 2002 (217)

1458 cases, 2410 population controls; U.S. Inactivation of tumor suppressor gene related to 
“Western” diet

2002 (227)

45 cases, 45 outpatient controls; China Increased risk for saturated fat and meat 2000 (279)
1953 cases, 4154 hospital controls; Italy None for colon; nonsignifi cant increase for rectal 1998 (58)
402 cases, 668 population controls; Canada Slight decreased risk associated with total and 

saturated fat
1997 (67)

1192 cases, 1192 population controls; Hawaii None for total and saturated fat; increased risk for 
red or processed meat

1997 (134)

Review of 13 earlier studies with total of 5287 cases, 
10,470 controls in 10 countries

Little or no evidence of risk for energy-adjusted 
total or saturated fat 

1997 (93)

Pancreatic

Prospective 178 cases in cohort of 88,802 American women;18-yr 
follow-up

None for saturated fat or meat 2003 (167)

163 cases in cohort of 27,111 male smokers; Finland; 
12 yr follow-up

Increased risk for saturated fat and butter 2002 (235; 
236)

54 cases in 16,017 white men in U.S.; follow-up for 20 
yr

Increased risk for red meat 1993 (280)

Case–Control 802 cases, 1669 population controls; Australia, Canada, 
Poland, The Netherlands

None for total or saturated fat 1992 (94)

Lung

Prospective Pooled analysis of 8 cohorts in U.S., Canada, Europe; 
3188 cases, 430,281 cohort members

None regardless of smoking history 2002 (229)

572 cases in cohort of 98,248 after 7–9 yr; Japan Increased risk for ham, sausage, liver for females 
only

2001 (182)

5941 deaths in cohort of 12,763 males in Europe, U.S., 
Japan after 25 yr

None for non-smokers; positive for saturated fat 
for smokers

2000 (173)

153 cases in cohort of 51,452 Norwegians followed for 
8–14 yr

None for saturated fat 1997 (255)

Case–Control 200 cases, 600 hospital controls; Uruguay Increased risk for total fat; nonsignifi cant increase 
for saturated fat 

2002 (42)

360 cases, 574 population controls; female smokers and 
non-smokers; Iowa

Increased risk for total and saturated fat and red 
meat for both

2001 (1)

506 cases, 1045 population and hospital controls; 
Europe

Slight increased risk for meat for some cancer 
types

2000 (22)

593 female cases, 623 population controls; smokers and 
non-smokers; Missouri

Increased risk for red meat, especially fried or 
well done

1998 (226)

429 cases, 1021 population controls; female, non-smok-
ers; Missouri

Increased risk for saturated fat; association weak-
ened by adjustment for total energy intake

1993, 
1997

(2; 
240)

587 female cases, 687 population controls, mostly 
smokers; Missouri

None for fat or red meat 1997 (241)
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Esophageal / Stomach

Case–Control 124 esophageal, 124 stomach, 449 population controls; 
Proxies provided data for 76% of esophageal and 80% 
of stomach cases; Nebraska

Data from proxies – none; Data from patients, 
increased risk for saturated fat

2002 (32)

Breast

Prospective 4107 pre- and postmenopausal cases in cohort of 88,647 
U.S. women; 18-yr follow-up; (NHS)

None for red meat 2003 (88)

714 premenopausal cases in cohort of 90,655 U.S. 
women; 8-yr follow-up

Increased risk for total, animal, and saturated 2003 (34)

314 pre- and postmenopausal cases in cohort of 35,298 
Singapore Chinese; after average of 5.3 yr

None for saturated fat 2003 (62)

1071 postmenopausal cases in cohort of 44,697 U.S. 
women; 14-yr follow-up; (NHS)

None for saturated fat 2002 (29)

711 pre- and postmenopausal cases in cohort of 111,526 
U.S. women; 2-yr follow-up 

None for total or saturated fat 2002 (91)

941 postmenopausal cases from a cohort of 62,573 
Dutch women followed for 6.3 yr; cases compared with 
1598 subcohort members

None for total or saturated fat or palmitic or 
stearic acids

2002 (261)

1328 pre- and postmenopausal cases in a cohort of 
61,463 Swedish women; followed 9.6 yr

No association with “Western” dietary pattern 2001 (243)

71 postmenopausal cases in a cohort of 4052 Italian 
women; followed 5.5 yr; analysis of erythrocyte mem-
brane fatty acids

None for saturated fat 2001 (183)

Pooled analysis of 8 studies from U.S., Canada, Swe-
den, Netherlands; 7,329 pre- and postmenopausal cases 
among 351,821 women; 5–10-yr follow-up

Slight increase in risk for saturated fat in pooled 
cases (RR=1.03); RR for individual studies ranged 
from 0.82 to 1.2

2001 (230)

2956 pre- and postmenopausal cases in cohort of 88,795 
U.S. women followed for 14 yr (NHS)

None for total or saturated fat 1999 (89)

674 pre- and postmenopausal cases in cohort of 61,471 
Swedish women followed an average of 4.2 yr

None for saturated fat 1998 (271)

Review of data from 6 large cohort studies; total of 
4218 pre- and postmenopausal cases in total cohort size 
of 385,044 women from U.S., The Netherlands, Canada, 
Finland; follow-up 3–20 yr

None for total or saturated fat 1994 (267)

Case–Control 414 pre- and postmenopausal cases, 429 population 
controls; Canada

None for saturated fat 2003 (177)

441 postmenopausal cases, 370 population controls; 
Washington

Increased risk for red meat and high fat meat 2003 (222)

127 pre- and postmenopausal cases, 242 population 
controls; Finland; analysis of serum lipids as measure of 
dietary intake

Higher level of saturated fat in cases but associa-
tion weakened by adjustment for confounders

2003 (203)

2385 pre- and postmenopausal cases, 19,013 hospital 
controls; Japan

None with meat or beef 2003 (86)

168 pre- and postmenopausal cases, 672 controls; 
England

None with diet measured by questionnaire; posi-
tive for saturated fat when diet was measured by 
food diary

2003 (11)

237 postmenopausal cases, 673 population controls; 
Sweden

None for saturated fat; positive trend for total fat 2002 (270)

335 pre- and postmenopausal cases, 838 population 
controls; Germany

Slight increase for total and saturated fat; larger 
increase for beef and red meat

2002 (84)

1459 pre- and postmenopausal cases, 1556 population 
controls in Shanghai

Increased risk for red meat especially well done 
or deep fried

2002 (40) 

197 pre- and postmenopausal cases, 197 population 
controls; U.S.; analysis of serum lipids as measure of 
dietary intake

Increased risk with higher percentage of saturated 
fatty acids

2002 (207)

2569 pre- and postmenopausal cases, 2588 controls; 
Italy

None with saturated fat with standard multivariate 
model; increased risk for saturated fat (OR=1.22) 
with different adjustment for confounders

1996, 
1997

(43; 
57)

220 postmenopausal cases, 825 population controls; 
England

Some increased risk for saturated fat but no 
signifi cant trend

1998 (30)

834 pre- and postmenopausal cases, 834 population 
controls; China

Modest non-signifi cant increase with saturated fat 1995 (276)

180 pre- and postmenopausal cases, 900 population 
controls; New York

Increased risk for meat; modest increase for 
saturated fat

1994 (249)

820 pre- and postmenopausal cases, 1548 hospital and 
population controls; Greece

None for total or saturated fat 1994 (112)
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risk associated with saturated fat and meat could also 
be due to the manner in which these foods are prepared. 
High-temperature cooking can produce heterocyclic 
amines that are known carcinogens. There is also evi-
dence that certain people are genetically predisposed 
to developing colorectal cancer (179).
 A recent review of the literature on the effects of 
different fatty acids on colon cancer risk concluded 
that long-chain saturated fatty acids have no signifi cant 
effect on colorectal cancer risk. Risk appears to be 
increased by medium-chain saturated fatty acids and 
arachidonic acid (unsaturated) and to be decreased by 
short-chain saturated fatty acids and eicosapentaenoic 
acid (found in fi sh oil) (179).

Prospective cohort studiesProspective cohort studies. Nearly all of the recently 
published cohort studies, including two large prospec-
tive studies published in 2003, failed to demonstrate a 
signifi cant positive correlation between  dietary total or 
saturated fat and colorectal cancer but evidence from 
some studies indicated that meat or some other dietary 
component may be related to risk for this cancer.
 Prospective studies that found no signifi cant effect 
of dietary total or saturated fat included the following: 
The Breast Cancer Detection Demonstration Project 
(BCDDP) with 487 colorectal cases in a cohort of 
45,496 U.S. women (56); The U.S. Health Profession-
als Follow-Up Study (HPFS) with 205 colon cases in a 
cohort of 47,949 men (71); Combined analysis of HPFS 

Meta-analysis 23 studies (16 case–control, 7 prospective) published 
1978–1992

Summary relative risk was 1.01 for cohort studies, 
1.21 for case–control studies for total fat

1993 (16)

45 studies (14 cohort, 31 case–control) on effects of 
dietary fat; 37 studies (12 cohort, 25 case–control) for 
foods

Summary relative risk for fat was 1.13; for satu-
rated fat was 1.19; for meat was 1.17

2003 (17)

Ovarian

Prospective 301 cases in cohort of 80,258 after 16 yr; U.S. (NHS) None for total or saturated fat 2002 (9)
Meta-analysis 8 case–control studies (6689 subjects); 1984–1999 Increased risk for total, animal, and saturated fats 2001 (101)
Case–control 1031 cases, 2411 hospital controls; Italy None for saturated fat 2002 (10)

