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A B S T R A C T

Background: For many years, United States’ dietary policy recommended limiting egg intake to no more than 3/wk in the belief that
restricting dietary cholesterol would lower plasma cholesterol levels and thereby reduce the risk of cardiovascular disease. The evidence
supporting these recommendations is controversial.
Objectives: To examine the impact of eggs, a major contributor to dietary cholesterol intake, on lipid levels and to determine whether these
egg effects are modified by other healthy dietary factors in adults.
Methods: Males and females aged 30–64 y with available 3-d diet record data, without cardiovascular disease and not taking lipid- or
glucose-lowering medications in the prospective Framingham Offspring cohort were included (n ¼ 1852). Analysis of covariance models
were used to compare mean follow-up lipid levels adjusting for age, sex, BMI, and dietary factors. Cox proportional hazard’s models were
used to estimate risk for elevated lipid levels.
Results: Consuming �5 eggs/wk was not adversely associated with lipid outcomes. Among men, consuming �5 (compared with <0.5)
eggs/wk was associated with an 8.6 mg/dL lower total cholesterol level and a 5.9 mg/dL lower LDL cholesterol level, as well as lower
triglycerides. Overall, higher egg intake combined with higher dietary fiber (compared with lower intakes of both) was associated with the
lowest total cholesterol, LDL cholesterol, and LDL cholesterol–to–HDL cholesterol ratio. Finally, diets with higher (compared with lower)
egg intakes in combination with higher total fish or fiber intakes, respectively, were associated with lower risks of developing elevated
(>160 mg/dL) LDL cholesterol levels (hazard ratio: 0.61; 95% confidence interval: 0.44, 0.84; and HR: 0.70; 95% confidence interval: 0.49,
0.98, respectively).
Conclusions: Higher egg intakes were beneficially associated with serum lipids among healthy adults, particularly those who consumed
more fish and dietary fiber.
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Introduction

Abnormal lipid levels, particularly elevated levels of LDL
cholesterol, are a major risk factor for cardiovascular disease
(CVD) [1]. For years, recommendations to limit dietary choles-
terol to prevent CVD have been a fundamental component of diet
policy in the United States, based on the belief that restricting
dietary cholesterol lowers plasma cholesterol levels and LDL
Abbreviations: CVD, cardiovascular disease; TC, total cholesterol; TMAO, trimeth
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cholesterol, thereby reducing the risk of atherosclerotic CVD [2].
These recommendations were based on several lines of evidence
[3], including animal studies with supraphysiologic doses of
dietary cholesterol [4], epidemiologic studies of dietary choles-
terol and ischemic heart disease [5], and some early clinical
trials, often involving high doses of dietary cholesterol [6].

These early studies of dietary cholesterol or egg intakes often
failed to consider other components of the participants’ eating
ylamine-N-oxide.
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patterns. Over time, some investigators concluded that the evi-
dence for dietary cholesterol restriction and lowering of LDL
cholesterol was insufficient [7]. As a result, more recent guide-
lines from the American Heart Association and others have
eliminated some of the specific guidance on dietary cholesterol
intake [1]. Starting in 2015, the Dietary Guidelines Advisory
Committee also determined, based on existing evidence and
conclusions from the American Heart Association and the
American College of Cardiology, that there was insufficient ev-
idence to retain the existing guidelines restricting dietary
cholesterol intake [7–9]. This placed the United States in line
with other countries that have removed dietary cholesterol re-
strictions [10,11].

On the basis of the 2020–2025 Dietary Guidelines for
Americans, eggs are considered to be rich in nutrients and may
be valuable components in a healthy dietary pattern [12]. It
has been shown that some individuals eating more eggs may
have higher intakes of total protein and better overall diet
quality, including higher intakes of fish and plant protein, total
vegetables, total fruit, whole fruit, whole grains, and dairy
[13]. These healthier diet patterns can help to lower the risk of
diet-related chronic illnesses such as type 2 diabetes, CVD, and
certain cancers [14]. Furthermore, analysis of data from the
Framingham Offspring Cohort found that higher egg con-
sumption was associated with lower long-term risks of high
blood pressure and type 2 diabetes [15]. These effects were
strongest among individuals with healthier diet patterns.
Finally, it is also possible that eggs may be consumed as a part
of a less healthy dietary pattern, and in this situation, there
may be an adverse effect on lipid levels and other outcomes
[16–18]. Thus, it is important that we consider other dietary
factors in determining the effects of eggs on outcomes, such as
blood lipids. The goal of this study is to examine the associa-
tion of egg consumption, alone and as a part of a healthy diet
pattern, with fasting lipid levels among adults in the Fra-
mingham Offspring Cohort.

Methods

Participants
This study began in 1971 with the enrollment of 5124

offspring (and their spouses) of the Framingham Original Cohort
[19]. Participants are assessed at ~4-y intervals for CVD and
CVD risk factors, including fasting blood lipids. Three-day diet
records were used to assess diet in the third (1984–1988) and the
fifth (1991–1995) examination visits. For individuals with di-
etary records at both visits, mean egg intake was estimated. If
individuals only had dietary records at 1 examination, then egg
intake from that examination was used. For a majority of the
participants, examination 3 served as the baseline visit, whereas
examination 5 served as the baseline visit for individuals missing
examination 3 dietary data. The present analyses were approved
by the Boston University Institutional Review Board and used
data from the prospective Framingham Offspring cohort.

