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Abstract

Background: Associations between food patterns and adiposity are poorly understood.

Objective: Two statistical approaches were used to examine the potential association between egg consumption and adiposity.
Methods: Participants (n = 18,987) aged =19y were from the 2001-2008 NHANES who provided 24-h diet recall data, body mass
index (BMI) and waist circumference (WC)-determined adiposity measures, and blood pressure, circulating insulin, glucose, and lipid
concentrations were considered cardiovascular risk factors (CVRFs). Covariate-adjusted least-squares means = SEs were generated.
Results: The first statistical approach categorized participants into egg consumers or nonconsumers. Consumers had higher
mean BMI (in kg/m?; 28.7 *+ 0.19; P = 0.006) and WC (98.2 = 0.43 cm; P = 0.002) than did nonconsumers (28.2 + 0.10 and 96.9
+ 0.23 cm, respectively). Second, cluster analysis identified 8 distinct egg consumption patterns (explaining 39.5% of the variance
in percentage of energy within the food categories). Only 2 egg patterns [egg/meat, poultry, fish (MPF)/grains/vegetables and egg/
MPF/grains], consumed by =2% of the population, drove the association (compared with the no-egg pattern) between egg
consumption and BMI and WC. Another analysis controlled for the standard covariates and the other food groups consumed with
eggs in those 2 egg patterns. Only the egg/MPF/other-grains pattern remained associated with BMI and WC (both P = 0.0063).
The pattern analyses identified associations between an egg pattern (egg/MPF/other grains/potatoes/other beverages) and
diastolic blood pressure (DBP) and serum LDL cholesterol (both P =< 0.0063). A final analysis was conducted by adding percentage
of energy from fast foods and medication use for diabetes to the covariates. The association between the egg/MPF/grains pattern
and BMI and the egg/MPF/potatoes/other beverages and DBP and LDL cholesterol disappeared.

Conclusions: Care needs to be taken with data interpretation of diet and health risk factors and the choice of statistical
analyses and covariates used in the analyses because these studies are typically used to generate hypotheses. Additional

studies are needed to better understand these relations. J Nutr2015;145:170S-6S.
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Introduction

Nutritional epidemiology has involved research that 1) examines
the role of nutrition in the etiology of disease, 2) monitors the
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nutritional status of populations, 3) develops and evaluates
interventions designed to achieve and maintain healthier eating
patterns among populations, and 4) examines the relation
between nutrition and other behaviors on human health and
disease. Until recently, nutritional epidemiology research has
largely focused on the “traditional” or “reductionist” approach,
with investigations into diet and health addressing the effects of
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single nutrients or foods on health outcomes (1). Although this
type of research has greatly advanced nutritional knowledge and
generated valuable hypotheses for future studies and suggestions
for public policy, it has also, at times, resulted in inconsistent
relations between diet and chronic diseases. This is not surpris-
ing given the inherent complexities of these relations. Individuals
do not consume single nutrients or foods but, rather, meals
consisting of a variety of foods with complex combinations of
foods and nutrients that are likely to be interactive or synergistic
(2). It is unclear from the previous research whether observed
relations between diet and health outcomes are due solely to
individual foods or nutrients or whether they indirectly reflect
other nutrients and foods consumed together in a dietary
pattern. Thus, studies at the nutrient or food level often reported
null associations or inconsistent findings. Moreover, lack of
attention to important confounders, including other compo-
nents of diet and behavioral variables, are clear limitations of
earlier research.

In the past decade, there has been a paradigm shift in
nutritional epidemiology to examine associations between diet
and health. Dietary patterns research has been conducted as
a more comprehensive way to characterize complex dietary
exposures (3—10). There is a growing body of literature that has
emerged to explore and assess the impact of dietary patterns on
health outcomes. The case for using theoretically driven or
empirically driven methods for identifying dietary patterns
imposes challenges in data interpretation (5, 8). Limitations of
data collection and analytic issues, such as the interrelation and
correlation of foods within specific patterns, suggest the need for
further research. Inconsistent findings are being found in the use
of the dietary pattern approach with assessing the effect on
health outcomes, which may reflect the statistical approach
and the covariates used and assumptions made a priori in the
analyses.

