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Coronary heart disease (CHD) remains one of the 
leading causes of death in the United States and other 
industrialized nations. A better understanding of 
modifi able risk factors for CHD is critical in order 
to effectively prevent this disease. Dietary factors 
known to infl uence the risk of CHD include satu-
rated fats, trans-fats, and polyunsaturated fatty acids. 
Although higher plasma levels of low-density lipo-
protein cholesterol are associated with an increased 
risk of coronary disease and lipid-lowering therapy 
has been shown to reduce the risk of cardiovascular 
disease, the relation between dietary cholesterol and 
the risk of CHD is not clearly understood. This arti-
cle reviews the current evidence on the association 
between dietary cholesterol and the risk of CHD.

Introduction
Despite a decline in the death rate from coronary heart 
disease (CHD) from its peak in 1968, CHD remains a 
major public health issue in the United States and other 
industrialized nations. In 2005, CHD was the cause of one 
of every fi ve deaths in the United States, and in 2009 it is 
estimated that nearly 800,000 Americans will suffer a fi rst 
heart attack and about half that number will experience a 
recurrent attack [1]. Although 47% of the decline in CHD 
deaths has been attributable to treatment (ie, revascular-
ization, secondary prevention after myocardial infarction, 
treatment of dyslipidemia or hypertension), about 44% of 
the reduction in CHD deaths has been accounted for by 
changes in risk factors, such as lower prevalence of smok-
ing, increased physical activity, and lower cholesterol [2]. 

Contrary to a Mediterranean-type diet, a Western-type 
diet, which is rich in cholesterol and other atherogenic 
factors, is positively associated with CHD risk. Plasma 

low-density lipoprotein (LDL) cholesterol, low levels of 
high-density lipoprotein (HDL) cholesterol, and the ratio 
of total cholesterol or LDL cholesterol to HDL cholesterol 
have been shown to increase the risk of CHD. In addi-
tion, numerous clinical trials have demonstrated benefi cial 
effects of lowering plasma LDL on the risk of CHD and 
on the prognosis in CHD patients. In contrast, data on the 
association between dietary cholesterol and plasma cho-
lesterol or CHD have been inconsistent. It is important to 
elucidate the role of dietary cholesterol on the diet–heart 
hypothesis. In this article, we review current evidence on the 
association between dietary cholesterol and CHD risk. We 
fi rst describe common sources of dietary cholesterol, then 
review data on the relation between dietary cholesterol and 
hard CHD end points as well as subclinical disease, and 
lastly discuss possible physiologic mechanisms that might 
support a causal inference and the role of genetic factors on 
the dietary cholesterol–CHD hypothesis. 