For these analyses, 4565 participants survived and were be-
tween 30 and 64 y of age at the time of the dietary assessment
and returned for follow-up after the baseline dietary examina-
tions. Of the 4565, 3072 (67.3%) completed the dietary records.
We further excluded 257 individuals with extreme energy intake
values (<1200 or >4000 kcal/d for men; <1000 or >3500 kcal/
2

d for women) or extreme egg intakes (>35 eggs/wk). We further
excluded participants who had a history of cancer (n ¼ 136),
were taking lipid-lowering drugs at baseline (n ¼ 72), had a BMI
<18.5 kg/m2 (n ¼ 22), had heavy alcohol intakes (>20% of
calories/d, n ¼ 61), or who were missing data for lipids or
important confounders retained in the final multivariable models
(n ¼ 491). Finally, we excluded 203 participants with prevalent
CVD at the beginning of follow-up, leaving 1852 participants for
the analyses of continuous lipid outcomes. Additionally, in-
dividuals with prevalent high total cholesterol (TC) (>240 mg/
dL, n ¼ 425), LDL cholesterol (>160 mg/dL, n ¼ 378), or tri-
glycerides (>200 mg/dL, n ¼ 197) at baseline (even though not
taking lipid-lowering medications) were excluded from the
respective Cox proportional hazard’s models, leaving a final
sample of 1427 participants for the evaluation of incident high
TC risk, 1474 for the assessment of incident high LDL cholesterol
risk, and 1655 for the evaluation of incident high triglyceride
levels.

Dietary assessment
Roughly 70% of participants completed food records, result-

ing in ~16,000 d of dietary data. The collected dietary data were
entered into the Nutrient Data System, which was developed at
the University of Minnesota’s Nutrition Coordinating Center for
the calculation of mean intakes of macro- and micronutrients
[20]. Researchers from Boston University linked the underlying
food codes from Nutrient Data System with the USDA food
serving data for eggs and other foods using previously described
methods [21]. Nutrients and food serving were extracted from
whole foods, composite foods, and mixed dishes.

Main outcome measures
Blood specimens were drawn following an overnight fast and

analyzed as previously described using standard methods [22].
For these analyses, TC, LDL cholesterol, LDL cholesterol–to–HDL
cholesterol ratio, and triglycerides were derived from the base-
line visit, and 4 y later. Incident cases of elevated lipid levels
were defined using the following standard definitions for high
TC (>240 mg/dL) and high LDL cholesterol (>160 mg/dL) [23],
as well as high triglycerides, >200 mg/dL [24]. Follow-up for
elevated lipid levels started at the time of baseline dietary
assessment and continued until the first of the following: 1)
incident high TC (for TC analyses), incident high LDL cholesterol
(for LDL analyses), or incident high triglycerides (for triglyceride
analyses) for the 3 respective analyses, 2) start of lipid-lowering
medication use, 3) loss to follow-up, 4) end of follow-up, or 5)
death.

Potential confounders
There were a number of potential confounders considered in

the multivariable models: age, sex, baseline BMI, percent of en-
ergy from saturated fat, percent energy from total fat, fruit and
nonstarchy vegetables, whole grains, the Healthy Eating Index,
and intakes of solid fats, alcohol, and added sugars. Other factors
such as physical activity (a composite score of the number of self-
reported hours performing moderate and vigorous activities),
cigarette smoking, percent energy from carbohydrates, and other
dietary factors were explored as potential confounders but not
retained in the final models because they changed the effect
estimates <5%.
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Statistical analyses
Egg intake was classified as follows: 0 to <0.5 eggs/wk (n ¼

316), 0.5 to <5.0 eggs/wk (n ¼ 1199), and �5.0 eggs/wk (n ¼
337). Dichotomous cutoff values for lower compared with higher
intakes of food groups were selected after considering distribu-
tions of intake: eggs,<3 compared with�3 per week; total dairy,
<1.75 compared with �1.75 cup-equivalents/d; total fish, <7
compared with �7 oz/wk; whole grains, <0.5 compared with
0.5 ounce-equivalents/d; fiber, <17 compared with �17 g/d;
fruits and nonstarchy vegetables, <3 compared with �3 cup-
equivalents/d.

Analysis of covariance modeling was used to compare the
adjusted mean follow-up lipid values across categories of egg
intake as well as categories of egg intake in combination with
intakes of other foods reflecting healthy diet patterns such as
whole grains, fiber, dairy, fruit and nonstarchy vegetables, and
fish. BMI was assessed as a potential intermediate variable and,
was additionally examined in stratified analyses (baseline BMI:
<25 compared with �25 kg/m2). Sex-stratified analysis of
covariance models were also explored.