Endometrial

Prospective 221 cases in subcohort of 3918 Canadians; 8–13-yr 
follow-up

None; modest inverse relation between animal fat 
and cancer

2000 (107)

Case–Control 20 cases, 20 population controls; Sweden Increased risk; abdominal fat of cases contained 
greater amounts of intermediate length saturated 
fatty acids

1993 (147)

Prostate

Prospective 72 cases in cohort of 25,708 Norwegians followed 3–12 
yr

None for total or saturated fat 1997 (256)

279 cases (126 advanced) in cohort of 47,855 after 4 yr 
in U.S. (HPFS)

None for all cases; increased risk for total fat and 
red meat for advanced cases only

1993 (70)

32 deaths among 384 cases after 5 yr; Quebec Increased risk for saturated fat 1999 (165)
Case–Control 232 cases, 231 population controls; Canada Weak inverse association with total, animal, and 

saturated fat
1996 (66)

328 cases, 328 population controls; UK None for total fat 1997 (114)
133 cases, 265 neighborhood controls; China Increased risk for total, saturated and unsaturated 1998 (136)
217 cases, 434 hospital and community controls; Spain Increased risk for animal fat and linolenic acid 2000 (197)
605 cases, 592 controls; U.S. Increased risk for total, saturated and monounsatu-

rated only for cancers that had spread
2002 (126)

101 cases, 202 hospital controls; Serbia None when adjusted for total energy intake 1997 (259)
1655 cases, 1645 population controls (Blacks, Whites, 
Asian-Americans/Canadians)

Increased risk for total fat in all groups; increased 
risk for saturated fat for Asians

1995 (265)

Testicular

Case–Control 601 cases, 744 population controls; Canada Nonsignifi cant increased risk for seminoma and 
nonseminoma for total and saturated fat

2003 (65)

117 cases, 334 hospital controls; U.S. None for nonseminoma; slight increased risk for 
seminoma for total/animal/saturated fat

2002 (15)

160 cases, 136 population controls; U.S. None for seminoma; increased risk for total and 
saturated fat for nonseminoma 

1999 (224)

NHS = Nurses’ Health Study
HPFS = Health Professionals Follow-up Study
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and the U.S. Nurses’ Health Study (87,733 women) 
with 1139 cases of colon and 339 cases of rectal can-
cer (263); Finnish Mobile Clinic Health Examination 
Survey with 109 cases of colorectal cancer in a cohort 
of 9959 people (108); and Norwegian National Health 
Screening Service with 143 cases in a cohort of 50,535 
persons (61).
 Two other prospective studies found no association 
between colorectal cancer and dietary pattern: For 101 
cases of rectal cancer detected in 76,402 women in the 
Nurses’ Health Study (NHS), there was no association 
between cancer and consumption of a “prudent” or a 
“Western” diet (60). For 460 cases of colorectal cancer 
in a cohort of 61,463 women in Sweden, there was no 
signifi cant correlation with a “Western,” a “Healthy,” 
or a “Drinker” dietary pattern (242).
 Meat intake was associated with cancer risk in 
some prospective studies: In the combined analysis of 
NHS and HPFS, higher intakes of beef, pork, lamb, 
and processed meats were associated with colon cancer 
in 1139 cases (263). High intakes of meat, but not of 
animal fat, were associated with incidence of colon 
cancer in 205 cases in HPFS (71). Data on 455 cases 
of colon cancer in NHS indicated that the “Western” 
diet was associated with a relative risk of 1.46 (60). But 
data from BCDDP indicated that neither total meat nor 
red meat intake was associated with colorectal cancer 
that developed in 487 women during approximately 
ten years of follow-up (56).

Case–control studies. Total and saturated fat 
were not identifi ed as factors that increased risk for 
colorectal cancer in most recent case–control studies 
(58;67;134;178;212). Total fat, animal fat, and fatty 
meat were associated with increased risk for large 
colorectal adenomas (which often become malignant) 
in a study in France (217). Saturated fat and meat were 217). Saturated fat and meat were 217
associated with colorectal cancer in a small study (45 
cases, 45 controls) in China (279). A combined analysis 
was done for 13 case–control studies published from 
1980 to 1992 on patients and controls in 10 countries 
[Argentina, Australia, Belgium, Canada, China, France, 
Greece, Singapore, Spain, U.S. (93)]. Eleven studies 
reported a positive association of colorectal cancer 
with total energy intake, but there was little evidence 
for a signifi cant effect of dietary total or saturated fat 
on cancer incidence.
 Some recent case–control studies on colorectal 
cancer suggest that there may be gender differences 

in the risk posed by dietary constituents. A Canadian 
study of 402 cases (202 females) and 668 controls found 
total saturated fatty acid intake was associated with a 
decreased cancer risk for women but not for men (67). 67). 67
Data on 427 controls and 208 cases (79 women) with 
large adenomas indicated that consumption of fatty 
meat was associated with an increased risk of adenomas. 
However, this increased risk was predominantly due to 
cancer in males. Men in the highest category of fatty 
meat intake had a relative cancer risk of 2.5 compared 
to men in the lowest category of intake. The relative risk 
for women in the highest meat intake category was 0.9 
(217). Intakes of red meat and processed meats were 217). Intakes of red meat and processed meats were 217
associated with an increased risk for cancer in the right 
colon and rectum in males only in a case–control study 
in Hawaii (134). 
 Dietary factors may affect the incidence of cancers 
in different regions of the colon or rectum. According 
to a case–control study in Italy, saturated fat intake was 
not associated with tumors in the colon but was associ-
ated with rectal cancer. Both colon and rectal cancers 
were associated with total energy and starch intake 
(58). Another study of 286 cases (112 females) and 
550 controls in Switzerland found that risk of colorectal 
cancer increased signifi cantly with total energy intake 
while the increase noted for saturated fat intake was 
of borderline signifi cance (138). Analysis of dietary 
intakes from a large number of cases in the U.S. indi-
cated that mutations in the p53 tumor suppressor gene 
in colorectal cancer were correlated with diets high in 
red meat, fast foods, and trans fatty acids (227).227).227
 Experimental studies on colon cancer in animals 
have yielded varying results often associated with 
differences in protocol. Increased dietary fat has been 
reported to increase, decrease, or have no effect on 
colon carcinogenesis in rodents (72). Diets contain-
ing 3–30% lard (pork fat) as compared to control 
diets with no lard did not increase oxidative DNA 
damage, mutation frequency or DNA adducts in the 
colon of rats. This suggests that fat does not act as an 
initiator of colon carcinogenesis in rats (260). Some 
experiments demonstrated that diets high in saturated 
fat promoted tumor development in rats treated with 
chemical carcinogens (198) while others indicated 
that palmitic acid at low concentrations did not affect 
growth of rat colon cancer cells or increase metastasis 
(106). Hemoglobin or hemin in meat promoted colon 
cancer development in rats, suggesting that it may be 
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the myoglobin in meat rather than (or in addition to) 
saturated fat that is responsible for promoting colon 
carcinogenesis (188;219).

Pancreatic Cancer
A recent review of the epidemiology of pancreatic 
cancer reports that links have been observed between 
consumption of animal fats, cholesterol and total en-
ergy and risk of pancreatic cancer. Methods of cooking 
and preservation of foods may also affect cancer risk. 
Smoking showed the strongest positive association with 
risk of pancreatic cancer (68).
 Data from a large prospective study of dietary fac-
tors associated with pancreatic cancer in women in the 
U.S. revealed no signifi cant associations between total 
fat or saturated fat intake and this disease. Participants 
in the Nurses’ Health Study originally included over 
121,000 women who were predominantly former or 
never smokers. Dietary habits were assessed four times 
during 18 years of follow-up and a median saturated 
fat intake of 28 g/day was noted at baseline. There 
were 178 confi rmed cases of pancreatic cancer dur-
ing this time. Neither specifi c foods nor estimates of 
intakes of total fat, different fatty acids or cholesterol 
were signifi cantly associated with risk of developing 
pancreatic cancer (167).167).167
 Data from another large prospective study involving 
27,111 male smokers in Finland (Alpha-Tocopherol, 
Beta-Carotene Cancer Prevention Study) indicated 
that intakes of saturated fat and beef (adjusted for total 
energy intake) were associated with an increased risk 
of pancreatic cancer. During 12 years of follow-up, 
163 cases of pancreatic cancer were identifi ed. Base-
line median intake of saturated fat was 61.8 g/day for 
cases and 58.5 g/day for non-cases. Median intakes of 
dairy products and red meat were much higher for the 
male smokers in this study than for the nurses in the 
previous study (236).
 A third cohort study of 17,633 white men in the U.S. 
identifi ed 57 cases of pancreatic cancer after 20 years 
of follow-up. Smoking was confi rmed as an important 
risk factor and dietary analyses revealed that higher 
meat consumption was associated with an increased 
risk for pancreatic cancer mortality but risk was not 
calculated for fat intake (280).
 A collaborative case–control study investigated 
the relationship between nutrient intake and pancreatic 
cancer in fi ve populations from Australia, Canada, The 
Netherlands, and Poland. Positive associations were 

observed between cancer and intakes of carbohydrate 
and cholesterol but not for fat or saturated fat; inverse 
associations were noted for intakes of dietary fi ber and 
vitamin C (94).
 Data from rodent studies indicate that dietary fat, by 
itself, does not cause pancreatic cancer but it can pro-
mote tumor development. Saturated fats do not appear to 
affect tumorigenesis, while dietary n-6 polyunsaturated 
fats promote the growth of pancreatic tumors and n-3 
polyunsaturated fats inhibit them (206).