Sources of Dietary Cholesterol 
and Current Recommendations
Cholesterol is a component of cell membranes and is used 
to synthesize steroids, including vitamin D. Because of the 
endogenous production of cholesterol by the liver, dietary 
cholesterol is not essential to meet the daily demand in 
adults and children aged 2 years and older. Major sources of 
dietary cholesterol among adults in the United States include 
egg yolk, beef and other red meat, organ meat, shellfi sh, 
poultry, whole milk, whole-fat dairy products, and mixed 
dishes that contain cheese, butter, or fatty meat [3]. Simi-
larly, among children in the United States ages 2 through 5 
years, dietary cholesterol is mainly provided by eggs (30%), 
whole milk (11%), sweet grain products (7.9%), beef (6.7%), 
and poultry (5.6%) [4]. Of note, for younger children, breast 
milk is an important source of dietary cholesterol (contain-
ing about 10–15 mg of cholesterol per deciliter). The 2005 
dietary guideline for adults in the United States [5] and The 
National Cholesterol Education Program Adult Treatment 
Panel III [6] recommend daily intake of less than 300 mg/d 
of cholesterol for healthy adults and less than 200 mg/d of 
cholesterol for people with elevated LDL cholesterol. For 
translation into foods, an average egg yolk provides about 
200 mg of cholesterol, and 3 ounces of cooked beef liver 
contains about 300 mg of cholesterol.
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Dietary Cholesterol and CHD
Following the demonstration by the Framingham Heart 
Study during the early 1960s that elevated plasma 
total and LDL cholesterol levels are associated with an 
increased risk of CHD, subsequent investigations con-
fi rmed those fi ndings along with a CHD risk reduction 
associated with LDL cholesterol lowering. In contrast, 
fi ndings on the relation between dietary cholesterol and 
CHD have been inconsistent, raising the question of 
whether a higher intake of dietary cholesterol translates 
into higher plasma levels of cholesterol with subsequent 
increased risk of CHD events. Positive studies relating 
dietary cholesterol with CHD include the Seven Countries 
Study [7], which showed a positive correlation between 
dietary cholesterol and 25-year CHD mortality (r = 0.55; 
P < 0.05). Specifi cally, the lowest CHD death rate was 
observed in Greece and Japan, with a dietary cholesterol 
intake of 141 to 170 mg/d, whereas eastern Finland had 
the highest mortality rate (28.8%) and was one of the top 
four sites with the highest dietary cholesterol intake (537 
mg/d). The interpretation of these fi ndings is limited by 
the ecological design, which precludes the assessment of 
individual risk and adequate control for confounding fac-
tors. In particular, it is unclear whether such observation 
is independent of saturated and trans-fatty acid intakes, 
which are highly correlated with dietary cholesterol and 
are known to increase CHD risk. Other investigators 
have reported a positive association between average cho-
lesterol intake and CHD rate [8]. In the Honolulu Heart 
program [9], dietary cholesterol was positively associated 
with the risk of CHD and myocardial infarction or CHD 
death after 10 years of follow-up after adjustment for age, 
blood pressure, exercise, serum cholesterol, smoking, and 
weight (cases had on average an excess of 15 mg of dietary 
cholesterol per 1000 calories compared with non-cases). 
In the Western Electric Study, the adjusted hazard ratio 
for CHD death was 38% higher in the highest category of 
dietary cholesterol (289–590 mg of cholesterol per 1000 
kcal) compared with the lowest-intake group (81–186 mg 
of cholesterol per 1000 kcal; relative risk of 1.38; 95% 
CI, 1.00–1.90) [10].

In contrast, other reports did not fi nd an association 
between dietary cholesterol and CHD. Neither the Framing-
ham Heart Study [11] nor the Lipid Research Clinics Study 
[12] found a statistically signifi cant association between 
dietary cholesterol and incident CHD or mortality in men 
and women. Among more than 80,000 nurses [13] and 
43,000 male health professionals [14], dietary cholesterol 
was not associated with CHD after adjustment for con-
founders including energy, polyunsaturated fats, trans-fats, 
and saturated fats (all factors that are related to cholesterol 
levels). This inconsistency across studies examining the 
relation between dietary cholesterol and CHD extends to 
investigations of egg intake, which provides about 30% of 
dietary cholesterol in the American diet [15]. 

In a case-control study, egg consumption was not asso-
ciated with nonfatal myocardial infarction among Italian 

women (odds ratio of 0.8 comparing highest vs lowest ter-
tile; P > 0.05) [16]. Likewise, other studies did not fi nd an 
association between eggs and CHD [17,18]. In the Nurses’ 
Health study and Health Professionals Follow-up study, 
egg consumption was not associated with CHD among 
nondiabetic individuals; however, egg intake was related 
to an increased risk of CHD among diabetic women (50% 
increased risk) and men (100% increased risk) [19]. In the 
Oxford Vegetarian Health Study, consumption of six or 
more eggs per week was associated with a nearly three-
fold increased risk of CHD death compared with intake 
of less than one egg per week (relative risk of 2.7; 95% 
CI, 1.2–6.0) [20]. Among male physicians, no association 
between egg consumption and myocardial infarction was 
reported [21•]; however, when restricted to men with type 
2 diabetes, there was a nonsignifi cant relation between 
eggs and CHD and a strong and positive relation between 
egg consumption and all-cause mortality (twofold 
increased risk with intake of fi ve or more eggs per week). 
The higher susceptibility of diabetic individuals may be 
partly explained by a positive association between eggs or 
dietary cholesterol and incident diabetes, as demonstrated 
in two large cohorts of men and women [22••]. However, 
additional studies to elucidate the underlying mechanisms 
are needed. A summary of prospective studies on dietary 
cholesterol or egg consumption and CHD with available 
data on adjusted relative risks is presented in Table 1.

