G20z ‘/2 800100 uo Aq Bio'sfeuinofeye/:dny wouy papeojumoq

Circulation

AHA SCIENCE ADVISORY
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Dietary Cholesterol and Cardiovascular Risk
A Science Advisory From the American Heart Association

ABSTRACT: The elimination of specific dietary cholesterol target
recommendations in recent guidelines has raised questions about
its role with respect to cardiovascular disease. This advisory was
developed after a review of human studies on the relationship of
dietary cholesterol with blood lipids, lipoproteins, and cardiovascular
disease risk to address questions about the relevance of dietary
cholesterol guidance for heart health. Evidence from observational
studies conducted in several countries generally does not indicate
a significant association with cardiovascular disease risk. Although
meta-analyses of intervention studies differ in their findings,

most associate intakes of cholesterol that exceed current average
levels with elevated total or low-density lipoprotein cholesterol
concentrations. Dietary guidance should focus on healthy dietary
patterns (eg, Mediterranean-style and DASH [Dietary Approaches
to Stop Hypertension]-style diets) that are inherently relatively low
in cholesterol with typical levels similar to the current US intake.
These patterns emphasize fruits, vegetables, whole grains, low-
fat or fat-free dairy products, lean protein sources, nuts, seeds,
and liquid vegetable oils. A recommendation that gives a specific
dietary cholesterol target within the context of food-based advice
is challenging for clinicians and consumers to implement; hence,
guidance focused on dietary patterns is more likely to improve diet
quality and to promote cardiovascular health.
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diovascular disease (CVD) risk and achieving op-

timal plasma lipoprotein profiles have included
recommendations to limit dietary cholesterol.’? Howev-
er, contemporary guidelines for CVD risk reduction from
the American Heart Association (AHA) and American
College of Cardiology (ACC)** and the “2015-2020
Dietary Guidelines for Americans” (DGA)°> have not is-
sued explicit guidance for dietary cholesterol. Because
of the inconsistencies in the evidence base and the in-
herent difficulty in conducting and interpreting studies
to isolate the independent effect of dietary cholesterol
on CVD risk, controversy has ensued about whether
dietary cholesterol should be a target for CVD preven-
tion and management. This science advisory has 2 aims:
to review the key human studies to date that have as-
sessed the relationship of dietary cholesterol with plas-
ma and lipoprotein cholesterol concentrations and CVD
risk, and to explore methodological issues that contrib-
ute to the continued controversy on this topic, includ-
ing questions on the impact of egg intake.

H istorically, nutrition guidelines for reducing car-

CURRENT DIETARY CHOLESTEROL
RECOMMENDATIONS

The “2013 AHA/ACC Guideline on Lifestyle Manage-
ment to Reduce Cardiovascular Risk” did not include a
recommendation for dietary cholesterol and concluded,
“There is insufficient evidence to determine whether
lowering dietary cholesterol reduces LDL-C [low-density
lipoprotein cholesterol].”* Similarly, the 2015 Dietary
Guidelines Advisory Committee did not recommend
limiting dietary cholesterol to <300 mg/d as presented
in prior editions of the DGA.® The 2015 Dietary Guide-
lines Advisory Committee, with a focus on dietary pat-
terns, provided nuanced statements related to choles-
terol intake:

Previously, the Dietary Guidelines for Americans
recommended that cholesterol intake be lim-
ited to no more than 300 milligrams per day.
The 2015 DGAC [Dietary Guidelines Advisory
Committee] will not bring forward this recom-
mendation because available evidence shows no
appreciable relationship between consumption
of dietary cholesterol and serum cholesterol,
consistent with the conclusions of the AHA/ACC
report. Cholesterol is not a nutrient of concern
for overconsumption.”

At the time of the 2015 Dietary Guidelines Adviso-
ry Committee, the mean dietary intake in the United
States for those =1 year of age was <300 mg/d. Be-
cause this level did not meet the criterion of a nutrient
of concern, the importance of a numerical limitation
was diminished. However, the 2015 DGA report stated
that the lack of an explicit limit for dietary cholesterol
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did not imply that dietary cholesterol is unimportant in
the adoption of healthy eating patterns. The report also
emphasized that adherence to US Department of Ag-
riculture—-recommended eating patterns will naturally
contribute to low amounts of dietary cholesterol be-
cause dietary cholesterol commonly coexists with major
food sources of saturated fat. All of the US Department
of Agriculture-recommended eating patterns included
in the 2015 to 2020 report have <300 mg/d cholesterol
across calorie levels <3200 kcal/d.® Similarly, the multi-
society 2018 Guideline on the Management of Blood
Cholesterol* brought forward the “2013 AHA/ACC
Guideline on Lifestyle Management to Reduce Cardio-
vascular Risk,”* which did not include a recommenda-
tion for dietary cholesterol but recommended healthy
eating patterns involving relatively low levels of dietary
cholesterol.

Two recent guidelines, one for primary prevention and
one for secondary prevention, have addressed the issue
of dietary cholesterol. The “2019 ACC/AHA Guideline
on the Primary Prevention of Cardiovascular Disease”
cited studies of the benefit of plant-based rather than
animal-based protein and concluded, “A diet contain-
ing reduced amounts of cholesterol and sodium can be
beneficial to decrease atherosclerotic CVD risk” without
further distinction.® The 2015 “National Lipid Associa-
tion Recommendations for Patient-Centered Manage-
ment of Dyslipidemia,” focused on individuals with
established hypercholesterolemia, recommend limiting
dietary cholesterol to <200 mg/d to lower LDL choles-
terol and non-high-density lipoprotein (HDL) cholesterol
concentrations.” The National Lipid Association Expert
Panel concluded that “dietary cholesterol modestly in-
creases total cholesterol, and LDL-cholesterol on aver-
age, although hypo- and hyper-responders do exist in
the population.” ™