Lung Cancer
Smoking is widely recognized as a cause of lung cancer. 
However, there are some non-smokers who get this 
disease and some smokers who remain free of cancer. 
It has been suggested that various dietary ingredients 
may either promote or prevent carcinogenesis.
 Several prospective studies following large cohorts 
of smokers and non-smokers have failed to fi nd a link 
between dietary saturated fat and lung cancer develop-
ment. One study found an increased risk for lung cancer 
in women consuming fatty meat and another study 
reported an increased risk associated with consumption 
of saturated fat for smokers but not for nonsmokers. 
A pooled analysis of eight prospective studies starting 
from 1976 to 1986 and following subjects for 6–16 years 
did not demonstrate any positive association between 
intakes of total or specifi c kinds of fats and lung can-
cer risk among never, past, or current smokers (229). 
There were 3188 lung cancer cases identifi ed among 
430,281 members of these cohorts. Neither was there a 
signifi cant association between dietary saturated fat and 
lung cancer in an analysis of data on 153 lung cancer 
cases in a cohort of 51,452 Norwegian men and women 
that included both smokers and nonsmokers (255). In a 
cohort of 98,248 Japanese men and women, 572 lung 
cancer cases were identifi ed during the 7–9-year fol-
low-up. Ham and sausage were signifi cantly negatively 
associated with lung cancer in men but signifi cantly 
positively associated with lung cancer in women (182). 
Of 12,763 men participating in the Seven Countries 
Study (including U.S., Japan, and Europe), there were 
5941 lung cancer deaths identifi ed during the 25-year 
follow-up. Lung cancer mortality was positively as-
sociated with total and saturated fat intake in smokers. 
No signifi cant associations were observed between diet 
and cancer in non-smokers (173).
 Some case–control studies investigated lung cancer 
specifi cally in non-smokers as related to dietary factors. 
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One analysis, published in 1993, of 429 female cases 
and 1021 population controls in Missouri concluded 
that there was a clear positive association between 
lung cancer incidence in non-smokers and saturated 
fat intake (2). A reanalysis of the data from this study 
using a different statistical method for adjusting dietary 
intakes for total energy intake found that the correlation 
between saturated fat was still positive but weakened 
by this adjustment (240). A multicenter study of lung 
cancer in male and female non-smokers in several 
European countries (506 cases, 1041 population and 
hospital controls) found that meat consumption was 
positively associated with some types of lung cancer 
but not with others (22).
 Case–control studies of lung cancer in groups in-
cluding both smokers and non-smokers have yielded 
inconsistent results although several noted an associa-
tion with red meat. Intakes of total and saturated fat 
were positively correlated with lung cancer in women 
in Iowa [360 cases, 574 controls (1)] and total fat but 
not saturated fat was correlated with lung cancer in 
Uruguay [200 cases, 600 controls (42)]. However, a 
study of female smokers with lung cancer in Missouri 
found no association between intakes of fat or red meat 
and cancer after adjusting for confounding factors (241). 
Further analysis of the data on these Missouri women 
indicated that there was a positive correlation with red 
meat intake, particularly if it was fried or well done 
(226).

Breast Cancer
Incidence rates of breast cancer vary geographically 
and migrant studies suggest that some lifestyle and 
environmental factors may infl uence the development 
of this cancer. For example, breast cancer incidence in 
women in Asia, in Asian-Americans in the U.S., and 
in Caucasian women in the U.S. is 20–30, 50–60, and 
90–120 cases/100,000, respectively. One theory is that 
migrants (after the fi rst generation) consume higher 
fat diets and this may be related to an increasing inci-
dence of breast cancer as migrants become assimilated. 
Both individual reports of studies and review articles 
provide confl icting evidence on the possible effects of 
dietary fat.
 According to one review, evidence for a link be-
tween dietary fat and breast cancer does not appear 
strong. Among 21 case–control studies published in 
the 1990s, nine showed a signifi cant positive associa-
tion between intakes of total fat or saturated fat and 

breast cancer. Only one of 11 cohort studies published 
during this time reported a signifi cantly increased risk 
associated with total fat intake. Two meta-analyses of 
cohort studies published during this period showed 
no association between dietary fat or saturated fat and 
breast cancer (135). In another review of previous 
studies, only two of 31 studies reported a signifi cant 
association between saturated fat intake and breast 
cancer (202).
 A recent meta-analysis of 45 studies (14 cohort 
and 31 case–control) published from 1978 to 2003 
calculated a summary relative risk for total fat of 1.13. 
Data from studies assessing the risk for high intakes of 
saturated fat and meat indicated summary relative risks 
of 1.19 and 1.17, respectively. Analyses of studies to 
determine characteristics that might explain variations 
in results showed that studies judged to be of higher 
quality gave slightly higher risk estimates (1.17 for 
total fat) and that studies from Asia and Europe gave 
higher estimates of relative risk for total fat (1.42 and 
1.17, respectively) than studies from North America 
(1.04) (17).17).17

Prospective studiesProspective studies. Eight prospective studies of 
breast cancer that included at least 200 cases each 
from the U.S., Canada, Sweden, and The Netherlands 
were analyzed using a standardized approach. There 
were 7329 incident cases in the pooled database 
among 351,821 total women. When dietary data were 
analyzed by quartiles of intake there was no associa-
tion between saturated fat intake and breast cancer. 
When saturated fat data were analyzed as replacing 
an equivalent amount of energy from carbohydrates or 
mono unsaturated fat, there was a marginally signifi cant 
increase in relative cancer risk of 9–18% (230).
 Another analysis of data from six large cohort stud-
ies, published from 1987 to 1992, reported that saturated 
fat was not signifi cantly associated with risk of breast 
cancer in any of the studies. These studies were carried 
out in the U.S., Canada, The Netherlands and Finland 
(267).267).267
 The Nurses’ Health Study cohort was started in 1976 
with over 121,000 registered nurses in the U.S. Dietary 
intake of various foods has been assessed several times 
since then and information on morbidity and mortality 
has been collected. Data from this cohort have been 
used to investigate possible dietary correlates with 
a number of diseases. A recent examination of data 
from the Nurses’ Health Study indicated that intake of 
meat during midlife and later was not associated with 
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development of breast cancer in 4107 women who 
developed invasive breast cancer during 18 years of 
follow-up (88). An earlier study of 2956 breast cancer 
cases, after 14 years’ follow-up, did not fi nd any evi-
dence that a lower intake of animal fat or saturated fat 
was associated with a lower risk of breast cancer (89). 
To determine whether dietary fat may have affected 
postmenopausal cancer patients differently, data were 
analyzed separately for 1071 postmenopausal cancer 
cases after 14 years’ follow-up. Neither total nor satu-
rated fat intake was associated with an increased rate 
of breast cancer (29). Recently published data from fi ve 
other cohort studies in Sweden (243;271), California 
(91), The Netherlands (261), Singapore (62) and Italy 
(183) also do not support the hypothesis that saturated 
fat or a “Western” diet is related to breast cancer inci-
dence.
 Data from the Nurses Health Study II, in which 
90,655 premenopausal women followed for eight years 
included 714 incident cases of breast cancer, did indi-
cate that higher intakes of total fat and animal fat were 
associated with a modestly increased risk of invasive 
breast cancer for premenopausal women (34).

Case–Control studies. Nine case–control studies 
on diet and breast cancer have been published within 
the past two years. Of these, three found no asso ciation 
between breast cancer and intakes of meat, saturated fat 
or total fat. Three studies reported a positive association 
with higher intakes of meat, and four studies reported 
some increase in risk associated with increased satu-
rated fat intake. No signifi cant difference in relative risk 
was observed between dietary intake of specifi c fatty 
acids, total fat, or saturated fat for 414 cases in Canada 
(177), 355 cases in Germany (177), 355 cases in Germany (177 84), and 237 cases in 
Sweden (270) and their controls. A Japanese study of 
2385 breast cancer cases and 19,013 hospital controls 
did not fi nd a signifi cant relation between breast cancer 
and a greater consumption of meat (86). But, higher 
intakes of red meat [in China (84)] and particularly if 
it was deep fried or cooked until well done [in Ger-
many (40)] were associated with an increased risk of 
breast cancer. A signifi cantly increased risk for breast 
cancer was also associated with consumption of fatty 
meat in 441 cases in the U.S. as compared to controls. 
A non-signifi cant decrease in risk was observed for 
consumption of low-fat meat (222).
 Some earlier case–control studies also indicated 
that dietary fat was not signifi cantly related to breast 
cancer, including data for 820 cases in Greece (112), 

834 cases in China (276), 220 cases in England (30), 
and a meta-analysis of 23 studies published between 
1978 and 1992 (16). Higher intakes of meat, particularly 16). Higher intakes of meat, particularly 16
red meat, were associated with breast cancer risk in the 
U.S. (249).
 Comparison of data from different studies can be 
diffi cult because of differences in methodology and 
analysis of data. One study, involving 168 cases and 
672 controls, suggests that errors in dietary measure-
ment may obscure a relation between dietary fat and 
cancer. When diet was assessed by use of a food fre-
quency questionnaire, there was no correlation between 
saturated fat intake and breast cancer; when diet was 
measured using a food diary, there was an increased 
risk of cancer at higher levels of dietary saturated fat 
(11). Analyses of data from an Italian case–control 
study involving 2569 cases of breast cancer revealed 
that the statistical method used for adjusting fat intake 
for other possible confounding factors could alter the 
signifi cance of dietary fat (43;57).43;57).43;57
 As an alternative to direct dietary assessment, two 
studies examined the fatty acid composition of serum 
lipids, which are believed to refl ect medium-term 
(weeks to months) consumption of dietary fat. Analyses 
of serum lipids from 127 breast cancer cases in Finland 
(203) and 197 cases in the U.S. (207) and their controls 207) and their controls 207
revealed that the percentage of saturated fatty acids 
was signifi cantly higher in cases. In the Finnish study, 
this was found to be primarily due to greater levels of 
palmitic acid. 