Dietary Cholesterol and Subclinical Disease
To date, little attention has been devoted to the association 
between dietary cholesterol and subclinical atherosclerosis 
(including intima-media thickness, coronary artery cal-
cium, or ankle-brachial index). In a crossover trial of 49 
healthy adults, a 6-week intervention with two eggs per day 
was not associated with a statistically signifi cant change in 
endothelial function measured by fl ow-mediated dilation 
[23]. It is unclear whether a long-term intervention with 
eggs would yield similar results. It is not known if there are 
pathophysiologic mechanisms that could support a causal 
relation between dietary cholesterol and CHD. 

Dietary Cholesterol, Physiologic Mechanisms, 
and CHD 
The diet–heart-hypothesis postulates that a diet that is 
low in polyunsaturated fat but high in saturated fat and 
cholesterol may lead to elevated plasma cholesterol with 
subsequent development of atherosclerosis and CHD as 
the end point. Does current evidence lend support to an 
increase in plasma cholesterol following an intervention 
with dietary cholesterol?

Based on many well-designed feeding studies, it is esti-
mated that every 100 mg/d of dietary cholesterol would 
result on average in an increase of total plasma choles-
terol of 2.2 to 2.5 mg/dL [24–26]. Both LDL and HDL 
cholesterol appear to be infl uenced by dietary cholesterol 
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(increase of 1.9–2.1 mg/dL of LDL and 0.40–0.44 mg/dL 
of HDL per 100 mg/d of dietary cholesterol [24,26], so 
that the ratio of LDL to HDL is not altered [24,27–29]. 
Because the ratio of LDL to HDL is the most important 
predictor of CHD, it is not surprising that several studies 
did not fi nd a positive association between dietary choles-
terol and incident CHD. 

The common limitation across most published 
studies is the lack of consideration of heterogeneous 
response to a diet high in cholesterol. It is postulated 
that about 15% to 25% of the population is sensitive to 
dietary cholesterol, leaving the majority with a minimal 
response. Because the difference in plasma cholesterol 
response to dietary cholesterol between hyper- and 
hyporesponders is about threefold, it would be impor-
tant to examine whether dietary cholesterol is associated 
with CHD among hyperresponders. As reviewed by 
McNamara [26], the difference appears to affect LDL 
but not HDL, so 100 mg/d of dietary cholesterol leads to 
a 2.84-mg/dL increase in LDL in hyperresponders versus 
a 0.76-mg/dL increase in hyporesponders. It is possible 
that homeostatic processes may downregulate choles-
terol absorption and de novo synthesis in response to an 
increased dietary cholesterol intake [30,31], especially 
among hyporesponders. Furthermore, the effects of 
dietary cholesterol on plasma lipoproteins are infl uenced 
by the presence of obesity and insulin resistance [32]. A 
4-week intervention with four eggs per day resulted in 
an increase in non–HDL cholesterol in lean and insulin-
sensitive individuals but not in individuals who were lean 
and insulin resistant or those who were obese and insu-
lin resistant [33]. Obesity is associated with an increased 
secretion of biliary cholesterol [34], which may inhibit 
dietary cholesterol absorption [35]. 