CURRENT CHOLESTEROL INTAKE IN
THE UNITED STATES

According to the 2013 to 2014 NHANES (National
Health and Nutrition Examination Surveys), the mean
cholesterol intake in US adults =20 years of age was
293 mg/d (95% Cl, 284-302), corresponding to a cho-
lesterol density of 137 mg/1000 kcal. However, there
are racial/ethnic differences. Mexican Americans have
the highest intake with a mean of 338 mg/d (153
mg/1000 kcal), whereas the intake for non-Hispanic
blacks and whites is 320 mg/d (142 mg/1000 kcal)
and 282 mg/d (135 mg/1000 kcal), respectively. Mean
cholesterol intake of the overall population has been
relatively constant at *290 mg/d from 2001 to 2002 to
2013 to 2014. Intake varies by sex. Mean cholesterol
intake was 242 mg/d (135 mg/1000 kcal) in women
and 348 mg/d (144 mg/1000 kcal) in men (Figure 1)."
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0 100 200 300 400 500 600 700 800
Dietary Cholesterol Intake (mg/day)

Mean Percentile of Cholesterol Intake, mg/day Above 300
(SE) 10% 25% 50% 75% 90%  mg/day (%)
Male 348 (7.7) 97 166 276 456 672 46
Female 242 (3.1) 63 110 184 325 502 28
Overall 293 (4.2) 75 130 227 393 597 39

Figure 1. Histogram of estimated cholesterol intake by sex for US adults >20 years of age, NHANES (National Health and Nutrition Examination
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Surveys), 2013 to 2014.

Truncated at 97.5th percentile of cholesterol intake. Reprinted from Xu et al.'" Copyright © 2018, The Authors.

The major contributors of dietary cholesterol, in de-
scending order, were meat, eggs, grain products, and
full-fat dairy products. On average, meat (including
poultry, mixed dishes, red meat, processed meat, and
seafood) contributed 42% of total cholesterol intake,
eggs contributed 25% of total cholesterol, and other
food groups contributed the additional third. However,
the relative proportion of cholesterol from eggs varied
substantially among the different quartiles of cholester-
ol intake. In the highest quartiles with a mean intake of
731 mg/d in men and 519 mg/d in women, eggs were
the major contributor. Among men, the mean dietary
cholesterol contributed by eggs alone ranged from 1
mg/d (1%) in quartile 1 to 307 mg/d (42%) in quar-
tile 4; corresponding data in women were 0 mg/d (0%)
and 223 mg/d (43%)."

OBSERVATIONAL STUDIES OF DIETARY
CHOLESTEROL AND CVD RISK

Relationship Between Dietary
Cholesterol and CVD Risk

Findings from observational studies have not generally
supported an association between dietary cholesterol
and CVD risk (Table 1; additional details available in
Data Supplement 1). Seventeen prospective cohort
studies meeting our inclusion and exclusion criteria
have assessed the association between dietary cho-
lesterol and CVD outcomes (coronary heart disease

Circulation. 2020;141:¢39-e53. DOI: 10.1161/CIR.0000000000000743

[CHD] and stroke). Twelve studies reported no sig-
nificant association between stroke, CHD events, or
CHD death and dietary cholesterol, regardless of the
dietary assessment method.2-1416-20.24-27 There was ap-
preciable variability in study population, design, and
statistical analyses, including sociodemographic char-
acteristics, the range of dietary cholesterol intakes,
and control for covariates. Several studies, including
those that reported a significant positive association,
adjusted for serum cholesterol concentration, an im-
portant covariant.'”:'8212225 |n some studies, positive
associations in unadjusted or semiadjusted analyses
were attenuated after adjustment for other dietary
components such as fiber'>?* and saturated fat.*
Furthermore, when energy intake was included as a
covariate in the statistical models, no significant asso-
ciation was observed between dietary cholesterol and
fatal or nonfatal CHD or stroke.!>-1416-20.2224 positive
associations were generally restricted to studies that
did not adjust for energy intake.’>?".23282% These find-
ings illustrate the sensitivity of findings when consid-
eration is given to other dietary components, as well
as methodological issues.

Two studies reported a significant association be-
tween dietary cholesterol and stroke, albeit in op-
posite directions. In the Swedish Mammography
Cohort, high cholesterol intake (median, 302 mg/d
in the highest quintile) was associated with a high-
er risk of total stroke and ischemic stroke (20% and
29%, respectively) compared with the lowest quintile
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Table 1.

Dietary Cholesterol and Cardiovascular Risk

Prospective Cohort Investigations of Association of Dietary Cholesterol and CVD Risk

Study Author, Year, Cohort
(US Unless Noted)

Population, n

Dietary Cholesterol,
mg/d Unless Noted

Findings Reported as Relative Risk
(95% Cl) Unless Noted

Comments

Studies that assessed dietary chol

esterol using food frequency questionnaires

Ascherio et al,'? 1996, HPFS 43757 men mg/1000 kcal Fatal or nonfatal MI, 1.03 (0.81-1.32) Ascherio et al? and He et al™?
Mean=152 Fifth vs first quintile Adjusted for risk used the same cohort, with
factors, energy, and fiber intake longer follow-up for the stroke
outcomes in the 2003 He et al
report.
He et al,” 2003, HPFS 43732 men mg/1000 kcal Median | Ischemic stroke,1.02 (0.75-1.39)
in first to fifth Hemorrhagic stroke,1.04 (0.58-1.88)
quintiles: 189-389 Adjusted for risk factors, energy intake,
and other nutritional factors
Pietinen et al,™ 1997, Alpha- 21930 men Average of medians Major coronary event,0.93 (0.79-1.10)
Tocopherol, Beta-Carotene of quintiles, 560 Adjusted for risk factors and energy and
Cancer Prevention Study fiber intake
(Finland)
Larsson et al,’® 2012, Swedish | 34670 women Median in first to fifth | Total stroke, 1.20 (1.00-1.44)*

Mammography Cohort
(Sweden)

quintiles, 161-319

Ischemic stroke, 1.29 (1.05-1.58)*
Hemorrhagic stroke, 0.96 (0.58-1.58)
Adjusted for risk factors and nutritional
factors

Yaemsiri et al,'® 2012,
Women'’s Health Initiative—
Observational Study

87025 women

Average of medians
of quintiles, 191

Ischemic stroke:

HR=1.04 (0.81-1.33)

Adjusted for risk factors, energy intake,
and other nutritional factors

Hu et al," 1997, NHS

80082 women

mg/1000 kcal Median
in first to fifth
quintiles, 132-273

Fatal/nonfatal CHD, 1.17 (0.92-1.50)
Adjusted for risk factors, energy intake,
and other nutritional factors

Hu et al'” and Iso et al'® used
the same cohort with a focus
on different outcomes.