Cox proportional hazard’s models were used to estimate the
adjusted hazard ratio and 95% confidence interval for long-
term risk of developing high TC, high LDL cholesterol, or
high triglycerides associated with egg intake. In stratified ana-
lyses, the association between egg intake and each dichotomous
lipid outcome was examined independently and in combination
with healthy dietary factors. Statistical Analysis Systems soft-
ware, version 9.4 (SAS Institute), was used to perform all
analyses.
TABLE 1
Baseline characteristics of participants according to egg consumption

Baseline characteristics Weekly egg consum

<0.5

(n ¼ 316)

Age (y) 49.3 � 0.49
Height (inches) 66.4 � 0.14
BMI (kg/m2) 26.1 � 0.25
Physical activity index (metabolic-eq/d) 12.6 � 0.45
Dietary intakes
Energy intake (kcals/d) 1731 � 25
Dietary cholesterol (mg) 172 � 4.42
% calories from protein 17.6 � 0.18
% calories from carbohydrate 47.7 � 0.44
% calories from fat 32.8 � 0.36
% calories from saturated fat 10.9 � 0.16
Fruit and nonstarchy vegetables (cup-eq/d) 2.7 � 0.08
Whole grains (oz-eq/d) 0.6 � 0.04
Dairy (cup-eq/d) 1.3 � 0.05
Dietary fiber (g/d) 16.3 � 0.34

Baseline lipids
Total cholesterol (mg/dL) 202.7 � 1.88
LDL cholesterol (mg/dL) 127.9 � 1.67
LDL cholesterol–to–HDL cholesterol ratio 2.7 � 0.05
Log of triglycerides 4.6 � 0.03

Percent of subjects
Male 114 (36.1)
Smoker (current) 68 (21.5)
More than high school 158 (57.3)

1 Adjusted for sex.
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Results

Baseline characteristics of participants according to their
usual egg intake per week are shown in Table 1. Individuals, who
consumed <0.5 eggs/wk, were more likely to be female; they
tended to consume a higher percentage of energy from carbo-
hydrates and a lower percentage of intake from total fat,
particularly saturated fat intake. Those with an intake of �5
eggs/wk had a slightly higher baseline BMI. In addition, this
level of egg intake was associated with higher overall energy
intake, lower percentages of energy from protein and carbohy-
drates, lower consumption of fruits and nonstarchy vegetables,
and higher intakes of dietary cholesterol.

Table 2 shows that egg intake overall was not associated with
lipid outcomes (i.e., TC, LDL cholesterol, LDL cholester-
ol–to–HDL cholesterol ratio, log of triglycerides). Participants
with overweight (BMI �25 kg/m2) generally had higher lipid
levels than those with a BMI <25 kg/m2, but there were no
adverse associations with egg consumption, regardless of body
weight. Among men, however, higher egg intakes were associ-
ated with a TC level that was 8.6 mg/dL lower (P for trend ¼
0.010) than that of men with the lowest egg intakes. In addition,
those with the highest egg consumption had an LDL cholesterol
level that was 5.9 mg/dL lower (P¼ 0.038). Similarly, higher egg
intakes were associated with the lowest triglyceride levels
among men. There was no association between egg intake and
these outcomes in women.

The effects of egg intake as part of healthy dietary patterns on
mean lipid outcomes are shown in Table 3. In particular, higher
ption

0.5 to <5 �5

(n ¼ 1199) (n ¼ 337)

Mean � SE1 P-trend
48.2 � 0.25 47.9 � 0.48 0.055
66.4 � 0.07 66.7 � 0.14 0.127
25.9 � 0.13 26.8 � 0.24 0.035
12.5 � 0.23 13.3 � 0.44 0.299

1926 � 13 2067 � 25 <0.0001
243.6 � 2.27 401.9 � 4.3 <0.0001
16.8 � 0.09 16.4 � 0.18 <0.0001
46.2 � 0.23 43.9 � 0.43 <0.0001
35.2 � 0.18 38 � 0.35 <0.0001
12.1 � 0.08 13.3 � 0.16 <0.0001
2.6 � 0.04 2.3 � 0.08 0.002
0.6 � 0.02 0.5 � 0.04 0.043
1.4 � 0.03 1.4 � 0.05 0.161
16.2 � 0.17 15.5 � 0.33 0.077

204.9 � 0.96 202.5 � 1.83 0.912
131 � 0.85 127 � 1.62 0.655
2.7 � 0.03 2.6 � 0.05 0.567
4.5 � 0.01 4.6 � 0.03 0.800
N (column %)
513 (42.8) 198 (58.8) <0.0001
252 (21.0) 81 (24.0) 0.493
690 (64.1) 182 (61.3) 0.102



TABLE 2
Egg intake and adjusted mean fasting lipid levels, overall and stratified by baseline BMI and sex