Clinical studies. Some clinical trials investigated 
the possible association between diet and breast can-
cer by feeding women carefully controlled diets and 
observing any changes in biomarkers associated with 
breast cancer. A randomized trial was conducted to 
determine the effects of a low-fat, high-carbohydrate 
diet on women with extensive areas of radiologically 
dense breast tissue, a known risk factor for cancer. After 
two years, there was a signifi cant reduction in the area 
of density in women consuming the experimental diet 
as compared to the normal diet. Analysis of the foods 
in the two diets revealed that the women on the low-fat 
diet consumed signifi cantly more  cholesterol. Saturated 
fat intake was of borderline signifi cance (118).
 In another trial, 14 women consumed, in a ran-
domized crossover fashion, both a high saturated fat 
“Western” diet and a diet with a similar amount of 
total fat but most of the saturated fat was replaced by 
polyunsaturated fat (24). There was no signifi cant dif-
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ference between serum estrogen levels or urinary estro-
gen metabolites during the two months on the different 
diets. The authors concluded that if saturated fat does 
affect cancer incidence, it apparently does not do so by 
affecting hormone levels. A year-long randomized trial 
of a low-fat, high-fi ber diet also failed to demonstrate 
a signifi cant effect on female hormone levels (63). 
Other dietary intervention trials are underway and may 
provide more useful information in the future.

Animal studies. A meta-analysis of data from 97 
reports of experiments with a total of 12,803 rodents 
examined the relationship between different dietary 
fatty acids and tumor incidence. Some polyunsaturated 
fatty acids (n-6 compounds) had a strong tumor en-
hancing effect while saturated fatty acids had a weaker 
enhancing effect (53).
 In a recent experiment, human breast cancer cells 
were inoculated into mice that were maintained on 
different diets. Tumor growth rates were highest and 
metastasis occurred in mice fed a diet high in linoleic 
acid (n-6 polyunsaturated fatty acid), whereas tumor 
growth was signifi cantly slower in mice fed a diet high 
in palmitic acid and the cancer did not spread in these 
mice (218).

Ovarian Cancer
Ovarian cancer is a major cause of cancer mortality 
in the U.S. because of the diffi culty in early diagnosis 
and the invasiveness of the disease. As with many other 
cancers there are international differences in incidence, 
which suggest that dietary or lifestyle variations may 
affect development of this cancer. A meta-analysis of 
eight case–control studies of a total of 6689 subjects 
(2529 cases), published between 1984 and 1999, indi-
cated that risk for ovarian cancer was associated with 
an odds ratio of 1.2 for saturated fat, 1.24 for total fat, 
and 1.7 for animal fat (101). Results from four of the 
eight studies controlled for total caloric intake; the oth-
ers did not. A more recent Italian study of 1031 cases of 
ovarian cancer and 2411 controls reported no increased 
cancer risk associated with higher intakes of total fat, 
saturated fat, or animal fat (10). No association was 
observed between intake of any type of fat and ovarian 
cancer in a prospective cohort (Nurses’ Health Study) 
with 80,258 cohort members and 301 incident cases of 
ovarian cancer (9).

Endometrial Cancer
Endometrial cancer has been associated with obesity 

and with use of hormone replacement therapy and 
reproductive factors that affect hormone levels. It has 
been suggested that dietary factors may also play a role 
in development of this cancer. As with some other can-
cers, case–control studies indicate that total, saturated 
or animal fat intake may be important whereas data 
from prospective cohort studies have failed to support 
this relationship. A case–control study of 20 cases and 
20 population controls in Sweden attempted to circum-
vent the recall bias that may be associated with dietary 
questionnaires and analyzed the fatty acid content of 
abdominal fat samples as a biomarker for dietary fat. 
Cases had higher concentrations of intermediate chain 
length fatty acids (C12-C16), a lower ratio of polyun-
saturated to saturated fatty acids, and lower levels of 
C18 saturated and polyunsaturated fatty acids (147). 147). 147
They also reported consuming more butter, bacon and 
whole milk. On the other hand, 221 Canadian women 
who developed endometrial cancer after 8–13-years’ 
follow-up had not reported, at baseline, diets signifi -
cantly higher in total, saturated, or animal fat than 3697 
cancer-free cohort members (107). In fact, a modest 107). In fact, a modest 107
decrease in risk was noted for higher intakes of satu-
rated and animal fats.

Prostate Cancer
Despite much research, causes for prostate cancer 
remain elusive. Incidence increases exponentially 
with age and varies by geography, family history, and 
race/ethnicity. Early epidemiological studies implicated 
dietary fat as a possible causal factor for this cancer. 
More recent studies have yielded inconsistent results 
although several studies have implicated some factor 
associated with meat or animal fat. If there is a causal 
relationship between dietary fat and prostate cancer, 
it has been suggested that it is mediated through 
effects on prostaglandin synthesis or sex hormone 
metabolism which, in turn, promote tumor growth 
(121;172;184;266;282). It has also been suggested that 
diet may not be an important factor in younger men who 
develop this cancer as compared to older men (256).
 One prospective study of 25,708 men in Norway 
followed for 3–12 years after an initial assessment 
identifi ed 72 cases of prostate cancer. Examination 
of dietary history revealed no association between 
cancer and energy adjusted intakes of total, saturated, 
monounsaturated, or polyunsaturated fats (256). An-
other prospective study (70), the Health Professionals 
Follow-Up Study, identifi ed 279 new cases of prostate 
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cancer, including 126 advanced cases, among 47,855 
participants after four years of follow-up. Dietary 
intakes of total fat, red meat, and saturated fat were 
not signifi cantly associated with incidence of prostate 
cancer in the whole group but consumption of total fat, 
red meat and butter (but not other dairy products) was 
related to an increased risk of advanced prostate cancer. 
A third prospective study of 384 men diagnosed with 
prostate cancer in Quebec elicited information on usual 
dietary intake within a few months of diagnosis. In the 
next fi ve years, 32 patients died. After controlling for 
stage of cancer, age, and total energy intake, saturated 
fat was found to be associated with disease-specifi c 
mortality (165).
 Recent case–control studies have yielded inconsis-
tent results. For 232 cases and 231 controls in Canada, 
there was some evidence of an inverse association 
between prostate cancer and intakes of total, animal, 
and saturated fats — i.e., higher fat intake was weakly 
correlated with lower cancer risk (66). No evidence for 
an association between prostate cancer risk and total 
or saturated fat was observed in a study of 328 cases 
and 328 controls in the UK although average fat intake 
of both groups was high (114). For 133 cases and 265 
neighborhood controls in China (where prostate cancer 
is relatively rare), daily fat intake was signifi cantly 
higher in cases. The calculated odds ratios for the asso-
ciation between prostate cancer and saturated fat intake 
was 2.9 while odds ratios for total and unsaturated fat 
intakes were 3.6 and 3.3, respectively (136). Animal 
fat and linolenic acid (an unsaturated fatty acid) were 
positively associated with prostate cancer among 217 
cases and 434 controls in Spain (197). Total energy 197). Total energy 197
intake was positively associated with both localized 
prostate cancer and cancers that had spread in 605 
cases of prostate cancer in the U.S. as compared to 592 
controls. Total, monounsaturated, and saturated fats 
were positively associated only with prostate cancers 
that had spread (126). When total fat, animal fat and 
saturated fat intakes of 101 prostate cancer patients in 
Serbia were adjusted for total energy intake and com-
pared to that of 202 controls, there was no signifi cant 
association between cancer incidence and fat intake. 
Adjustment of the data for 17 other nutrients yielded a 
positive correlation for the third compared to the fi rst 
tertile of saturated fat intake but the linear correlation 
was not signifi cant (259).
 Ethnicity is correlated with prostate cancer risk but 
it is not known whether this is related to heredity, diet, 

or other cultural lifestyle differences. To investigate 
possibly relevant factors, 1655 black (high risk), white 
(moderate risk), and Asian-American/Canadian (low 
risk) patients in Canada and the U.S. were compared 
with 1645 matched controls (265). Total fat intake 
was signifi cantly associated with prostate cancer risk 
in all groups. Saturated fat intake was associated with 
a higher risk for patients with an Asian background 
than for the other two groups. In all groups, risk was 
higher when cases with advanced cancer (as compared 
to total cancer cases) were compared to controls. The 
authors concluded that saturated fat may be related to 
prostate cancer risk but that other factors are largely 
responsible for ethnic differences in risk.
 Lack of an animal model for prostate cancer has 
hampered laboratory experiments to investigate the 
possible role of dietary fat in cancer development. Some 
in vitro studies with cultures of prostate cancer cells 
demonstrated that n-6 polyunsaturated fatty acids (such 
as linoleic acid) promote growth of cancer cells while 
n-3 polyunsaturated fatty acids (such as linolenic acid) 
inhibit tumor growth (184). Experiments with branched 
chain fatty acids suggest that they may be involved in 
prostate cancer development. An enzyme required for 
the metabolism of these fatty acids is overexpressed in 
most prostate cancers. Branched chain fatty acids are 
present in meat and dairy products (169).