Iso et al,’® 2001, NHS

85764 women

Median in first to
quintiles, 212-465

Hemorrhagic stroke, 1.04 (0.46-2.38)
Adjusted for risk factors, energy intake,
and other nutritional factors

Seino et al,® 1997, Shibata
Study Japan

2283 men and
women

393

Cerebral infarct, 1.11 (0.48-2.56)
Adjusted for some risk factors, energy,
and type of fat intake

Studies that assessed dietary chol

esterol using 24-h dietary recalls

Posner et al,?®
1991,Framingham Study

859 men (45-55
and 56-65 y of
age)

530 in younger men
532 in older men

CHD incidence

No significant association among those
45-55y (P=0.92) or

56-65 y (P=0.364) of age

Adjusted for risk factors and energy
intake

McGee et al,?' 1984,
Honolulu Heart Program

7088 men
(Japanese
ancestry)

mg/1000 kcal 243

CHD death

Using logistic coefficient, mg
cholesterol/1000 kcal, significant positive
association (P<0.05)*

Adjusted for risk factors

Adjusted for body weight but
not for energy intake

Esrey et al,?? 1996, Lipid
Research Clinics Prevalence
Follow-up Study (US and
Canada)

4546 men and
women

408

CHD death, 1.0 (10 mg) per 5000 kJ
(0.99-1.02)

Adjusted for risk factors and energy
intake

Mann et al,> 1997, UK

10802 men and
women

Median in first

to third tertiles,
156-431 for men,
138-378 for women

Ischemic heart disease death, 3.53
(1.57-7.96)*

Adjusted for age, sex, smoking, and
social class

~20% were vegetarians or
semi-vegetarian

Included wide range of ages,
leaner population

Did not adjust for energy intake

Xu et al,?* 2006, Strong Heart
Study

2938 male and
female American
Indians

333

Total CHD, 1.09 (0.77-1.54)
Nonfatal CHD, 1.14 (0.76-1.70)
Adjusted for risk factors and energy
intake

A higher-risk population: 48%
with diabetes mellitus, 44%
with hypertension
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Table 1. Continued

Dietary Cholesterol and Cardiovascular Risk

Study Author, Year, Cohort

(US Unless Noted) Population, n

Dietary Cholesterol,
mg/d Unless Noted

Findings Reported as Relative Risk

(95% Cl) Unless Noted Comments

8218 rural and
urban men

Garcia-Palmieri et al,?> 1980,
Puerto Rico Heart Health
Program

Age-adjusted mean,
356 (rural), 439
(urban)

CHD

No significant difference in dietary
cholesterol between participants with
and those without incident CHD over 6
y of follow-up

Adjusted for risk factors

Numeric results not published

Study that assessed dietary cholesterol using 24-h food diary

Sauvaget et al,?® 2004, Adult
Health Study (Japan)

3731 men
and women in
Hiroshima and
Nagasaki

Average of medians
of tertiles of animal
fat, 449

Cerebral infarct death, 0.34 (0.16-0.70)
Adjusted for risk factors and radiation
dose exposure

A leaner population than other
cohorts

Studies that assessed dietary cholesterol using diet histories

Kushi et al,?” 1985, Ireland-
Boston Diet-Heart Study
(Ireland, US)

1001 men
(brothers in
Ireland and US
and group in US
with parents in

mg/1000 kcal Irish,

273, first generation
in US, 240

233; Irish Bostonians,

CHD death

Cox proportional hazard coefficient,
0.0017 (P=0.10)

Adjusted for risk factors

Mean kcal intake:
Irish, 4033; Bostonians, 3099;
first generation, 2946

Western Electric Study

Ireland)
Shekelle et al, 2% 1981, 1900 men mg/1000 kcal CHD death Mean kcal intake,
Western Electric Study 241 logistic coefficient, 0.003 (P=0.008)* 3183/d
Adjusted for risk factors and type of fat Adjusted for BMI
intake
Shekelle and Stamler,?® 1989, 1824 men 755 CHD, 1.38 (1.00-1.90)*Other CVD, 1.8 Same cohort as in Shekelle

(1.00-3.24)* et al®
Adjusted for age Highest daily cholesterol intake
and 25y of follow-up

BMI indicates body mass index; CHD, coronary heart disease; CVD, cardiovascular disease; HPFS, Health Professionals Follow-up Study; HR, hazard ratio; MI,

myocardial infarction; and NHS, Nurses’ Health Study.
*Significant positive association.

(median, 168 mg/d).” In contrast, in the Japanese
Adult Health Study, a higher cholesterol intake was
associated with lower risk of ischemic stroke.?? How-
ever, this study should be interpreted with caution
because the statistical models did not include many
potential confounders that were adjusted for in the
other studies reviewed, and thus, the results are like-
ly influenced by residual confounding. Eight studies
reported no significant association between dietary
cholesterol and CHD or CHD mortality,'21417.2022,24.25.27
whereas 3 studies?'?3282° showed a positive associa-
tion with CHD or CHD mortality.