Infl ammation plays an important role in the devel-
opment of atherosclerosis and CHD. However, few 
studies have examined the relation between dietary 
cholesterol and markers of infl ammation. In a crossover 
trial of healthy individuals, four eggs per day increased 
plasma levels of C-reactive protein and serum amyloid 
A after 4 weeks of intervention. However, this response 
was limited to participants who were lean and insulin 
sensitive; in obese or insulin-resistant participants, egg 
consumption had no effect on infl ammatory biomarkers 
[33]. Limited and inconsistent data have been reported 
on the association between dietary cholesterol and blood 
pressure. Consumption of two eggs per day for 12 weeks 
had no effect on blood pressure in 26 male students 
[36]. In another study, consumption of one egg per day 
for 3 weeks had no effects on blood pressure among 
17 students [37]. Oh et al. [38] reported no association 
between eggs (four per day for 4 weeks) and systolic or 
diastolic blood pressure in 11 participants. Others have 
also reported no relations between egg consumption and 
blood pressure [39]. In contrast, data from 418 Seventh-
day Adventist volunteers in Australia show a positive 
relation between egg consumption and blood pressure 
(10.5 mm Hg and 5.9 mm Hg higher with intake of 
one or more eggs per day compared with less than one 
egg per month for systolic and diastolic blood pressure, 
respectively, adjusting for age, sex, height, and weight) 
[40]. Unfortunately, these results were not adjusted for 
energy intake, dietary fi ber, saturated fats, trans-fats, or 
polyunsaturated fats, all of which are major confounders 
for dietary cholesterol association. 

It is possible that dietary cholesterol may infl uence the 
risk of CHD via glucose metabolism pathway. It is known 
that people with diabetes have a threefold to fi vefold 

Table 1. Prospective studies of dietary cholesterol or egg consumption and coronary heart disease

Study 
Patients, n 
(age range) Follow-up Outcome Multivariable adjusted RR (95% CI) 

Shekelle and 
Stamler [10]

1824 men 
(40–55 y)

25 y CHD death 1.38 (1.00–1.90) for ≥ 289 mg of 
cholesterol/1000 kcal vs < 186 mg 

of cholesterol/1000 kcal 
(RR adjusted for age only)

Hu et al. [13] 80,082 women 
(34–59 y)

14 y CHD 1.17 (0.92–1.50) for 5th vs 1st quintile 
of dietary cholesterol

Ascherio et al. [14] 43,757 men 
(40–75 y)

6 y Total  CHD 1.03 (0.81–1.32) for 422 mg/d 
vs 189 mg/d of dietary cholesterol

Hu et al.  [19] 37,851 men 
(40–75 y)

8 y Nonfatal and 
fatal CHD

Men: 1.08 (0.79–1.48)  for ≥ 7 eggs/wk 
vs < 1 egg/wk

80,082 women 
(30–55 y)

14 y Women: 0.82 (0.60–1.13)  for ≥ 7 
eggs/wk vs  < 1 egg/wk

Mann et al. [20] 10,802 men and 
women (16–79 y)

13.3 y CHD death 2.7 (1.2–6.0) for ≥ 6 eggs/wk 
vs < 1 egg/wk

Djousse and 
Gaziano [21•]

21,327 men 
(40–86 y)

20 y Myocardial infarction  0.90 (0.72–1.14) for ≥ 7 eggs/wk 
vs < 1 egg/wk

CHD—coronary heart disease; RR—relative risk.
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increased risk of CHD. Dietary cholesterol and egg con-
sumption have been associated with an increased risk of 
type 2 diabetes [22••,41,42] and gestational diabetes [43]. 
These data are consistent with animal and human studies, 
showing a positive relation between dietary cholesterol and 
infl ammation and a reduced risk of incident diabetes after 
treatment with 3-hydroxy-3-methylglutaryl coenzyme A 
reductase inhibitors [44], drugs that are known to lower 
both plasma cholesterol and infl ammatory markers [45]. 