Eggs per week (ages 30 to <65 y) All subjects BMI < 25 BMI � 25 Females Males

N Mean � SE1 N Mean � SE1 N Mean � SE1 N Mean � SE1 N Mean � SE1

Total cholesterol (mg/dL)
<0.5 316 203.1 � 1.87 145 196.5 � 2.60 171 208.2 � 2.62 202 202.4 � 2.27 114 204.6 � 3.10
0.5 to <5 1199 203.8 � 0.95 571 199.0 � 1.31 628 207.7 � 1.36 686 203.7 � 1.23 513 204.1 � 1.46
�5 337 200.3 � 1.82 120 197.2 � 2.89 217 203.6 � 2.33 139 205.4 � 2.75 198 196.0 � 2.35

P-trend 0.273 0.801 0.168 0.413 0.010
LDL cholesterol (mg/dL)
<0.5 316 128.5 � 1.71 145 121.1 � 2.46 171 134.4 � 2.34 202 124.5 � 2.09 114 133.9 � 2.84
0.5 to <5 1199 129.3 � 0.87 571 123.4 � 1.24 628 134.2 � 1.22 686 125.1 � 1.14 513 134.8 � 1.33
�5 337 126.0 � 1.67 120 119.7 � 2.73 217 131.5 � 2.08 139 125.5 � 2.54 198 128.0 � 2.15

P-trend 0.275 0.791 0.326 0.733 0.038
HDL cholesterol (mg/dL)
<0.5 316 51.4 � 0.74 145 57.1 � 1.12 171 46.9 � 0.92 202 57.3 � 0.98 114 44.0 � 1.02
0.5 to <5 1199 52.0 � 0.38 571 57.5 � 0.56 628 47.3 � 0.48 686 57.7 � 0.53 513 44.7 � 0.48
�5 337 51.3 � 0.72 120 59.4 � 1.24 217 45.7 � 0.82 139 58.8 � 1.19 198 43.8 � 0.77

P-trend 0.605 0.145 0.439 0.353 0.666
Log-transformed triglycerides
<0.5 316 4.61 � 0.03 145 4.39 � 0.04 171 4.78 � 0.04 202 4.50 � 0.03 114 4.76 � 0.05
0.5 to <5 1199 4.58 � 0.01 571 4.39 � 0.02 628 4.74 � 0.02 686 4.51 � 0.02 513 4.67 � 0.02
�5 337 4.56 � 0.03 120 4.37 � 0.04 217 4.73 � 0.04 139 4.51 � 0.04 198 4.63 � 0.04

P-trend 0.179 0.709 0.403 0.852 0.042
LDL cholesterol–to–HDL cholesterol ratio
<0.5 316 2.72 � 0.05 145 2.27 � 0.07 171 3.08 � 0.08 202 2.34 � 0.06 114 3.20 � 0.10
0.5 to <5 1199 2.70 � 0.03 571 2.31 � 0.03 628 3.02 � 0.04 686 2.32 � 0.03 513 3.18 � 0.04
�5 337 2.65 � 0.05 120 2.14 � 0.08 217 3.06 � 0.07 139 2.30 � 0.07 198 3.09 � 0.07

P-trend 0.289 0.262 0.971 0.668 0.285

1 Adjusted for age, sex (except in sex-specific models), whole grains, fruit, and nonstarchy vegetables, and BMI (except in BMI-stratified models).

TABLE 3
Egg-related dietary patterns and adjusted mean fasting lipid levels

Dietary
patterns1

Total cholesterol
(mg/dL)

LDL cholesterol
(mg/dL)

HDL cholesterol
(mg/dL)

Log (triglycerides) LDL
cholesterol–to–HDL
cholesterol ratio

N Mean � SE2 P value Mean � SE2 P value Mean � SE2 P value Mean � SE2 P value Mean � SE2 P value

Eggs/dairy
Lower/lower 887 204.7 � 1.12 — 130.0� 1.02 — 51.9 � 0.43 — 4.60 � 0.02 — 2.73 � 0.03 —

Lower/higher 305 201.2 � 1.90 0.109 127.3� 1.73 0.179 51.1 � 0.72 0.357 4.59 � 0.03 0.852 2.70 � 0.05 0.697
Higher/lower 453 202.0 � 1.56 0.152 127.3� 1.42 0.120 52.1 � 0.59 0.727 4.57 � 0.02 0.378 2.66 � 0.04 0.195
Higher/higher 207 200.5 � 2.33 0.106 127.2� 2.13 0.239 51.9 � 0.89 0.996 4.54 � 0.03 0.154 2.63 � 0.07 0.191

Eggs/total fish
Lower/lower 614 203.6 � 1.34 — 129.0� 1.23 — 51.2 � 0.51 — 4.63 � 0.02 — 2.74 � 0.04 —

Lower/higher 578 204.0 � 1.38 0.837 129.6� 1.26 0.713 52.1 � 0.53 0.202 4.56 � 0.02 0.008 2.70 � 0.04 0.402
Higher/lower 340 202.0 � 1.80 0.473 127.6� 1.65 0.488 51.6 � 0.69 0.657 4.59 � 0.03 0.189 2.65 � 0.05 0.153
Higher/higher 320 201.1 � 1.86 0.266 127.0� 1.70 0.332 52.5 � 0.71 0.131 4.54 � 0.03 0.005 2.65 � 0.05 0.135