A meta-analysis that reviewed prospective cohort
studies through December 2013 reported nonsignifi-
cant positive relationships between dietary cholesterol
and risk of ischemic (1.13 [95% Cl, 0.99-1.28]) or
hemorrhagic (1.09 [95% Cl, 0.79-1.50]) stroke. Effect
estimates reflect comparisons of extreme quintiles (eg,
quintile 5 versus 1), generally reflecting a difference
in medians of 200 to 300 mg/d cholesterol intake.
The insufficient number of cohort studies precluded
conducting meta-analyses of other CVD-related out-
comes.?® In summary, the majority of published obser-
vational studies do not identify a significant positive
association between dietary cholesterol and CVD risk.

Circulation. 2020;141:¢39-e53. DOI: 10.1161/CIR.0000000000000743

Relationship of Egg Intake and CVD Risk

On average, eggs contribute 25% of dietary cholesterol
in the United States.”” A large egg contains =186 mg
cholesterol.3" Table 2 summarizes cohort studies meet-
ing the inclusion and exclusion criteria that evaluated
the relationship between egg intake and CVD risk (ad-
ditional details available in Data Supplement 2). In gen-
eral, egg intake was not significantly associated with
CVD risk. Findings varied depending on subtypes of
CVD considered.

e For stroke, no significant association was
reported.3233363741.42 A meta-analysis of prospec-
tive cohort studies published through August 2016
reported that high egg consumption (=7 eggs per
week) was associated with a significantly lower risk
of stroke (hazard ratio, 0.91 [95% Cl, 0.85-0.98])
compared with low intake (<1 egg per week).*'

e For CHD, in several US cohorts23%3749 and cohorts
from Sweden,*' Iran,* and Finland,* no significant
association was observed between egg intake and
CHD. A meta-analysis of prospective cohort studies
also reported no significant association between
egg intake and CHD risk.>" However, among indi-
viduals with type 2 diabetes mellitus, 2 US studies

January 21,2020  e43
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Table 2. Observational Studies of the Association of Egg Intake and Cardiovascular Disease Risk

Dietary Cholesterol and Cardiovascular Risk

Study Author, Year, Association With
Cohort (US Unless
Noted) Population, n CHD Stroke CVD Overall CVD Mortality HF Comments
Hu et al 321999, HPFS HPFS: 37851 men None (both | None (both Positive association
and NHS NHS: 80082 studies) studies) with CHD among
women men and women with
diabetes mellitus
Bernstein et al,>*2012, None Same cohort as in Hu
HPFS and NHS et al??
Sauvaget et al,>* 2003, 40349 people Inverse
Hiroshima/Nagasaki Life enrolled in 1979 association
Span Study Japan for stroke
mortality
Nakamura et al,** 2006, 1 cohort in 1990 None
Japan Public Health and second cohort
Center—based prospective | in 1993
study
Qureshi et al,*¢ 2007, 9734 participants None None Positive association
National Health and for CAD in diabetes
Nutrition Examination | mellitus
(1971-1975)
Djoussé and Gaziano, 21327 US male None for None No association with Ml
2008, observational physicians M or stroke among men
study in PHS with diabetes
mellitus; positive
association for all-
cause mortality, more
so among those with
diabetes mellitus
Djoussé and Gaziano, Positive No interaction with
2008, also PHS diabetes mellitus
Same cohort as
Djoussé and Gaziano®’
Nettleton et al,* 2008, 14153 participants Positive No interaction with
ARIC without prevalent diabetes mellitus
heart failure at
baseline
Haring et al,° 2014, ARIC | 12066 participants None Same cohort as in
Nettleton et al*®
Larsson et al,*' 2015, 37766 men 32805 None for None Positive
cohort of Swedish women Ml for men
Men and Swedish not
Mammaography Cohort women
(Sweden)
Farvid et al,*2 2017, 42403 adults None None None
Golestan Cohort Study
Iran
Nakamura et al,**2018, 4686 women None
National Survey on randomly selected
Circulatory Disorders, in 1990, age =30y
Japan
Diez-Espino et al,* 2017, | 7216 adults 55-80 None No association in
observational study within | y of age at high patients with diabetes
the Prevention con Dieta cardiovascular risk mellitus
Mediterranea (Spain)
Virtanen et al,*> 2016, 1032 men 42-60y None Also listed below
Kuopio Ischaemic Heart of age under Association
Disease Risk Factor Study of Measures of
(Finland) Atherosclerosis
Zazpe et al 14185 adults None
%2011, Seguimiento
Universidad de Navarra
(Spain)

e44  January 21,2020
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Table 2. Continued

Dietary Cholesterol and Cardiovascular Risk

Association With Measures of Atherosclerosis

camT CAC Angiography
Chagas et al,*” 2012, 382 adults referred Positive
Center for Cardiovascular | for coronary
Diagnosis and angiogram
Intervention, Sao Lucas
Hospital (Brazil)
Goldberg et al,*2013, 1429 participants Inverse
Northern Manhattan association
Study
Robbins et al,*® 2014, the | 1848 participants None
NHLBI Family Heart Study
Choi et al,** 2015, 23417 adults Positive
Kangbuk Samsung referred for CAC
Hospital Total Healthcare
Centers(South Korea)
Virtanen et al,*> 2016, 1032 men 42-60y None
Kuopio Ischaemic Heart of age
Disease Risk Factor Study
(Finland)

Studies typically contrasted intake of =7 eggs per week with <1 eggs per week. Details of methods and relative risks for each study are available in Data
Supplement 2. ARIC indicates Atherosclerosis Risk in Communities Study; CAC, coronary artery calcium; CAD, coronary artery disease; CHD, coronary heart
disease; CIMT, carotid intima-media thickness; HPFS, Health Professionals Follow-up Study; MI, myocardial infarction; NHLBI, National Heart, Lung, and Blood

Institute; NHS, Nurses’ Health Study; and PHS, Physicians’ Health Study I.

reported an association with CHD,323% whereas 1
study did not find an association.?’