Testicular Cancer
Testicular cancer is relatively rare and its incidence 
varies internationally, suggesting that environmental or 
lifestyle differences may contribute to the etiology of 
this disease. Several risk factors have been suggested 
for testicular cancer but there have been few studies 
on the role of diet. Results of a case–control study 
of testicular cancer (160 cases, 136 controls) in the 
U.S. indicated that higher dietary intakes of total fat, 
saturated fat, and cholesterol (adjusted for total energy 
intake) were each associated with an increased risk of 
nonseminoma testicular cancer but did not appear to 
be associated with increased risks for seminoma or 
mixed germ cell tumors (224). Another U.S. case–con-
trol study (117 cases, 334 hospital controls) indicated 
that intakes of dietary fat and saturated fat (adjusted 
for total energy intake) were not associated with an 
increased risk of nonseminoma and mixed germ cell 
types of cancer but were suggestive of an increased 
risk of seminomas (15). Both research groups caution 
that the sample sizes were small (because this disease 
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is relatively rare) and that diet during adolescence may 
be more relevant to development of testicular cancer 
than more recent dietary history. They also point out 
that diet and other environmental factors may play a 
greater role in the etiology of some types of testicular 
cancer than for others. 
 A Canadian case–control study of testicular can-
cer, involving 601 cases and 744 population controls, 
reported data that suggested that a high intake of dairy 
products, particularly of cheese, is associated with an 
elevated risk of testicular cancer. Associations between 
testicular cancer and intakes of saturated fat and total 
fat (adjusted for energy intake), luncheon meats, and 
other meats were inconsistent (65).

Other Cancers
A recent case–control study of adenoma of the esopha-
gus (124 cases) and of the distal stomach (124 cases) 
from Nebraska suggested that fat intake may be associ-
ated with development of these cancers (32). Because 
of the rapid course of this disease, a majority of cases 
had died before the researchers could interview them. 
Dietary information on 76% of the esophageal cancer 
cases and 80% of the stomach cancer cases was pro-
vided by close relatives (proxies). Data from proxy 
interviews revealed no correlation between total or 
saturated fat intake and risk of either cancer. Data from 
interviews with 31 esophageal case patients indicated 
an odds ratio risk of 4.6 for the highest compared to 
the lowest tertile of saturated fat intake; for 23 stomach 
cancer cases, the corresponding odds ratio was 3.6.

Cardiovascular Disease
Cardiovascular disease (CVD) involves a progressive 
buildup of plaque on the inside of artery walls that 
gradually narrows the internal diameter of the artery 
and may culminate in a heart attack or stroke if the 
narrowed arteries are blocked by a blood clot. This 
process of atherosclerosis may be initiated by injury 
to the epithelial lining of the artery by: (1) lipid oxida-
tion products — produced internally by oxidation of 
polyunsaturated fatty acids or consumed in the diet in 
deep fried foods; (2) smoking — from carbon monox-
ide and other toxins; (3) hypertension that produces 
shear stress; (4) bacterial or viral agents — Chlamydia 
pneumoniae and cytomegalovirus have been detected 
in diseased arteries; or (5) other compounds. Plaque 

formation begins at the site of injury and progresses 
over many years as cholesterol esters are deposited, 
macrophages consume lipid oxides and form foam cells, 
and smooth muscle proliferates in the area. A third phase 
of this process involves thrombosis or production of 
an internal blood clot by aggregation of blood platelets 
and coagulation initiated by factor VII. If the clot is not 
dissolved normally, it may occlude the plaque-fi lled 
artery causing a heart attack or stroke. 
 Numerous factors contribute to or are associated 
with this process. Serum cholesterol levels appear to 
affect plaque buildup, with LDL (low density lipopro-
tein) enhancing atherosclerotic plaque buildup while 
HDL (high density lipoprotein) transports cholesterol 
away from the arteries to the liver for elimination 
from the body. Infl ammatory mediators may also be 
involved in plaque formation and several factors affect 
clot formation. Dietary saturated fat does not appear 
to be linked to the epithelial injury that initiates the 
process of atherosclerosis but it may be involved in the 
progression of plaque formation and the formation of 
the thrombus (27;127;164;214).

Nondietary Factors Affecting Results of 
Studies of Dietary Fat and Cardiovascular 
Disease
Despite the epidemiological and clinical data de-
scribed in the following sections that support a role 
for dietary fat in the atherosclerotic process, there are 
many unanswered questions as to how dietary fat is 
involved in the development of cardiovascular disease. 
Although dietary fat intake and serum cholesterol 
levels in men aged 55–64 in Ireland and France were 
similar in 1985–1987, mortality from heart disease was 
761/100,000 in Belfast and 175/100,000 in Toulouse. 
Some other countries with relatively high fat intakes 
also have a relatively low incidence of cardiovascular 
disease (127). Low-fat diets have been shown to reduce 127). Low-fat diets have been shown to reduce 127
average serum cholesterol levels during clinical trials, 
but individuals respond differently to these dietary 
interventions. Hereditary effects on enzymes related 
to lipid metabolism and effects of gender (perhaps 
involving hormonal effects) may explain some of these 
differences. 

Genetic effects. Some of the international discrepan-
cies among epidemiological studies and the inconsistent 
results of some clinical trials may be the result of he-
reditary susceptibility to development of cardiovascular 
disease. A signifi cant interindividual variation in the 
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response of serum cholesterol levels to diets low in 
total or saturated fats is well recognized, and several 
recent reviews have discussed evidence that genetic 
differences in genes coding for apolipoproteins, lipo-
protein lipase, cholesteryl ester transfer protein, LDL 
receptor, and a number of other proteins affect whether 
an individual’s serum cholesterol levels respond favor-
ably to diets restricted in fat (123;159;258;274). Other 
recent studies have implicated variations in hepatic 
lipase (181) and scavenger receptor class B (187), both 187), both 187
of which affect HDL metabolism, as related to dietary 
effects on serum cholesterol levels.

Gender effects. Some epidemiological research has 
documented differences between males and females in 
the association between dietary fat and cardiovascular 
disease. Results from a cohort of 1225 men and 1451 
women in Great Britain with a total of 155 cardiovas-
cular deaths indicated a strong relationship between 
dietary fat and mortality from heart disease in women 
but not in men (14). There may be physiological reasons 
for these differences but the authors also suggest that 
differences between the sexes in rates of smoking and 
exercise (even though these factors were considered in 
statistical calculations) and in socioeconomic status as 
well as in the methods for gathering dietary information 
may have contributed to the differences observed.
 In a crossover clinical study, moderately hyper-
cholesterolemic men and postmenopausal women 
consumed a diet containing 25% of energy as fat, 4% as 
saturated fat and a diet with 35% of energy as fat, 14% 
as saturated fat for 6 weeks each. The lower fat diet re-
sulted in greater reductions in total cholesterol and LDL 
cholesterol in men than in women, and postprandial 
triglycerides were reduced in men but not in women. 
The lower fat diet also decreased levels of benefi cial 
HDL cholesterol in both sexes but the reduction was 
less in men (140). Other studies of normolipidemic or 
hypercholesterolemic men and women on high- and 
low-fat diets also reported that women experienced a 
larger drop in HDL levels when consuming a lower fat 
diet (37;120).

Aerobic fi tness. Despite having similar dietary 
intakes of fat, overweight, middle-aged men who were 
more aerobically fi t were found to have lower levels of 
plasma saturated fatty acids than less fi t men. This may 
be caused by differences in fat metabolism in the liver 
and muscles related to general aerobic fi tness (122).