Eggs/whole grains
Lower/lower 660 206.4 � 1.29 — 131.7� 1.18 — 51.5 � 0.49 — 4.62 � 0.02 — 2.78 � 0.04 —

Lower/higher 532 200.7 � 1.43 0.003 126.4� 1.31 0.003 51.9 � 0.55 0.636 4.57 � 0.02 0.088 2.65 � 0.04 0.013
Higher/lower 388 202.4 � 1.69 0.064 127.4� 1.54 0.029 52.8 � 0.64 0.101 4.56 � 0.02 0.052 2.63 � 0.05 0.010
Higher/higher 272 200.3 � 2.01 0.012 127.1� 1.84 0.037 50.9 � 0.77 0.513 4.57 � 0.03 0.210 2.68 � 0.06 0.131

Eggs/fiber
Lower/lower 745 205.0 � 1.23 — 130.5� 1.12 — 51.4 � 0.47 — 4.61 � 0.02 — 2.77 � 0.03 —

Lower/higher 447 202.0 � 1.58 0.134 127.4� 1.44 0.098 52.1 � 0.60 0.311 4.57 � 0.02 0.165 2.65 � 0.04 0.031
Higher/lower 421 202.7 � 1.62 0.257 128.1� 1.48 0.192 52.2 � 0.62 0.271 4.57 � 0.02 0.198 2.68 � 0.05 0.117
Higher/higher 239 199.5 � 2.18 0.030 125.8� 1.99 0.043 51.7 � 0.83 0.697 4.54 � 0.03 0.075 2.60 � 0.06 0.015

Eggs/fruit and nonstarchy vegetables
Lower/lower 800 204.5 � 1.17 — 129.9� 1.07 — 51.5 � 0.45 — 4.61 � 0.02 — 2.75 � 0.03 —

Lower/higher 392 202.4 � 1.68 0.312 128.2� 1.54 0.371 52.0 � 0.64 0.514 4.57 � 0.02 0.161 2.66 � 0.05 0.124
Higher/lower 475 201.5 � 1.53 0.119 126.6� 1.40 0.062 52.2 � 0.58 0.331 4.58 � 0.02 0.246 2.64 � 0.04 0.047
Higher/higher 185 201.8 � 2.44 0.313 129.1� 2.23 0.762 51.6 � 0.93 0.910 4.53 � 0.04 0.045 2.67 � 0.07 0.288

1 Lower vs. higher egg intake: <3 vs. �3 per week; lower vs. higher dairy intake: <1.75 vs. �1.75 cup-eq/d; lower vs. higher total fish intake, <7
vs.�7 oz/wk; lower vs. higher whole grain intake,<0.5 vs.�0.5 oz-eq/d; lower vs. higher fiber intake,<17 vs.� 17 g/d; lower vs. higher fruit and
nonstarchy vegetable intake, <3 vs. �3 cups/d.
2 Adjusted for age, sex, and BMI.
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egg intake combined with higher intakes of dietary fiber was
associated with a 5.5 mg/dL (P ¼ 0.030) lower TC level, a 4.7
mg/dL (P ¼ 0.043) lower LDL cholesterol level, and a 0.17 (P ¼
0.015) lower LDL cholesterol–to–HDL cholesterol ratio than
those with lower intakes of both. In addition, higher intakes of
eggs, with or without higher intakes of whole grains, were
associated with lower TC and LDL cholesterol compared with the
referent group (those with lower egg and lower whole grain in-
takes). Finally, consumption of more eggs combined with higher
intakes of either fish or fruits and nonstarchy vegetables were
associated with statistically significantly lower triglyceride
levels.

During a follow-up period of ~11 y, the occurrences of
elevated TC, LDL cholesterol, and triglyceride levels in associa-
tion with egg intake are shown in Table 4. There was no
increased risk of developing elevated levels of TC (>240 mg/dL),
LDL cholesterol (>160 mg/dL), or triglycerides (>200 mg/dL)
associated with consuming �5 eggs/wk. There were also no
TABLE 4
Risk of elevated lipid levels associated with weekly egg intake

Eggs/week
(ages 30 to <65 y)

N PY Cases IR/105 PY HR (95% CI)

All participants
Total cholesterol >240 (mg/dL)1

<0.5 236 2432.1 56 23.03 1.00 (Ref.)
0.5 to <5 926 10,262.0 255 24.85 1.07 (0.80, 1.43)
�5 265 2855.1 59 20.67 0.91 (0.62, 1.32)

LDL cholesterol >160 (mg/dL)2

<0.5 256 2560.0 67 26.17 1.00 (Ref.)
0.5 to <5 946 10,342.0 245 23.69 0.93 (0.70, 1.22)
�5 272 2898.6 60 20.70 0.83 (0.58, 1.20)

Triglycerides >200 (mg/dL)2

<0.5 276 2911.5 46 15.80 1.00 (Ref.)
0.5 to <5 1086 12,249.4 198 16.16 1.06 (0.76, 1.46)
�5 293 3185.5 62 19.46 1.30 (0.87, 1.94)