¢ For heart failure, 2 cohort studies conducted in the

United States®3° and 1 study in Sweden*' reported
that consumption of >1 egg per day was associ-
ated with 20% to 30% higher risk of heart failure
compared with infrequent egg intake in men but
not in women.

For both dietary cholesterol and egg consump-
tion, the published literature does not generally sup-
port statistically significant associations with CVD
risk. Still, several limitations of the current body of
published literature merit mention. Studies of dietary
cholesterol have spanned a broad time period, over
which methods in nutritional epidemiology have ap-
preciably changed, as is apparent in the heterogeneity
in adjustment for total energy, other dietary compo-
nents, and serum cholesterol concentrations. In addi-
tion, variations in study populations may correspond
to important differences in confounding structure. For
example, the significant inverse association between
eggs and stroke was apparent in the meta-analysis
only on inclusion of a study conducted in China,>
where egg consumption is positively associated with
socioeconomic indicators and physical activity, in-
versely associated with smoking, and generally cor-
related with other aspects of a healthy dietary pattern
(ie, higher intake of fiber, vegetables, and fruit). With
observational data, it is difficult to assess the relation-
ship of any individual food independently of a dietary
pattern. Thus, the observations for eggs may be con-
founded by other dietary components and lifestyle
behaviors that covary with eggs.

Circulation. 2020;141:¢39-e53. DOI: 10.1161/CIR.0000000000000743

A meta-analysis®? of individual participant data from
6 ethnically diverse US prospective cohorts concluded
that there was a positive association between both di-
etary cholesterol and egg consumption and CVD risk
(1.17[95% Cl, 1.09-1.26]). The authors estimated that
each additional half-egg consumed per day was associ-
ated with a significant increase in CVD risk (1.06 [95%
Cl, 1.03-1.10]). After adjustment for dietary cholester-
ol, the association between egg intake and CVD was
no longer significant.>> More recently, the relationship
between foods of animal origin and ischemic heart dis-
ease was examined by the use of data from 9 prospec-
tive European countries (pan-European EPIC [European
Prospective Investigation Into Cancer and Nutrition] co-
hort). With respect to egg intake, a negative association
was observed with ischemic heart disease (0.93 [95%
Cl, 0.88-0.99]) that was attenuated and became non-
significant after the first 4 years of follow-up were elim-
inated. In further analysis, substitution of 100 kcal/d of
red and processed meat with an equivalent amount of
egg was associated with a 24% lower ischemic heart
disease risk.>?

INTERVENTION STUDIES OF DIETARY
CHOLESTEROL AND CVD RISK

Although evidence from observational studies examin-
ing the relationship between dietary cholesterol and CVD
risk is inconsistent, the discrepant results are likely heav-
ily contributed to by residual confounding. It is difficult to
distinguish between the effect of dietary cholesterol per
se and the effect of dietary patterns high in cholesterol or

January 21,2020  e45
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Table 3. Controlled Feeding Studies Examining the Effect of Dietary Cholesterol on Total, LDL, and HDL Cholesterol

(7]
=
E ﬂ Duration of Cholesterol Content
b E Study Period, of Intervention
':: L Study Design wk Sample Characteristics n* Background Diet Group
-0
‘: a Bowman et al,*® Randomized, 2x2 5 Nonsmoking, healthy men 19 Low-fat diet (31% kcal) 504 mg/d
s a 1988 factqnal, controlled (mean age, 22+3y) Usual-fat diet (46% keal)
—— feeding
= <T
c:)' Chenoweth et al,”” | 2x2, crossover, 4 Healthy men with total 32 Control diet (44% kcal fat, Control diet: 894
1981 controlled feeding study cholesterol >190 mg/dL 17% kcal saturated fat) mag/d
25
(mean age, 25 y) Modified-fat diet (35% | Modified-fat diet: 728
kcal fat, 9% kcal saturated mg/d
fat)
Connor et al,”® 4-period, crossover, 4 Men 24-48 y of age who 6 Low P/S, 40% fat from Low P/S: 729 mg/d
1964 controlled feeding study were healthy inpatients on saturated fat and 10%
a metabolic ward PUFA
High P/S, 19% fat from High P/S: 725 mg/d
saturated fat and 31%
PUFA
Fielding et al,>® 4-group parallel, 4 Healthy, nonsmoking, 84 High-PUFA diet (9%-10% | High PUFA: 603 mg/d
1995 controlled feeding study normolipdemic men (age, kcal)
25-35y) High saturated fat (16%-— High saturated fat:
17% kcal) 635 mg/d
Flaim et al,%© 1981 | 2-group parallel, 4 Healthy men (mean age, 23 Average American diet 1415 mg/d
controlled feeding study 23y) (»40% kcal fat, 14% kcal
saturated fat)
Ginsberg et al,® 3-period, crossover, 8 Healthy, normolipidemic 13 AHA diet (28% kcal fat, 1 egg/d: 277 mg/d
1995 controlled feeding study women (mean age, 24 y) 8% kcal saturated fat) 3 eqgs/d: 667 mg/d
Ginsberg et al,%? 4-period, crossover, 8 Healthy, normolipidemic 20 AHA Step 1 diet (30% 1 egg/d: 283 mg/d
i 0
1994 controlled feeding study men (mean age, 25y) kcal fat, 9% kcal from 2 eqgs/d: 468 mg/d
saturated fat)
g 4 eggs/d: 858 mg/d
% lllingworth et al,® | 3-period, crossover, 4 Patients with 30 Diet containing 30% kcal 350 mg/d
% 1995 controlled feeding study hypocholesterolemia from fat 650 mo/d
g‘ Patients with normal 350 mg/d
holesterol level
g cholesterol levels 650 mg/d
g Patients with primary 350 mg/d
§ hypercholesterolemia 650 mg/d
[§]
5 Johnson and 2-period crossover, 4 Healthy male athletes 10 Diet containing 30% 600 mg/d
% Greenland,® 1990 | controlled feeding study (mean age, 27+5y) kcal fat
é Quig et al,® 1983 | 2x2 factorial, crossover, 4 Healthy, nonsmoking men 12% Average American diet 1400 mg/d
g controlled feeding (mean age, 232 y) (=40% kcal fat, 14% kcal
o) study+ saturated fat)
Q Reaven et al,* 4-period, partial 4 Nondiabetic, 65 NCEP Step 1 diet (30% 319 mo/d
o 2001 crossover, controlled postmenopausal women kcal fat, 9% kcal saturated
=8 ; L - 523 mg/d
@ feeding study who were insulin sensitive fat)
N or insulin resistant with TC 941 mg/d
N <280 mg/dL
8
al (Continued)