Health issues related to egg consumption have been the
subject of discussion primarily as it related to coronary heart
disease (11, 12), stroke (12), and individual cardiovascular risk
factors (CVRFs)® (13)—namely, serum total cholesterol (14, 15),
LDL cholesterol (14, 15), type 2 diabetes (16), and metabolic
syndrome (17). There are no population studies in a recent
nationally representative population assessing the relation
between consumption of eggs with weight status. The contribu-
tion of egg consumption to health outcomes is poorly under-
stood, and the findings are inconclusive because of methodologic
and analytic flaws in approaches used in the past.

The goal of this study was to use 2 statistical approaches to
examine the association between egg consumption, adiposity, and
CVREFs in adults by using data from the 2001-2008 NHANES.
Both limitations and advantages to each statistical approach are
discussed along with recommendations for future research.

Methods

Study participants. Data from adults (7 = 18,988) aged =19 y
participating in the 2001-2008 NHANES were combined to increase
sample size (18). Analyses included only individuals with dietary records
deemed complete and reliable by the National Center for Health
Statistics staff; women who were pregnant or lactating were excluded
from analyses. The NHANES has strict protocols and procedures in
place that ensure confidentiality and protect individual participants from
identification using federal laws (19). This was a secondary data analysis

® Abbreviations used: CRP, C-reactive protein; CVRF, cardiovascular risk factor;
DBP, diastolic blood pressure; HEI-2005, Healthy Eating Index-2005; MPF,
meat/poultry/fish; WC, waist circumference.

with a lack of personal identifiers; therefore, this study was exempted by
the Baylor College of Medicine Institutional Review Board (20, 21).
Physical activity was determined by using a questionnaire (22) that
assessed sedentary, moderate, and vigorous physical activity in a typical
week.

Intake data were obtained from What We Eat in America, which
used in-person 24-h dietary recalls with an automated multiple-pass
method (23-25). A single 24-h dietary recall was collected and released
from each participant in 2001-2002; however, beginning in 2003-
2004, 2 d of intake were collected and released. To ensure consistency,
only the data from the in-person interview (first recall) were used for
this study. Detailed descriptions of the dietary interview methods are
available (26). Intake of alcohol (g/d) was determined from the 24-h
dietary recall.

Defining egg consumption and patterns of egg consumption. Egg
consumption was defined as consumption of foods primary composed of
whole eggs (eggs used in baking were not included). The USDA Food and
Nutrient Databases for Dietary Studies (versions 2.0, 3.0, and 4.0) were
used to identify 73 food codes that contained whole eggs (food codes
31101010-32202200).

Energy and nutrient intakes came directly from the total nutrient
intake files. Food group equivalent intakes were determined by using
MyPyramid Equivalents Database versions 1.0 (27) and 2.0 (28) and
when necessary hand matching to similar foods in subsequent NHANES
releases. Intakes for 2005-2008 NHANES were then determined by
multiplying daily intake by food group equivalent composition for each
food and summing over the day. Diet quality (29-31) was determined by
the Healthy Eating Index-2005 (HEI-2005) score, which, in turn, was
determined by using the downloadable code from the Center for
Nutrition Policy and Promotion website (32). Briefly, HEI-2005 was
designed to evaluate 9 major MyPyramid food groups and 3 nutrients.
The 12 HEI-2005 components are summed for a total possible score of
100 points. Higher scores indicate greater dietary intake, except for
SFAs, sodium, and solid fats/alcohol/added sugars, in which higher
subcomponent scores indicate lower intake. Scores are adjusted on an
energy-density basis (per 1000 kcal), which allowed for characterization
of diet quality while controlling for diet quantity.