Females
Total cholesterol >240 (mg/dL)1

<0.5 160 1631.6 38 23.29 1.00 (Ref.)
0.5 to <5 540 5934.2 159 26.79 1.09 (0.77, 1.56)
�5 108 1121.7 34 30.31 1.16 (0.72, 1.87)

LDL cholesterol >160 (mg/dL)2

<0.5 170 1693.4 42 24.80 1.00 (Ref.)
0.5 to <5 562 6259.8 132 21.09 0.88 (0.62, 1.25)
�5 114 1190.9 28 23.51 1.08 (0.66, 1.78)

Triglycerides >200 (mg/dL)2

<0.5 187 1958.3 26 13.28 1.00 (Ref.)
0.5 to <5 640 7298.6 103 14.11 1.09 (0.71, 1.69)
�5 126 1372.4 25 18.22 1.38 (0.78, 2.45)

Males
Total cholesterol >240 (mg/dL)1

<0.5 76 800.5 18 22.49 1.00 (Ref.)
0.5 to <5 386 4327.8 96 22.18 0.99 (0.59, 1.64)
�5 157 1733.5 25 14.42 0.66 (0.36, 1.23)

LDL cholesterol >160 (mg/dL)2

<0.5 86 866.6 25 28.85 1.00 (Ref.)
0.5 to <5 384 4082.2 113 27.68 0.98 (0.63, 1.51)
�5 158 1707.6 32 18.74 0.70 (0.41, 1.20)

Triglycerides >200 (mg/dL)2

<0.5 89 953.2 20 20.98 1.00 (Ref.)
0.5 to <5 446 4950.8 95 19.19 1.01 (0.62, 1.65)
�5 167 1813.1 37 20.41 1.22 (0.69, 2.16)

Abbreviations: CI, confidence interval; HR, hazard ratio; IR, incidence
rate; PY, person-years; Ref., reference group.
1 Adjusted for age, sex, percent energy from total fat, and BMI.
2 Adjusted for age, sex, percent energy from saturated fat, and BMI.
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statistically significant increased or decreased risks of elevated
lipid levels in either males or females. Table 5 then examines
these same associations of egg-related dietary patterns with
elevated lipid levels. In particular, selected healthy eating pat-
terns that included eggs were inversely associated with risk of
developing elevated LDL cholesterol levels. Specifically, higher
intakes of eggs, when consumed as part of a diet that included
higher amounts of total fish or dietary fiber, led to 30%–39%
reductions in risk of developing an elevated LDL cholesterol
level. Higher intakes of dietary fiber alone (but not eggs) were
associated with a lower risk of developing elevated triglyceride
levels.

Discussion

In these analyses, consuming �5 eggs/wk was not associated
with adverse increases in blood lipids. In fact, eggs when com-
bined with other eating patterns were inversely associated with
some lipids. For example, in combination with >17 g/d of di-
etary fiber, higher egg consumption was linked with lower levels
of TC, LDL cholesterol, triglycerides, and an LDL cholester-
ol–to–HDL cholesterol ratio after 4 y of follow-up than either
dietary factor alone. Furthermore, healthy egg-related eating
patterns that included higher intakes of fish or dietary fiber were
associated with a 30% lower risk of developing an elevated LDL
cholesterol level. Furthermore, among men, those who
consumed the most eggs had lower levels of TC, LDL cholesterol,
and triglycerides. In previous analyses in this same cohort, we
also found that egg consumption was associated with lower long-
term risks of incident high blood pressure and diabetes [15].
Collectively, our results are consistent with the conclusion that
egg consumption is not adversely associated with blood lipids or
other cardiometabolic risk factors in adults [25].

A number of prospective cohort studies have examined the
effects of egg consumption on TC and LDL cholesterol levels.
However, the results of these studies have been considerably
heterogeneous, leading some to conclude that more well-
conducted studies are needed [26]. Recently, however, an
analysis of egg consumption in 21 countries (from Europe,
Canada, South Asia, Southeast Asia, China, and the Middle East)
in the Prospective Urban Rural Epidemiology study found that
there was no association between egg intake (1 or more eggs/d
compared with <1 egg/wk) and blood lipid levels or CVD risk
[27]. Both observational studies and clinical trials have exam-
ined the association between egg consumption and triglyceride
levels, another important marker of CVD risk. As found in the
current study, most previous reviews and meta-analyses have
found little or no association between egg consumption and
serum triglycerides [26,28–30], even among adults with hyper-
lipidemia [31]. One clinical trial of 10 ordinary eggs per week
compared with DHA-enriched eggs found that both interventions
substantially lowered triglycerides and raised HDL [32]. In
contrast, another trial of 2 eggs/d for 3 mo found no difference in
triglycerides or HDL levels in the high versus low egg group [33].
In the current study, we found beneficial associations with fast-
ing triglycerides and LDL cholesterol only among males. This
finding might be due to the somewhat higher egg intakes in the
highest category of intake in males compared with females.