saturated fat, for example, sausage or bacon eaten with
eggs. Randomized controlled trials provide a means of ex-
amining the question in a controlled setting. A meta-analy-
sis of 17 intervention trials that ranged from 4 to 12 weeks
long reported an increase in total cholesterol (11.2 mg/dL),
LDL cholesterol (6.7 mg/dL), and HDL cholesterol (3.2 mg/
dL) concentrations in the intervention group compared
with the control group.® In the intervention group of the
included studies, dietary cholesterol ranged from 501 to
1415 mg/d compared with 0 to 415 mg/d in the referent

group. This is equivalent to =3 to 7 compared with 0 to 2
eggs per day. In this meta-analysis, the fatty acid composi-
tion of the diets was not factored into the analyses.

Methodological Issues

A relevant issue with regard to the study of dietary
cholesterol is the influence of dietary fat type. In many
intervention studies, the fatty acid composition of the
diets was not matched; likewise, because the major-
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Table 3. Continued

Dietary Cholesterol and Cardiovascular Risk

Between-Group Difference (Intervention-Referent),
Source of mg/dL (mean+SE)
Cholesterol Content Dietary
of Referent Group Cholesterol P/S Outcomest TC LDL-C HDL-C
193 mg/d Egg 0.4 TC, LDL-C, HDL-C 19.0+£2.63 21.0+£1.87 1.0+£2.19
6.0+3.01 5.0+2.79 1.0+2.03
Control diet: 340 Egg Control diet: 0.4-0.6 TC 21.0£5.67
mag/d
Modified-fat diet: 186 Modified-fat diet: 1.1-1.4 13.0+3.50
mg/d
Low P/S: 0 mg/d Egg Low P/S: 0.2 TC 38.0+12.36
High P/S: 0 mg/d High P/S: 1.7 28.0+8.44
High PUFA: 176 mg/d Not reported High PUFA: 0.8 TC 21.0+8.03
High saturated fat: High saturated fat: 27.7+8.47
203 mg/d 0.3-04
415 mg/d Egg 0.6 TC, LDL-C, HDL-C 17.0+11.07 13.0+10.77 -1.0+4.24
0 eggs/d: 108 mg/d Egg 0.9 TC, LDL-C, HDL-C 6.19+3.83 3.9+4.13 1.6+3.0
15.85+4.05 11.6+£3.94 3.5+2.84
0 eggs/d: 128 mg/d Egg 0.9 TC, LDL-C, HDL-C 5.5+4.76 7.0+4.58 -0.2+1.82
6.3+4.67 6.6+4.52 -0.5+1.81
11.1£5.07 11.2+5.02 1.2+1.87
50 mg/d Not reported 0.8 TC, LDL-C, HDL-C 4.0+10.58 2.0+£5.67 1.0+4.74
12.0+10.40 10.0+5.87 1.0+4.74
8.0+6.54 6.0+6.5 2.0+3.91
18.0+6.54 15.0+7.29 3.0+4.07
10.0+£9.96 9.0+9.59 2.0£2.28
20.0+8.70 20.0+8.10 3.0+2.58
200 mg/d Egg 1.5 TC, LDL-C, HDL-C 10.05+4.25 8.9+3.48 1.2+8.89
400 mg/d Egg 0.6 TC, LDL-C, HDL-C 26.0+13.71 14.0+8.73 8.0+2.88
113 mg/d Egg 1.0 TC, LDL-C 11.0+£6.0 7.0£5.0
6.0+8.54 4.0+£7.0
8.0+6.0 6.0+5.0

AHA indicates American Heart Association; HDL, high-density lipoprotein; HDL-C, high density lipoprotein cholesterol; LDL, low-density lipoprotein; LDL-C, low
density lipoprotein cholesterol; NCEP, National Cholesterol Education Program; P/S, polyunsaturated to saturated fat ratio; PUFA, polyunsaturated fatty acid; and

TC, total cholesterol.
*Included in data analysis.
tOutcomes are reported in a way that enabled inclusion in the meta-regression.
$Only the sedentary group is included in the meta-regression analyses.
§SE derived according to the methods outlined in Data Supplement 3.

ity of observational studies do not adjust for saturated,
monounsaturated, and polyunsaturated fat, it can be
difficult to distinguish between the independent effects
of dietary cholesterol and dietary fat type.

Circulation. 2020;141:¢39-e53. DOI: 10.1161/CIR.0000000000000743

Meta-Regression Analyses

A recent meta-regression analysis®* including 55 ran-
domized controlled dietary intervention studies iden-
tified a dose-response relationship between dietary
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cholesterol and LDL cholesterol concentrations after
adjustment for dietary fatty acid composition us-
ing predicted lipoprotein changes derived from the
Mensink et al*> equation. Controlling for saturated,
monounsaturated, and polyunsaturated fat, the me-
ta-regression model indicated that every 100-mg/d
increase in dietary cholesterol predicted an LDL cho-
lesterol concentration increase of 1.90 mg/dL (based
on a linear model), 4.46 mg/dL (based on a low-dose
linear model derived from the Michaelis-Menten
equation), and 4.58 mg/dL (based on a nonlinear
model). These results suggest that dietary cholesterol
is directly associated with LDL cholesterol concentra-
tion, and this relationship persisted after adjustment
for dietary fat type.