Future Directions in Research
Current evidence indicates that dietary cholesterol has 
a modest effect on plasma cholesterol (1.9-mg change in 
LDL and 0.4-mg change in HDL per 100 mg/d of dietary 
cholesterol) in the general population; more importantly, 
dietary cholesterol does not appear to infl uence the ratio 
of LDL to HDL cholesterol (the most important predictor 
of CHD) in the general population. However, for 15% to 
25% of the population that is sensitive to dietary choles-
terol (ie, hyperresponders), dietary cholesterol appears to 
have an important infl uence on LDL cholesterol, whereas 
its effect on HDL is similar between hyporesponders and 
hyperresponders. The implication of this heterogeneous 
response is that the true effect of dietary cholesterol on 
CHD could be biased by unbalanced distribution of indi-
vidual-response types. In addition, few prior studies have 
accounted for possible confounding by diabetes status, 
which has been shown to 1) infl uence individual response 
to dietary cholesterol in animal models [46] and 2) mod-
ify the relationship between cholesterol and CHD relation 
[19,21•]. Lastly, several of the previous studies did not 
collect data on key confounders (ie, energy intake, fi ber, 
saturated fat, polyunsaturated fat, and trans-fat, among 
others) to minimize bias. 

Conclusions
It is reasonable to conclude that there is little evidence 
supporting a major association between dietary choles-
terol and CHD risk in the general population. However, 
dietary cholesterol may have detrimental effects on CHD 
among hyperresponders and people with type 2 diabetes. 
Future studies of the relationship between cholesterol 
and CHD should not only consider individual-response 
type as an important factor but should also evaluate the 
role of genetic polymorphisms infl uencing cholesterol 
metabolism (eg, absorption, transport, synthesis, and so 
forth) on such relations. At present, the current guide-
lines on dietary cholesterol (< 300 mg/d for the general 
population) remain sound. 

Disclosure
No potential confl icts of interest relevant to this article 
were reported.

References and Recommended Reading
Papers of particular interest, published recently, 
have been highlighted as:
• Of importance
•• Of major importance

1. Lloyd-Jones D, Adams R, Carnethon M, et al.: Heart 
disease and stroke statistics–2009 update: a report from the 
American Heart Association Statistics Committee and Stroke 
Statistics Subcommittee. Circulation 2009, 119:e21–181.

2. Ford ES, Ajani UA, Croft JB, et al.: Explaining the decrease in 
U.S. deaths from coronary disease, 1980-2000. N Engl J Med 
2007, 356:2388–2398.

3. Cotton PA, Subar AF, Friday JE, Cook A: Dietary sources 
of nutrients among US adults, 1994 to 1996. J Am Diet 
Assoc 2004, 104:921–930.

4. Thompson FE, Dennison BA: Dietary sources of fats and 
cholesterol in US children aged 2 through 5 years. Am J 
Public Health 1994, 84:799–806.

5.  U.S. Department of Health and Human Services: Dietary 
Guidelines for Americans. Available at http://www.health.
gov/dietaryguidelines/dga2005/. Accessed June 2, 2009.

6.  National Heart, Lung and Blood Institute: Third Report of 
the National Cholesterol Education Program. Available at 
http://www.nhlbi.nih.gov/guidelines/cholesterol/atp3xsum.
pdf. Accessed on June 2, 2009.

7. Kromhout D, Menotti A, Bloemberg B, et al.: Dietary 
saturated and trans fatty acids and cholesterol and 25-year 
mortality from coronary heart disease: the Seven Countries 
Study. Prev Med 1995, 24:308–315.

8. Stamler J, Shekelle R: Dietary cholesterol and human 
coronary heart disease. The epidemiologic evidence. Arch 
Pathol Lab Med 1988, 112:1032–1040.

9. McGee DL, Reed DM, Yano K, et al.: Ten-year incidence 
of coronary heart disease in the Honolulu Heart Program. 
Relationship to nutrient intake. Am J Epidemiol 1984, 
119:667–676.

10. Shekelle RB, Stamler J: Dietary cholesterol and ischaemic 
heart disease. Lancet 1989, 1:1177–1179.

11. Posner BM, Cobb JL, Belanger AJ, et al.: Dietary lipid pre-
dictors of coronary heart disease in men. The Framingham 
Study. Arch Intern Med 1991, 151:1181–1187.