The current analysis adds additional information to evidence
published over the past 2–3 decades. In a 2017 meta-analysis of



TABLE 5
Egg-related dietary patterns and risks of elevated lipid levels

Dietary patterns1

(ages 30 to <65 y)
Total cholesterol
>240 (mg/dL)2

LDL cholesterol
>160 (mg/dL)3

Triglycerides
>200 (mg/dL)4

N HR (95% CI) N HR (95% CI) N HR (95% CI)

Eggs/dairy
Lower/lower 659 1.00 (Ref.) 697 1.00 (Ref.) 793 1.00 (Ref.)
Lower/higher 239 0.96 (0.71, 1.30) 240 1.08 (0.80, 1.44) 268 0.84 (0.58, 1.20)
Higher/lower 359 0.87 (0.67, 1.13) 368 0.82 (0.63, 1.07) 399 1.12 (0.85, 1.48)
Higher/higher 170 1.03 (0.73, 1.47) 169 0.91 (0.63, 1.30) 195 1.13 (0.78, 1.64)

Eggs/total fish
Lower/lower 477 1.00 (Ref.) 495 1.00 (Ref.) 545 1.00 (Ref.)
Lower/higher 421 1.00 (0.77, 1.29) 442 0.80 (0.62, 1.03) 516 0.91 (0.67, 1.22)
Higher/lower 273 1.08 (0.81, 1.44) 278 0.91 (0.68, 1.22) 300 1.18 (0.85, 1.63)
Higher/higher 256 0.78 (0.57, 1.07) 259 0.61 (0.44, 0.84) 294 1.07 (0.77, 1.48)

Eggs/whole grains
Lower/lower 494 1.00 (Ref.) 514 1.00 (Ref.) 591 1.00 (Ref.)
Lower/higher 404 0.66 (0.51, 0.87) 423 0.77 (0.59, 1.00) 470 0.85 (0.63, 1.14)
Higher/lower 308 0.72 (0.55, 0.96) 316 0.65 (0.48, 0.87) 344 1.06 (0.77, 1.44)
Higher/higher 221 0.86 (0.64, 1.17) 221 0.88 (0.65, 1.19) 250 1.14 (0.82, 1.59)

Eggs/fiber
Lower/lower 571 1.00 (Ref.) 588 1.00 (Ref.) 667 1.00 (Ref.)
Lower/higher 327 0.76 (0.57, 1.02) 349 0.75 (0.57, 0.98) 394 0.63 (0.45, 0.88)
Higher/lower 334 0.86 (0.66, 1.12) 342 0.78 (0.59, 1.02) 382 1.10 (0.83, 1.45)
Higher/higher 195 0.83 (0.59, 1.18) 195 0.70 (0.49, 0.98) 212 0.91 (0.63, 1.32)

Eggs/fruit and nonstarchy vegetables
Lower/lower 618 1.00 (Ref.) 633 1.00 (Ref.) 710 1.00 (Ref.)
Lower/higher 280 0.79 (0.59, 1.05) 304 0.78 (0.59, 1.04) 351 0.73 (0.53, 1.02)
Higher/lower 381 0.88 (0.69, 1.14) 387 0.79 (0.61, 1.02) 423 1.17 (0.89, 1.53)
Higher/higher 148 0.81 (0.56, 1.18) 150 0.73 (0.50, 1.07) 171 0.87 (0.58, 1.30)

Abbreviations: CI, confidence interval; HR, hazard ratio; Ref., reference group.
1 Lower vs. higher egg intake: <3 per wk vs. �3 per wk; lower vs. higher dairy intake, <1.75 vs. �1.75 cups/d; lower vs. higher total fish intake,

<7 vs.�7 oz/wk; lower vs. higher whole grain intake,<0.5 vs.�0.5 oz/d; lower vs. higher fiber intake,<17 vs.�17 g/d; lower vs. higher fruit and
nonstarchy vegetable intake, <3 vs. �3 cups/d.
2 Adjusted for age, sex, percent energy from fat, and BMI.
3 Adjusted for age, sex, percent energy from saturated fat, and BMI.
4 Adjusted for age, sex, BMI, solid fat, alcohol and added sugars.
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randomized clinical trials, investigators found that the con-
sumption of 1–3 eggs/d led to higher levels of TC, LDL choles-
terol, and HDL cholesterol but not to higher triglycerides or a
higher LDL cholesterol–to–HDL cholesterol ratio [28]. In that
study, higher egg consumption was associated with a 4.71
mg/dL increase in LDL cholesterol. A later meta-analysis with
more trials included in the summary estimates found higher egg
intake to lead to a 3.08 mg/dL increase in LDL [30]. Because
both meta-analyses also found eggs to be associated with
increased HDL cholesterol, the LDL cholesterol–to–HDL choles-
terol ratio was unchanged. One meta-analysis found a small
(0.14) increase in this ratio [34], while in our own analyses,
higher egg intakes in combination with other healthy eating
patterns were associated with an LDL cholesterol–to–HDL
cholesterol ratio that was 0.10–0.17 units lower than that of the
reference group. Because higher egg intakes were associated
with lower LDL cholesterol levels, but not higher HDL choles-
terol levels, the lower LDL cholesterol–to–HDL cholesterol ratio
is most likely attributable to the lower LDL cholesterol levels.
Even in the absence of other healthy dietary factors, higher egg
intake in the current study was associated with a slightly lower
LDL cholesterol–to–HDL cholesterol ratio.