To further isolate the effects of dietary cholesterol
on blood lipoprotein concentrations, we conducted a
meta-regression analysis of controlled feeding studies,
limiting included trials to those with similar ratios of di-
etary polyunsaturated fatty acid to saturated fatty acid
in the randomized groups of the trials. Eligible studies
included adults only, had =2 diets differing in dietary
cholesterol content but similar ratio of polyunsaturat-
ed fatty acid to saturated fatty acid, intervened for >4
weeks, and reported total, LDL, or HDL cholesterol con-
centration. Detailed methodology is presented in Data
Supplement 3.

In total, 11 feeding studies met the inclusion criteria,
contributing 25 comparisons>®-%¢ (Table 3). Seven stud-
ies had a crossover design,®”>861-6> and 4 studies had a
parallel design.>6->960.66 Differences in dietary cholesterol
ranged from 155 to 1000 mg/d. A significant positive
relationship was identified between dietary cholesterol
and total cholesterol concentrations (Figure 2). This re-
lationship remained significant when studies that had
a dietary cholesterol difference >1000 mg/d were re-
moved from the analyses, resulting in a cholesterol in-
take ranging from 155 to 828 mg/d (Data Supplement
3, Table S6). (These analyses excluded trials with a dif-
ference of 1000 mg/d because a difference in dietary
cholesterol of 1000 mg/d was deemed implausible in
free-living populations.) No significant association was
identified between dietary cholesterol and total choles-
terol concentrations when only studies with a differ-
ence in dietary cholesterol of <300 or >300 mg/d were
included in the regressed models separately (Data Sup-
plement 3, Table S6). Leave-one-out sensitivity analysis
showed that individual removal of 3 studies®®®'% atten-
uated the association to nonsignficant (P<0.082); re-
moval of any one of the other 9 studies did not change
the relationship (Data Supplement 3, Table S7).

LDL cholesterol concentration is a stronger predic-
tor of CVD risk than total cholesterol.# No significant
association was observed between dietary cholesterol
and LDL cholesterol or HDL cholesterol concentrations
(Figure 2). However, the positive relationship between
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B coefficient: 0.016 (95% CI 0.002, 0.03) p=0.024
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Figure 2. Meta-regression plots represent the relationship between a
change in dietary cholesterol and serum lipids.

Section (A) represents relationship to total cholesterol, (B) represents the
relationship with low-density lipoprotein (LDL) cholesterol, and (C) represents
the relationship with high-density lipoprotein (HDL) cholesterol. The size of
the data points represents the weight of the study in the fitted random-effects
meta-regression model.

dietary cholesterol and HDL cholesterol approached
significance (P=0.064), and the leave-one-out sensitiv-
ity analysis indicated that after removal of 1 study,®°
the relationship reached statistical significance (Data
Supplement 3, Table S8). The results for LDL cholesterol
remained robust in analyses by study design and cutoffs

Circulation. 2020;141:¢39-e53. DOI: 10.1161/CIR.0000000000000743
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Table 4. Food Sources of Dietary Cholesterol Within Categories
Shown to be the Greatest Contributors to Dietary Cholesterol*

Dietary
Cholesterol, | Saturated
Food Source mg Fat, g
Eggs
1 large egg cooked 186 2.0
Meat
3 oz pork spareribs 89 7.9
3 oz tenderloin steak trimmed 1/8 in, broiled 82 5.7
3 oz pork tenderloin, broiled 80 1.9
3 oz tenderloin steak trimmed, grilled (lean) 79 2.8
3 0z ground beef 70/30,t broiled 75 6.2
3 oz ground beef 80/20,t broiled 75 5.7
3 oz ground beef 95/5,1 broiled 75 2.5
3 oz ground beef 97/3,1 broiled 75 1.9
Poultry
3 oz chicken drumstick, skin on, roasted 110 2.3
3 oz chicken drumstick, skin removed, cooked 75 1.3
3 0z lean chicken breast, skin removed, roasted 72 0.86
3 oz chicken breast, skin on, roasted 71 1.9
Milk and milk products
1 cup whole milk 24 4.6
1 cup 2% milk 20 3.0
1 cup 1% milk 12 1.5
1 cup nonfat milk 5 0.3
Seafood
3 0z shrimp, cooked 161 0.05
3 oz lobster, cooked 124 0.18
3 oz pollock, cooked 77 0.15
3 0z crab, cooked 65 0.14
3 oz salmon, cooked 60 1.1
3 oz tilapia, cooked 48 0.80

*Food categories shown to be the greatest source of dietary cholesterol in
analyses by Xu et al'"; dietary cholesterol and saturated fat values extracted
from the US Department of Agriculture Food Composition Databases;
standard reference values are used.*®

tRatios represent the percent lean to percent fat by weight in the ground
beef before cooking.

for dietary cholesterol (Data Supplement 3, Table S9). A
log-linear model was explored, and the association be-
tween LDL-cholesterol and dietary cholesterol did not
fit a log-linear model (P=0.69).

Meta-regression analyses assessing the relationship
among dietary cholesterol, LDL cholesterol, and HDL
cholesterol concentrations were limited by the num-
ber of comparisons available for analysis and the small
sample sizes of most trials. Thus, less power was avail-
able for the analyses of LDL cholesterol and HDL choles-
terol compared with total cholesterol, which may have
contributed to the lack of a significant association with
these specific lipoproteins.

Circulation. 2020;141:¢39-e53. DOI: 10.1161/CIR.0000000000000743
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Implementation Within the Context of
the American Diet

These analyses explored changes in blood cholesterol
concentrations in response to dietary cholesterol when
the ratio of polyunsaturated fatty acid to saturated
fatty acid of the diet was held constant. From an im-
plementation perspective in an American diet, dietary
cholesterol and saturated fat for the most part increase
in parallel.”™ In addition, many intervention studies
tested implausibly high cholesterol intakes that are
well above the consumption levels of 95% of the pop-
ulation.3%54 In addition, in examinations of the intake
of dietary cholesterol in the context of typical eating
patterns, the effects of fatty acid composition must be
taken into consideration. This is of particular concern
in the United States, where eggs are frequently accom-
panied by bacon or sausage. Thus, estimating the in-
dependent effect of dietary cholesterol with theoretical
or experimental methods (predictive calculations and
feeding studies) is not representative of actual eating
patterns and limits the generalizability to dietary pat-
terns (Table 4).