General Epidemiological and Clinical 
Studies on Dietary Fat and Cardiovascular 
Disease
Heart disease. Coronary heart disease remains the major 
cause of premature death in affl uent countries despite 
declining rates in recent years (157). Dietary fat and 157). Dietary fat and 157
saturated fat are frequently linked to the incidence of 
cardiovascular disease and to risk factors or physi-
ological conditions correlated with heart disease. This 
general section will include studies that relate dietary 
fat to the incidence of or death from cardiovascular 
disease. Later sections will include papers related to 
diet and serum cholesterol levels, oxidative stress, and 
other conditions related to development of cardiovas-
cular disease.
 A prospective study of 80,082 women in the Nurses’ 
Health Study identifi ed 939 cases of cardiovascular 
mortality or non-fatal heart attack during 14 years of 
follow-up. After adjustment for confounding variables 
(but not for intake of dietary fi ber), saturated fat and 
trans unsaturated fat intakes were positively and sig-
nifi cantly related to cardiovascular events, but total fat 
intake was not associated with increased risk. Of the 
individual saturated fatty acids, those with less than 12 
carbons were not associated with risk while C12-C18 
fatty acids were each associated with increased risk 
(97;98).
 Data on 734 men with fatal and non-fatal coronary 
events from a cohort of 43,757 in the Health Profes-
sionals Follow-Up indicated a signifi cant positive 
 association between coronary events and dietary 
saturated fat. This relationship remained signifi cant 
after controlling for several known risk factors. But 
after adjustment for intake of dietary fi ber, saturated 
fat intake was no longer signifi cantly associated with 
non-fatal cardiac events (5). Higher intakes of saturated 
fat were related to a higher prevalence of cardiovascular 
disease among type 1 diabetics in Europe, but this rela-
tionship was also attenuated by adjustment for dietary 
fi ber intake (248).
 Other epidemiological studies reported statistically 
signifi cant associations between saturated fat intake 
and coronary heart disease mortality among ethnic 
Chinese in Singapore as compared to Hong Kong and 
mainland China (47;278) and nonfatal heart attacks in 
Costa Rica (110). Lower dietary P/S ratios (polyun-
saturated to saturated fatty acid ratios) were correlated 
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with fatal heart attacks in males (but not females) with 
type 2 diabetes in Finland (231) and lower extremity 
arterial disease in males (but not in females) in the U.S. 
(281). Still other epidemiological studies that indicate 
an association between dietary total or saturated fat 
and cardiovascular disease were summarized in recent 
review articles (96;100;124;128;214).
 In addition to epidemiological studies, numer-
ous intervention studies or clinical trials have tested 
 hypotheses concerning the role of dietary fat in devel-
opment of cardiovascular disease. A systematic review 
and meta-analysis of 27 randomized controlled trials 
involving modifi cation of dietary fat and cardiovascular 
disease (CVD) provided weak evidence that reducing 
serum cholesterol levels reduced CVD. The authors 
concluded that there was only limited and inconclu-
sive evidence of the effects of total and saturated fat 
on cardiovascular mortality and morbidity (90). Other 
reviews reported that cardiovascular disease could be 
reduced by several dietary strategies: (1) replacing 
saturated fat with polyun saturated fat (same total fat); 
(2) a Mediterranean diet with more monounsaturated 
fats replacing some saturated fats and more fruits and 
vegetables; (3) an Indian vegetarian diet; and (4) fi sh 
oil supplements (or consumption of fatty fi sh twice a 
week) (78;96;100;124;128;208;283). Some of these 
dietary changes reduced cardiovascular events but did 
not signifi cantly lower serum cholesterol levels. Most 
of these reviews concluded that reduction of dietary 
saturated fat was benefi cial to cardiovascular health, 
but one reviewer concluded that evidence from clini-
cal trials suggested it was more important to increase 
dietary unsaturated fats than to decrease saturated fats 
(180).
 Some scientists who have reviewed the literature 
on cardiovascular disease contend that some of the risk 
factors associated with cardiovascular disease are not 
causative factors and that fat or saturated fat intake may 
not be a major determinant of cardiovascular disease. 
One such proponent has written two recent reviews. In 
the fi rst, Ravnskov points out that not all epidemiologi-
cal studies support an association between dietary fat 
and CVD. In the majority of the cross-sectional stud-
ies, cohort studies, and case–control studies reviewed, 
data were not supportive of a specifi c harmful effect of 
dietary saturated fat (199). In comments on this paper, 
it was pointed out that some of the studies classifi ed as 
negative were partially supportive and that some of the 
epidemiological studies described did not adequately 

assess other factors that might contribute to CVD. 
However, some randomized clinical trials (which are 
considered a better indicator of causality) fail to offer 
proof that reducing saturated fat intake reduces CVD 
risk (73).
 A later review by Ravnskov (200) contends that 
most studies that contradict the hypothesis that dietary 
saturated fat causes cardiovascular disease are ignored. 
Dietary saturated fats do appear to increase serum 
cholesterol levels, but a reduction in serum cholesterol 
levels (in the absence of statin drugs) does not appear 
to translate into lower risk for cardiovascular disease. 
Dissenting comments on this review point out that there 
are many studies in which serum cholesterol levels 
and dietary fat are correlated with atherosclerosis and 
cardiovascular disease (264).

Stroke. A broad epidemiological survey of average 
alcohol and saturated fat intake in 17 countries was 
compared to stroke mortality in those countries. Di-
etary saturated fats and urinary sodium excretion were 
positively associated with stroke mortality (211). Serum 
fatty acids were measured in stored serum samples from 
197 Japanese cases of stroke and compared to those in 
samples from 591 controls. Percentage composition 
of myristic and palmitic acids (but not of stearic acid) 
were signifi cantly higher and of linoleic acid were 
signifi cantly lower in cases than in controls. These 
associations remained signifi cant after adjustment for 
smoking and other cardiovascular risk factors (105). On 
the other hand, a study of serum fatty acids in 96 cases 
of incident stroke and 96 age-matched controls from a 
U.S. cohort (Multiple Risk Factor Intervention Trial) 
demonstrated a positive association between stearic acid 
(but not myristic or palmitic acids) and a negative as-
sociation between linolenic acid in serum phospholipids 
and incidence of stroke. When data were adjusted for 
smoking, blood pressure and serum cholesterol levels, 
these associations were not signifi cant (225). Data from 
the large Health Professionals Follow-Up Study also 
failed to provide signifi cant evidence that dietary total 
or saturated fat was related to the incidence of ischemic 
or hemorrhagic stroke. During 14 years of follow-up 
of this group, there were 725 incident cases of stroke, 
but neither fat intake nor consumption of red meat or 
dairy products was associated with incidence of stroke 
(83).

HypertensionHypertension. Several dietary factors have been 
linked to development of hypertension. Epidemio-
logical studies in the U.S. (232) and in India (8) have 
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identifi ed multiple dietary factors, including saturated 
fat intake, associated with hypertension.

Saturated Fat and Serum Cholesterol Levels
Data from the U.S. National Health and Nutrition 
Surveys (NHANES I, II, III) documented an average 
decrease in the age-adjusted mean percentage of energy 
consumed as fat from 36.4% (in 1978) to 34.1% (1990) 
and dietary saturated fat levels decreased from 13.2% to 
11.7%. Total and LDL cholesterol levels also declined 
during this time by 8 mg/dL each (50). These data sug-
gest a correlation between serum LDL levels and dietary 
fat. Effects of a variety of dietary factors on serum 
cholesterol and lipoprotein levels were discussed in a 
comprehensive review in 2002 (214). A meta-analysis 
of 224 published studies on diet and serum cholesterol 
levels indicated that consumption of a diet containing 
less fat and less saturated fat decreased total and LDL 
cholesterol levels. A diet containing 30% of energy from 
fat with <10% from saturated fat as compared to the 
“average” American diet was predicted to lower total 
and LDL cholesterol by about 5% (95). Other popula-
tion studies have demonstrated that lower intakes of 
total or saturated dietary fat correlate with lower serum 
cholesterol levels in: 870 10–11-year-old children in 
Taiwan (33); 858 individuals with type 2 diabetes in 
the U.S. (161); and 423 adults in Taiwan compared to 
420 adults in the U.S. (152).
 However, in clinical trials, there is inter-individual 
variation in response to dietary changes, and replace-
ment of dietary fat with carbohydrates may decrease 
the “good” HDL cholesterol levels. Lower intakes of 
saturated fats have been shown to reduce serum LDL 
cholesterol in: other trials with 1182 adolescents in 
the U.S. (176); 139 healthy Australian men (139); 42 
healthy young adults in New Zealand (87); 55 over-87); 55 over-87
weight or obese postmenopausal women in the U.S. 
(28); hypercholesterolemic Canadian men (7); 14 
hypercholesterolemic subjects in the U.S., aged 46–78 
years (142); 36 hypercholesterolemic subjects in the 
U.S., aged 52–73 years (143); 162 healthy subjects in 
Australia and Europe (205); and 2868 European diabetic 
subjects (248).
 Studies of the effects of individual saturated fatty 
acids indicate that myristic acid (C14) is the most 
hypercholesterolemic while stearic acid has no ef-
fect, either positive or negative, on serum cholesterol 
levels (75;125). Myristic acid is reported to increase 
serum LDL levels by repressing receptor-dependent 

LDL transport into the liver (272). Myristic acid also 
increases serum levels of benefi cial HDL cholesterol 
(245).
 Oxidation of serum lipoproteins is also related to 
development of atherosclerosis. Consumption of a 
high-fat diet was found to increase the susceptibility 
of lipoproteins to oxidation in healthy men and women 
(275).
 Serum cholesterol levels are very likely related to 
heart disease and some populations with the highest 
rates of coronary heart disease mortality have high total 
and LDL cholesterol levels. One such population is 
located in northern Norway where approximately 25% 
of 13–14-year-old students had total cholesterol levels 
>200mg/dl. Dietary fat intake of these students was 
estimated at 30–34% of energy (25). However, there 
are other populations with very low rates of CVD in 
spite of having “unfavorable” LDL and HDL choles-
terol levels. An example is a group of people living on 
Trobriand Islands in the Pacifi c. The diet of these people 
includes about 69% of energy from carbohydrate and 
21% from fat, including 17% from saturated fat. LDL 
levels are higher and HDL levels are lower than what 
is considered healthy for Western populations. Never-
theless, CVD appears to be absent among Trobriand 
Islanders (145). Certainly there are other dietary and 
lifestyle and probably genetic differences between these 
populations that also affect development of CVD.

Saturated Fat and Infl ammatory Mediators
C-reactive protein (CRP) is a marker of infl amma-
tion that has been associated with development of 
cardiovascular disease. Analysis of data from 4900 
participants in the NHANES survey from 1999–2000 
indicated that saturated fat consumption was modestly 
associated with CRP levels (116). However, a clinical 
trial utilizing diets with six different fat components 
found that the saturated fat (butter)-containing diet 
did not increase CRP levels as compared to the other 
diets with unsaturated fats. This discrepancy may be 
explained by another epidemiological study in which 
dietary intake was compared to infl ammatory media-
tors in overweight and lean subjects. An association of 
CRP levels and interleukin–6 levels with saturated fat 
was only observed in the overweight subjects (54). In 
subjects with moderately elevated serum cholesterol 
levels, a clinical trial with a diet containing butter as 
compared to soybean oil was associated with higher 
levels of interleukin-6 and interleukin-1β but the differ-
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ences were not statistically signifi cant (79). A high-fat 
meal was also associated with interleukin-18 levels in 
type 2 diabetics (51).