Other components in the usual diet have been shown to
impact the association between eggs and dietary cholesterol as
well as CVD risk [35]. In the current study, the intake of dietary
fiber, in particular, was shown to modify the relationship
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between eggs and lipid levels. In addition, both total fat and
saturated fat were found to confound the observed associations
between eggs and certain lipids. Thus, our careful examination of
confounding and effect modification has helped to disentangle
the effects of egg intake from those of other dietary factors.

It has been shown that the dietary cholesterol content of eggs
is not consistently well absorbed, which may explain the absence
of an effect on blood cholesterol levels [36]. The majority of
plasma cholesterol is produced endogenously, and when dietary
cholesterol intake is increased, a compensatory decrease in ab-
sorption or biosynthesis has been shown [37]. Furthermore, it
has been shown that dietary cholesterol is less well absorbed in
individuals with insulin resistance and/or obesity [38]. It has
also been shown that a small number of individuals are hyper-
responsive to the consumption of dietary cholesterol [39,40],
perhaps owing to genetic polymorphisms in the ABCG5 and
ABCG8 genes impacting cholesterol absorption [41], which have
been shown to interact with other dietary patterns [42].

There are several potential mechanisms by which eggs may
benefit or have neutral effects on lipid outcomes. Eggs are rela-
tively low in carbohydrates and calories and contain other
important nutrients [43]. For example, lutein has been shown to
reduce cholesterol accumulation, decrease LDL cholesterol
oxidation, and reduce cytokine production in the aortas of
guinea pigs, thus potentially playing a role in the prevention of
atherosclerosis [44].
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Eggs and other animal-based foods are significant sources of
dietary choline, an essential nutrient that has an important role
in regulating memory and muscle function as well as maintain-
ing a healthy liver [45]. Both choline and carnitine from
animal-source foods are converted in the gut to trimethylamine,
which is, in turn, metabolized to trimethylamine-N-oxide
(TMAO), a known independent risk factor for CVD [46]. The
extent to which dietary choline from eggs is converted to TMAO
is unclear, but it appears that it is not readily metabolized to
TMAO [47]. The phospholipids in eggs, particularly sphingo-
myelin, have been shown to inhibit the absorption of dietary
cholesterol, which could lower serum lipid levels [48]. Another
possible beneficial effect from eggs may relate to observed in-
creases in lipid particle sizes and higher concentrations of HDL
particles [49,50] associated with egg consumption.

Previous studies evaluating the effects of consuming eggs as
part of dietary patterns on lipid outcomes often use data-derived
patterns (i.e., factor analysis) [18,51]. As a result, eggs are often
linked with less healthy eating patterns, such as those with
higher saturated fat. However, when eggs were consumed as part
of a healthier eating pattern, as was shown in the present study,
they were not associated with increased cardiometabolic risk
[13]. It has been previously shown that egg consumers in the
United States tend to also consume more dietary fiber [13], a
finding that may in part explain some of the benefits of a diet
higher in eggs because dietary fiber lowers both TC and LDL
cholesterol by reducing the absorption of cholesterol and fat,
increasing bile acid synthesis and excretion, and producing short
chain fatty acids which also may reduce cholesterol synthesis
[52]. Fish intake may lower triglycerides by displacing carbo-
hydrates in the diet with protein [53] or by direct effects of
omega-3 fatty acids [54].

This study had several strengths. For instance, the dietary
data in this study included nearly 16,000 d of diet records, which
were carefully collected following standardized protocols,
including portion size estimation as well as collection of brands
and recipe data. Furthermore, all participant records were
routinely debriefed by a staff nutritionist. Egg consumption is
likely to be more complete in this study as intake from all
sources, including mixed dishes, was derived from the dietary
records. In addition, data on potential confounders were
collected systematically at each examination visit in Framing-
ham. Nonetheless, we cannot rule out errors in the ascertainment
of the exposure or potential confounding variables that were self-
reported. Another limitation of this study is that only ~70% of
participants provided dietary record data. In addition, we had a
somewhat limited range of egg intake, perhaps due to the
perceived harmful effects of eggs on CVD risk at that time in the
United States’ history. In addition, the somewhat low numbers of
participants consuming �5 eggs/wk limited our power to carry
out subgroup analyses (e.g., males compared with females).
Finally, the homogenous racial and ethnic backgrounds of the
participants in this study mean that we were not able to address
these questions in a more diverse population group.

In conclusion, this longitudinal study finds that higher egg
intakes are not associated with elevated serum lipids in healthy
adults. In fact, when combined with healthy eating patterns that
include more dietary fiber or fish, eggs may be beneficially
associated with lipid outcomes. Future randomized clinical trials
are needed to further evaluate the influence of egg consumption
7

as part of a healthy dietary pattern on blood lipid levels. Overall,
these results provide no evidence that egg intake should be
limited when consumed as a part of a fiber-rich, heart-healthy
diet.
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