The available evidence suggests that within the con-
text of eating patterns, replacing saturated fat with
unsaturated fat is expected to produce greater reduc-
tions in LDL cholesterol concentrations than reducing
dietary cholesterol alone.>+7¢” Within the range of di-
etary cholesterol and dietary fats available from com-
mon food sources (Table 4), there is greater potential
to optimize plasma lipoprotein profiles by improving
the ratio of dietary saturated fatty acid to polyunsatu-
rated fatty acid than by reducing dietary cholesterol.
For example, replacing full-fat milk with fat-free milk
would lower saturated intake by 4.3 g/1 cup; however,
this replacement would yield only a 19-mg reduction
in dietary cholesterol. Replacing 3 oz lean ground beef
with 3 oz chicken breast would lower saturated fat by
4.84 g but dietary cholesterol by only 3 mg (Table 4).
(From a clinical perspective, if a patient were consum-
ing 10% of energy from saturated fat on a 2000-kcal
diet and then made these 2 changes, that patient’s
saturated fat intake would be =6% of energy as rec-
ommended by the 2013 AHA/ACC lifestyle guideline.?)
The calorie deficit should be filled with an unsaturated
fat rather than carbohydrate, particularly refined car-
bohydrate. Of unique consideration is shellfish, which
are relatively high in dietary cholesterol but very low in
saturated fat.

SUMMARY

Consideration of the relationship between dietary
cholesterol and CVD risk cannot ignore 2 aspects of
diet. First, most foods contributing cholesterol to the
US diet are usually high in saturated fat or consumed
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with foods high in saturated fat. Second, heart-healthy
dietary patterns (eg, Mediterranean-style®® and DASH-
style® diets) are inherently low in cholesterol, with typi-
cal menus containing <300 mg/d cholesterol, similar to
the current US intake.

An extensive evidence base, including many well-
designed studies, reflects mixed results. Most observa-
tional studies, conducted in several countries, generally
reported no significant association of dietary choles-
terol or egg intake with CVD outcomes in terms of
CHD, myocardial infarction, and stroke risk. In contrast,
a recent meta-analysis of individual participant data
from ethnically diverse US cohorts concluded that half
an egg per day was associated with a 6% increase in
CVD risk. Three studies specifically addressed individu-
als with type 2 diabetes mellitus, eggs, and CHD risk.
Two of 3 studies reported a positive association with
CHD. Three other studies reported an association with
increased risk for heart failure in the general popula-
tion. The possibility of observational data on eggs be-
ing confounded by other dietary components must be
considered.

More convincing are data from intervention stud-
ies that show a modest effect on CVD risk factors
and lipid and lipoprotein concentrations. Two meta-
analyses of studies with substantial heterogeneity
report that dietary cholesterol increased total and
LDL cholesterol concentrations. Our meta-regression
analysis using data from controlled feeding stud-
ies in which the ratio of polyunsaturated fatty acid
to saturated fatty acid in the comparison diets was
matched indicated that dietary cholesterol signifi-
cantly increased total cholesterol, but the findings
were not significant for the stronger predictor of
CVD risk, LDL cholesterol, or HDL cholesterol con-
centration.

CONCLUSIONS

Dietary guidance to achieve cardiovascular health
should remain focused on adopting a healthy dietary
pattern, as recommended by the 2015 to 2020 DGA
and current AHA/ACC guidelines. Healthy dietary
patterns are inherently relatively low in cholesterol,
with typical levels similar to the current US intake.
These patterns emphasize fruits, vegetables, whole
grains, low-fat or fat-free dairy products, lean pro-
tein sources, nuts, seeds, and liquid vegetable oils. A
recommendation that gives a specific dietary choles-
terol target within the context of food-based advice
is challenging for clinicians and consumers to imple-
ment; hence, guidance focused on dietary patterns
is more likely to improve diet quality and to promote
cardiovascular health.
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SUGGESTIONS FOR CLINICAL
PRACTICE AND CONSUMERS

To achieve healthy dietary patterns, consumers are ad-
vised to eat a dietary pattern characterized by fruits,
vegetables, whole grains, low-fat or fat-free dairy prod-
ucts, lean protein sources, nuts, seeds, and vegetable
oils, consistent with those recommended in the 2015
to 2020 DGA. These patterns have a relatively high ra-
tio of polyunsaturated fatty acid to saturated fatty acid
and are low in cholesterol, achieved by minimizing the
intake of major sources of saturated fat intake (animal
fats) and including liquid nontropical vegetable oils.
Choosing plant-based protein sources will limit choles-
terol intake.

Given the relatively high content of cholesterol in
egg yolks, it remains advisable to limit intake to current
levels. Healthy individuals can include up to a whole egg
or equivalent daily. A 3-oz serving of shrimp is equiva-
lent to about a whole egg. Shrimp and other shellfish
can be incorporated into a heart-healthy dietary pat-
tern when paired with other lean or plant-based pro-
tein sources. Caveats exist for the following subgroups:

¢ \egetarians (lacto-ovo) who do not consume
meat-based cholesterol-containing foods may
include more dairy and eggs in their diets within
the context of moderation discussed herein.

e Patients with dyslipidemia, particularly those
with diabetes mellitus or at risk for heart failure,
should be cautious in consuming foods rich in
cholesterol.

e For older normocholesterolemic patients, given
the nutritional benefits and convenience of eggs,
consumption of up to 2 eggs per day is accept-
able within the context of a heart-healthy dietary
pattern.

Additional dietary guidance can be found online.”%”!
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