Saturated Fat and Arterial Endothelial 
Function
Impaired endothelial function in arteries is an early 
stage in atherosclerosis, and this reduced function has 
been correlated inversely with the proportion of total 
serum saturated fatty acids, particularly of myristic acid 
in men (but not in women) (234). High saturated fat 
meals decreased endothelial function in healthy males 
compared to a low-fat meal (175). Effects of unsaturated 
and saturated fatty acids on endothelial function were 
discussed in a recent review (36).

Saturated Fat and Thrombus (Clot) 
Formation 
Several sets of reactions, involving a number of factors, 
occur as blood coagulates and clots form. Coagulant 
activity of factor VII (VIIc) is predictive of fatal heart 
disease, and it appears that factor VII concentration 
determines the severity of thrombosis. Total dietary 
fat has a long-term effect on this process by increas-
ing plasma factor VII antigen concentration. When 
the usual diet is rich in saturated fatty acids, there is 
also an acute effect whereby some of the factor VII 
is converted to active form for several hours after a 
meal. Fibrinogen is also involved in clotting reactions; 
concentrations are higher in men at high risk for heart 
attacks and appear to be predictive of both fatal and 
nonfatal cardiac events. However, fi brinogen concen-
trations do not appear to be infl uenced by dietary fat 
content or composition (168).
 Factor VII coagulant activity decreased by 11% in 
premenopausal women after they consumed a lower 
fat (30% of calories) diet for 20 weeks as compared 
to a diet with 38% of calories as fat (19). In another 
test of the effects of dietary fat on VIIc, 25 healthy 
women consumed diets containing high or low levels 
of saturated fats or high levels of unsaturated fats for 
three weeks each. After the high saturated fat diet, VIIc, 
fasting activated factor VII, and factor VII antigen 
levels were all higher than following the other two 
diets. However, both high fat diets caused an increase 
in activation of factor VII after a meal as compared to 
the low-fat diet (146). It appears that both quantity and 
composition of dietary fat are  important.
 In a clinical trial with healthy young men, no dif-

ference in VIIc or other blood coagulation factors was 
noted after two weeks of consuming diets containing 
38% of calories as fat, primarily as stearic, oleic or 
linoleic acids (104). Following consumption of a diet 
enriched with stearic acid for 40 days, blood platelets 
and some other hemostatic factors were less activated 
than following a diet enriched in palmitic acid (215).

Obesity
Obesity is increasing worldwide and has become a 
major health concern because it is associated with 
numerous chronic diseases. Many scientifi c articles 
on this topic have analyzed the relationship between 
obesity and diabetes, cardiovascular disease, and can-
cer. In this review, the question of primary importance 
is: Is a diet high in saturated fats associated with the 
development of obesity? Certainly excess calories from 
fats and carbohydrates will cause weight gain if there 
is no compensatory increase in exercise to utilize this 
energy intake. Beyond the imbalance between energy 
intake and expenditure, do saturated fats have specifi c 
physiological effects, for example on hormone levels, 
that promote fat cell formation or fat deposition, more 
than other fats or carbohydrates? Some data reviewed in 
2002 indicate that dietary fat may affect food intake, by 
its effects on metabolic signals and hormones, and may 
affect fat deposition, by decreasing fatty acid oxidation 
and increasing fat synthesis. The physiological effects 
of a high-fat diet are complex and also depend on the 
activity level and genetics of an individual (81).
 Some research indicates that some fatty acids are 
oxidized more rapidly than others. If saturated fatty 
acids are more likely to be stored than to be oxidized 
to produce energy, then a diet high in saturated fats 
might be more conducive to obesity. Six male subjects 
consumed two diets differing in the ratio of polyun-
saturated to saturated fats (P/S ratio) for two weeks 
each to determine different effects on energy metabo-
lism. When fed a diet with a P/S ratio of 1.67, resting 
metabolic rate and diet-induced thermogenesis were 
both higher than with a diet with a P/S ratio of 0.19 
(141). To investigate the in vivo oxidation of different 
fatty acids, four volunteers consumed heated meals 
containing labeled saturated fatty acids [C12 (lauric), 
C16 (palmitic), or C18 (stearic)] or a C18 unsaturated 
fatty acid. Lauric acid was the most highly oxidized, 
followed by the unsaturated fatty acids; stearic acid 
was oxidized the least (44). These results indicate that 
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saturated fats are oxidized more slowly than unsaturated 
fats. In a comparison of fat oxidation rates after a meal, 
14 volunteers consumed meals rich in monounsaturated 
fat (olive oil) or saturated fat (cream). Fat oxidation rate 
was signifi cantly greater and carbohydrate oxidation 
was lower after the meal containing olive oil (189). 
 Epidemiological data comparing fat intake in vari-
ous countries with incidence of obesity and migrant 
studies, comparing migrants to the U.S. with others 
who did not migrate from their home country, support 
a positive association between dietary fat and obesity. 
However, recent reviews presenting evidence from 
medium- and long-term trials, weight loss studies, 
and intervention trials conclude that dietary fat is not 
the major determinant of body fat. During the past 
two decades there has been a substantial decline in 
percentage of dietary energy from fat in U.S. diets but 
a massive increase in the prevalence of obesity. Other 
lifestyle factors, in particular lack of exercise, are 
likely to be major factors responsible for the obesity 
epidemic. Other dietary factors such as the glycemic 
index (related to content of refi ned, rapidly absorbed 
carbohydrates) and genetic factors may also contribute 
to development of obesity (151;195;268).
 Some recent epidemiological studies report no 
signifi cant association between dietary fat, as assessed 
by questionnaires, and body mass index (BMI) or other 
measures of adiposity. Fat intake, including saturated 
fat intake, was only weakly correlated with amount of 
adipose tissue or BMI in 349 white adults in the U.S. 
(132); 2868 persons with type 1 diabetes in Europe 
(247); 27,862 adults in Greece (247); 27,862 adults in Greece (247 251); and 181 children 
in Canada (69). Overall, evidence linking dietary satu-
rated fats to body fatness appears to be weak according 
to a review of earlier work (6).
 Results from other studies indicate that dietary fat 
may contribute to an increase in adiposity. Higher levels 
of dietary fat were correlated with increased body fat-
ness in 128 male Canadians (46); 85 obese Spaniards 
(64); and 15,266 males in the U.S. (213). Percentage 
of dietary energy from total fat (but not saturated fat) 
was signifi cantly associated with indices of adiposity 
in 221 non-obese French girls but was not signifi cant 
for 280 French boys (155). 
 Another approach to assessing the importance of 
dietary fat to obesity involves examining the effects of 
low-fat diets as compared to low-carbohydrate diets on 
weight loss. Overall, in the short-term trials to date, the 
data indicate that persons lose weight on both types of 

diets and may, in fact, lose weight faster on the low-
carbohydrate diets. However, neither diet appears to be 
better than the other at producing a weight loss that is 
maintained in the long term (195;268). A randomized 
crossover trial of 8 obese men in Australia involved 
consumption of diets high in saturated fat or in mono-
unsaturated fat for four weeks each. A slightly greater 
average weight loss (2.6 vs. 2.1 kg) occurred on the high 
saturated fat diet compared to the high monounsaturated 
fat diet (190). Another dietary intervention in the U.S. 
with 23 obese patients with atherosclerosis found that 
body weight and percent fat decreased during 6 weeks 
on a high saturated fat (up to 50% of energy consumed) 
diet that contained no starch (82).
 Results of two six-month comparisons of low-carbo-
hydrate and low-fat diets both indicated that weight loss 
was greater on the very low carbohydrate diet (21;209). 
Subjects on the low carbohydrate diets increased total 
fat intake to 41% of calories in one study and 50% of 
calories (with 20% as saturated fat) in the other study. 
Both studies reported some issues with dietary compli-
ance which may affect the effectiveness of these diets 
in long term weight loss programs. But both studies 
demonstrated that diets containing high levels of fat 
and saturated fat can result in weight loss rather than 
weight gain.
 One recent review suggests that certain fatty acids 
may affect weight gain and loss by interacting with 
receptors that determine insulin responsiveness and 
satiety (20). However, a trial with food enriched in 
either saturated or monounsaturated fats fed to lean 
volunteers demonstrated no difference in satiety (3).
 Genetic factors are believed to be responsible for a 
high percentage of the population variance in obesity. 
Therefore, it could be that persons with some genetic 
traits are more susceptible to high levels of dietary fat 
than others. In a study of 334 female twins in the UK, 
no gene–environment interactions involving total or 
saturated fat intakes were observed (74). However, an 
analysis of PPARγ (peroxisome proliferator-activated 
receptor γ) genes in 2141 subjects from the Nurses’ 
Health Study indicated that there was an interaction 
between genotype and dietary fat in relation to BMI 
(163). Among women with two wild-type alleles, those 
with the highest intake of dietary total or saturated 
fat had the greatest BMI. This relationship was not 
observed in women with one or two variant alleles. 
Thus PPARγ genotype may be a factor in determining 
physiological responses to dietary fat.
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 Approximately a decade ago, the compound leptin 
was hailed as the “obesity hormone” because it is pro-
duced primarily by fat cells and acts to reduce food 
intake and increase energy expenditure in laboratory 
animals. Numerous animal experiments have dem-
onstrated that dietary fat and saturated fat can affect 
leptin production and leptin receptors. Leptin levels 
increase as dietary fat and saturated fat increase but 
obese humans and animals appear to develop leptin 
resistance such that this compound is no longer as ef-
fective in regulating appetite and fat metabolism. This 
may be a result of impaired leptin-receptor signaling 
or reduced transport of leptin into the brain (85;92). 
Such experiments indicate that dietary fat and saturated 
fat may have effects beyond their caloric value. They 
may alter leptin-mediated reactions and may also affect 
formation of new fat cells (223).