12. Esrey KL, Joseph L, Grover SA: Relationship between 
dietary intake and coronary heart diease mortality: Lipid 
Research Clinics Prevalence Follow-up Study. J Clin 
Epidemiol 1996, 49:211–216.

13. Hu FB, Stampfer MJ, Manson JE, et al.: Dietary fat intake and 
the risk of coronary heart disease in women. N Engl J Med 
1997, 337:1491–1499.

14. Ascherio A, Rimm EB, Giovannucci EL, et al.: Dietary fat 
and risk of coronary heart disease in men: cohort follow up 
study in the United States. BMJ 1996, 313:84–90.

15. Kritchevsky SB, Kritchevsky D: Egg consumption and 
coronary heart disease: an epidemiologic overview. J Am 
Coll Nutr 2000, 19:549S–555S.

16. Gramenzi A, Gentile A, Fasoli M: Association between 
certain foods and risk of acute myocardial infarction in 
women. BMJ 1990, 300:771–773.

17. Dawber TR, Nickerson RJ, Brand FN, Pool J: Eggs, serum 
cholesterol, and coronary heart disease. Am J Clin Nutr 
1982, 36:617–625.

18. Fraser GE: Associations between diet and cancer, ischemic 
heart disease, and all-cause mortality in non-Hispanic 
white California Seventh-day Adventists. Am J Clin Nutr 
1999, 70:532S–538S.

19. Hu FB, Stampfer MJ, Rimm EB, et al.: A prospective study 
of egg consumption and risk of cardiovascular disease in 
men and women. JAMA 1999, 281:1387–1394.

20. Mann JI, Appleby PN, Key TJ, Thorogood M: Dietary 
determinants of ischaemic heart disease in health conscious 
individuals. Heart 1997, 78:450–455.



422  I  Nutrition

21.• Djousse L, Gaziano JM: Egg consumption in relation to 
cardiovascular disease and mortality: The Physicians’ 
Health Study. Am J Clin Nutr 2008, 87:964–969.

In this prospective study of 21,327 male physicians, egg consump-
tion was not associated with the risk of myocardial infarction but 
was positively related to all-cause mortality, especially among 
participants with diabetes.
22.•• Djousse L, Gaziano JM, Buring JE, Lee IM: Egg con-

sumption and risk of type 2 diabetes in men and women. 
Diabetes Care 2009, 32:295–300.

This is a prospective study of more than 56,000 men and women 
in which a higher consumption of eggs was associated with an 
increased risk of type 2 diabetes. Among more than 36,000 women 
with data on dietary cholesterol, there was a positive relation 
between dietary cholesterol and type 2 diabetes. 
23. Katz DL, Evans MA, Nawaz H, et al.: Egg consumption 

and endothelial function: a randomized controlled cross-
over trial. Int J Cardiol 2005, 99:65–70.

24. Clarke R, Frost C, Collins R, et al.: Dietary lipids and 
blood cholesterol: quantitative meta-analysis of metabolic 
ward studies. BMJ 1997, 314:112–117.

25. Howell WH, McNamara DJ, Tosca MA, et al.: Plasma lipid 
and lipoprotein responses to dietary fat and cholesterol: a 
meta-analysis. Am J Clin Nutr 1997, 65:1747–1764.

26. McNamara DJ: The impact of egg limitations on coronary 
heart disease risk: do the numbers add up? J Am Coll Nutr 
2000, 19:540S–548S.

27. Greene CM, Zern TL, Wood RJ, et al.: Maintenance of the 
LDL cholesterol:HDL cholesterol ratio in an elderly popula-
tion given a dietary cholesterol challenge. J Nutr 2005, 
135:2793–2798.

28. Goodrow EF, Wilson TA, Houde SC, et al.: Consumption 
of one egg per day increases serum lutein and zeaxanthin 
concentrations in older adults without altering serum lipid 
and lipoprotein cholesterol concentrations. J Nutr 2006, 
136:2519–2524.

29. Herron KL, Vega-Lopez S, Conde K, et al.: Pre-menopausal 
women, classifi ed as hypo- or hyperresponders, do not alter 
their LDL/HDL ratio following a high dietary cholesterol 
challenge. J Am Coll Nutr 2002, 21:250–258.