Diabetes
A rapid increase in non-insulin-dependent diabetes 
mellitus (NIDDM, also known as type 2 diabetes) has 
accompanied the dramatic increase in obesity among 
middle-aged and older people, and the two are thought 
to be causally related (38;102). (Type 1 diabetes, in-
sulin-dependent diabetes, usually occurs in childhood 
when pancreatic cells fail to produce insulin.) NIDDM 
patients produce insulin but their tissues have become 
resistant or insensitive to this hormone. Therefore, cells 
such as those in skeletal muscles do not readily take up 
glucose from the blood and serum glucose levels rise. 
At high blood concentrations, glucose reacts with amino 
groups of proteins, including those in hemoglobin. 
Glycated hemoglobin (HbA1C) levels are considered a 
measure of blood glucose levels during the previous 6–8 
weeks. Hyperinsulinemia also occurs in NIDDM as the 
body attempts to compensate for insulin resistance by 
producing more insulin. Long-term elevated induction 
of insulin activity can damage the pancreatic β-cells that 
produce insulin, causing a subsequent decline in insulin 
levels. Elevated serum glucose and insulin concentra-
tions and insulin sensitivity are often used as measures 
of a pre-diabetic or diabetic condition.

Reviews. Several recent articles have reviewed 
previous animal experiments and epidemiologi-
cal  studies and discussed the possible effects of 
dietary components on the development of diabetes 
(38;99;102;144;204;257). A high-fat diet generally has 38;99;102;144;204;257). A high-fat diet generally has 38;99;102;144;204;257
a negative effect on glucose metabolism and induces 

diabetic changes in laboratory animals. Epidemiologi-
cal studies in humans also implicate high-fat diets in 
the development of diabetes. However, the signifi cance 
of the association between dietary total or saturated 
fat and diabetes is often lost when data are adjusted 
for body mass index (a measure of obesity). Obesity 
and lack of exercise appear to be major determinants 
of type 2 diabetes. There are some studies indicating 
that high intakes of saturated fat are associated with 
insulin resistance. Higher proportions of saturated fatty 
acids in serum cholesterol esters and cell membranes 
were directly correlated with insulin resistance. The 
presence of more saturated fatty acids in membranes 
could affect transport of materials in and out of cells 
and the binding of insulin to cells. Results of clinical 
trials of feeding diets varying in total or saturated fat 
content have been inconsistent.

Recent general epidemiological studiesRecent general epidemiological studies. Epidemio-
logical studies published during the past 3 years also 
produced variable results. Data from the Iowa Womens’ 
Health Study [cohort of 35,988 women followed for 11 
yr, 1890 incident cases of type 2 diabetes (166)] and 
the Health Professionals Follow-Up [cohort of 42,504 
men, followed for 12 yr, 1321 incident cases of type 2 
diabetes (254)] demonstrated that total and saturated 
fat intakes were not associated with development of 
diabetes after adjustment for body mass index and 
other confounding factors. No dietary differences in 
saturated fat intake were noted between 90 men who 
developed diabetes or impaired fasting glycemia and 
805 other cohort members followed for four years in 
Finland (130). However, at baseline, there was a higher 
proportion of saturated fatty acids in serum fatty acids 
of the men who later developed diabetes. A higher 
baseline proportion of saturated fatty acids was also 
present in phospho lipids and serum cholesterol esters 
of 252 people who developed diabetes compared to 
2657 other U.S. cohort members after nine years of 
follow-up (262). The multinational Mediterranean 
Group for the Study of Diabetes reported an association 
between intakes of total and animal fat and develop-
ment of diabetic or pre-diabetic conditions. Lack of 
exercise and a family history of diabetes were also 
strongly correlated with development of type 2 diabe-
tes (244). The prospective Japanese Hisayama study 
of 1075 subjects found 24 cases of diabetes and 119 
cases of glucose intolerance after 5–6 years of follow-
up. Females with glucose intolerance had a decreased 
dietary P/S ratio (ratio of polyunsaturated to saturated 
fatty acids) after follow-up as compared to the diet of 
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those who remained healthy, but the P/S ratio was not 
associated with glucose intolerance in males (117). 117). 117
Two case–control studies of diabetes occurring during 
pregnancy (gestational diabetes) reported that intakes of 
total and saturated fat were signifi cantly higher among 
cases than controls (12;170).

Serum insulin levels. Hyperinsulinemia is a marker 
for insulin resistance. Higher serum insulin concen-
trations were associated with higher levels of dietary 
saturated fats in several epidemiological and clinical 
studies: 652 U.S. males (185), 389 elderly Dutch males 
(55), 16 obese, Danish, type 2 diabetics (35), 1069 
persons in the U.S. (158). Higher dietary saturated fat 
was also associated with greater insulin secretion in rats 
(246). Other research studies reported that saturated fat 
intake did not increase insulin secretion: 173 men in 
England (220), 8 Austrian men (52), and 74 Swedish 
women (133). 

ββ-cell function. As type 2 diabetes progresses, there 
is a progressive deterioration in the insulin secretory 
function of the β-cells of the pancreas. One proposed 
mechanism for the deleterious effects of saturated fatty 
acids on glucose metabolism is a toxic effect on β-cells. 
Several in vitro studies with β-cells from rats, hamsters, 
and humans demonstrated that saturated fatty acids 
caused death of β-cells; monounsaturated fatty acids 
could exert a protective effect (48;49;153;154;191). 
High-fat diets signifi cantly decreased insulin secretion 
and elevated triglyceride levels in mice (269). However, 
recent experiments in rats do not support the theory 
that exposure to excess saturated fatty acids impairs 
glucose-stimulated insulin secretion (45).

Serum glucose levelsSerum glucose levels. Some epidemiological evi-
dence supports a positive correlation between dietary 
fat and diabetes. In studies using glycated hemoglobin 
as a marker of elevated blood glucose levels, HbA1C

levels were positively correlated with dietary saturated 
fat in 150 diabetics in New Zealand (76); total dietary 
fat and negatively correlated with P/S ratio in 6223 non-
diabetics in England (80); and higher total energy and 
energy-adjusted saturated fat intakes in 1773 healthy 
people in Europe (13). Randomized crossover trials 
utilizing different diets for three-week periods found 
that glucose tolerance was less with a saturated fat as 
compared to a monounsaturated fat diet for 10 healthy 
females in Finland (253) but was similar for 15 NIDDM 
patients in Denmark whether they consumed low fat/
high carbohydrate or high palmitic acid or high stearic 
acid diets (237). Saturated fat intake was not related to 237). Saturated fat intake was not related to 237

impaired glucose tolerance or to serum glucose levels 
after a glucose tolerance test in 74 postmenopausal 
women in Sweden (133).

Insulin sensitivity/resistanceInsulin sensitivity/resistance. Correlations of dietary 
variables demonstrate an inverse relation between 
insulin sensitivity and total energy or fat intake but 
this relation often becomes nonsignifi cant when data 
are adjusted for body fat or BMI. In recent studies this 
was true for 74 postmenopausalwomen in Sweden 
(133) and 1173 male and female subjects in the U.S. 
(162). Different fatty acids in plasma phospholipids (as 
a measure of dietary intake) were not correlated with 
insulin sensitivity in elderly diabetic subjects (156). 
Higher intakes of total and saturated fat were associ-
ated with fasting insulin levels in 38 subjects, nine of 
whom were diabetic or had impaired glucose tolerance 
(149).
 Several clinical trials have tested the short-term ef-
fects of different diets on insulin sensitivity. Two studies 
[a four-week, randomized, double-blind crossover trial 
with diets high in saturated, monounsaturated, or trans
fats (150) and a one-week crossover diet with diets high 
in saturated, polyunsaturated, or monounsaturated fats 
(52)] reported that there was no variation in insulin 
sensitivity with the different types of dietary fat. Two 
other trials [a four-week, randomized, crossover trial 
with diets high in saturated, monounsaturated, or a high 
carbohydrate diet (186) and fi ve-week, randomized, 
crossover trial with diets high in saturated or polyun-
saturated fats (238)] reported that insulin sensitivity 
was lowest on the saturated fat diet. 

Parkinson’s Disease
Since data from previous epidemiological studies on 
the effects of dietary fat on development of Parkin-
son’s Disease (PD) have been inconclusive, dietary 
information from 359 incident cases of PD in two 
large prospective cohorts (Nurses’ Health Study and 
Health Professionals Follow-Up Study) was analyzed 
and compared to others in these cohorts who did not 
develop this disease. Intakes of total fat and saturated 
fat were not signifi cantly related to disease incidence 
in either males or females. Higher intakes of animal fat 
were associated with an increased (but not statistically 
signifi cant) risk for PD in men and a decreased risk for 
PD in women (31).
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