30. Jones PJ, Pappu AS, Hatcher L, et al.: Dietary cholesterol 
feeding suppresses human cholesterol synthesis measured by 
deuterium incorporation and urinary mevalonic acid levels. 
Arterioscler Thromb Vasc Biol 1996, 16:1222–1228.

31. Ostlund RE Jr, Bosner MS, Stenson WF: Cholesterol 
absorption effi ciency declines at moderate dietary doses in 
normal human subjects. J Lipid Res 1999, 40:1453–1458.

32. Knopp RH, Retzlaff B, Fish B, et al.: Effects of insulin 
resistance and obesity on lipoproteins and sensitivity to egg 
feeding. Arterioscler Thromb Vasc Biol 2003, 23:1437–1443.

33. Tannock LR, O’Brien KD, Knopp RH, et al.: Cholesterol 
feeding increases C-reactive protein and serum amyloid A 
levels in lean insulin-sensitive subjects. Circulation 2005, 
111:3058–3062.

34. Shaffer EA, Small DM: Biliary lipid secretion in cholesterol 
gallstone disease. The effect of cholecystectomy and obesity. 
J Clin Invest 1977, 59:828–840.

35. Ros E: Intestinal absorption of triglyceride and cholesterol. 
Dietary and pharmacological inhibition to reduce cardio-
vascular risk. Atherosclerosis 2000, 151:357–379.

36. Flynn MA, Anderson A, Rutledge M, et al.: Eggs, serum 
lipids, emotional stress, and blood pressure in medical 
students. Arch Environ Health 1984, 39:90–95.

37. Sacks FM, Marais GE, Handysides G, et al.: Lack of an 
effect of dietary saturated fat and cholesterol on blood 
pressure in normotensives. Hypertension 1984, 6:193–198.

38. Oh SY, Ryue J, Hsieh CH, Bell DE: Eggs enriched in 
omega-3 fatty acids and alterations in lipid concentrations 
in plasma and lipoproteins and in blood pressure. Am J Clin 
Nutr 1991, 54:689–695.

39. Vorster HH, Silvis N, Venter CS, et al.: Serum cholesterol, 
lipoproteins, and plasma coagulation factors in South 
Africa blacks on a high-egg but low-fat intake. Am J Clin 
Nutr 1987, 46:52–57.

40. Armstrong B, van Merwyk AJ, Coates H: Blood pressure in 
Seventh-day Adventist vegetarians. Am J Epidemiol 1977, 
105:444–449.

41. Meyer KA, Kushi LH, Jacobs DR Jr, Folsom AR: Dietary 
fat and incidence of type 2 diabetes in older Iowa women. 
Diabetes Care 2001, 24:1528–1535.

42. Salmeron J, Hu FB, Manson JE, et al.: Dietary fat intake 
and risk of type 2 diabetes in women. Am J Clin Nutr 2001, 
73:1019–1026.

43. Gonzalez-Clemente JM, Carro O, Gallach I, et al.: 
Increased cholesterol intake in women with gestational 
diabetes mellitus. Diabetes Metab 2007, 33:25–29.

44. Freeman DJ, Norrie J, Sattar N, et al.: Pravastatin and the 
development of diabetes mellitus: evidence for a protective 
treatment effect in the West of Scotland Coronary Preven-
tion Study. Circulation 2001, 103:357–362.

45. Ridker PM, Danielson E, Fonseca FA, et al.: Reduction in 
C-reactive protein and LDL cholesterol and cardiovascular 
event rates after initiation of rosuvastatin: a prospective 
study of the JUPITER trial. Lancet 2009, 373:1175–1182.

46. Ness GC, Gertz KR: Increased sensitivity to dietary 
cholesterol in diabetic and hypothyroid rats associated with 
low levels of hepatic HMG-CoA reductase expression. Exp 
Biol Med (Maywood) 2004, 229:407–411.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