Physiologic measures. Height, weight, and waist circumference
(WC) were obtained according to the NHANES Anthropometry
Procedures Manual (33). The manual provides information about
equipment, calibration, methods, quality control, and survey proce-
dures. BMI was calculated as body weight (in kg) divided by height (in
m) squared (34).

CVRFs. Health indices that were evaluated included BMI, WC,
diastolic blood pressure (DBP) and systolic blood pressure, serum
HDL cholesterol, serum LDL cholesterol, serum TGs, plasma glucose,
plasma insulin, and serum C-reactive protein (CRP) concentrations.
Three or 4 readings for systolic blood pressure and DBP were recorded
in the NHANES; an average from each set of readings was used in this
study. Venous blood was drawn in the mobile examination center and
total HDL-cholesterol concentrations were determined in nonfasted
individuals and LDL-cholesterol, TG, blood glucose, and insulin
concentrations were determined in only fasted subjects; thus, not all
individuals had laboratory values for all tests. Serum total cholesterol
and plasma glucose were measured spectrophotometrically by using a
series of enzymatic reactions (35). Serum LDL cholesterol was
calculated according to the Friedewald equation and was reported
only for fasting participants (35). Serum HDL cholesterol was
measured by using enzymatic reactions in conjunction with the
heparin-manganese precipitation method or a direct immunoassay
technique (35). Serum insulin was measured by RIA (35), immunoen-
zymometric assay, or ELISA (35). High-sensitivity serum CRP was
measured by particle-enhanced immunoassay with latex-enhanced
nephelometry (35). An index of insulin resistance and sensitivity was
calculated according to the HOMA formula = [fasting plasma or
serum glucose (mmol/L) X fasting plasma or serum insulin (pmol/L)]/
405 (36).
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The Prescription Medication questionnaire was asked, in the home,
by trained interviewers with the use of the Computer-Assisted Personal
Interviewing system. Participants >16 y of age answered for themselves;
a proxy provided information for survey participants who were =16y of
age and for individuals who could not answer the questions themselves.
During the household interview, the participants were asked if they had
taken medications in the past month for which they needed a prescription.
Those who answered “yes” were asked to show the interviewer the
medication containers of all the products used. For each medication
reported, the interviewer entered the product’s complete name from the
container in a computer. If no container was available, the interviewer
asked the participant to verbally report the name of the medication.

Statistical analyses. Two statistical approaches were used to assess the
relation between egg consumption, adiposity, and CVRFs.

Approach 1. Least-squares means = SEs were calculated by using
PROC REGRESS of SUDAAN (SAS Institute) for energy, nutrients,
food groups, diet quality, and CVRFs for consumers and noncon-
sumers of whole eggs. Statistical differences for variables of interest
among egg consumers were determined via ¢ test compared with the
nonconsumers of eggs. A probability of P < 0.05 was considered
significant. Covariates were as follows: age, gender, race/ethnicity,
poverty-income ratio grouped into 3 categories (<1.25, 1.25-3.49,
and >3.49), physical activity level (sedentary, moderate, and
vigorous), smoking status (yes or no), alcohol intake (g/d), and
energy intake (kcal). The HEI-2005 and total energy intake were
not controlled for energy intake, because many of the target intakes
in HEI-2005 are based on per-1000 kcal, which controls for energy.

Approach 2. Egg consumption patterns were identified by using SAS
9.2 PROC CLUSTER (SAS Institute) with the use of NHANES
2001-2008 dietary day 1 weights for all analyses. Patterns of egg
consumption were established by taking the food codes and separating
them into 20 food groupings. All food codes fit in only one of the food
groupings. For each participant, the percentage of egg consumption
kilocalories from each of the 20 food groupings was determined.

Egg consumption patterns were defined by the percentage of energy
provided by each food group (only foods that contributed =5% of keal
were reported). The use of this method resulted in 8 readily identifiable egg
consumption patterns (including no egg consumption), accounting for
~39.5% of the variance in total energy intake. With egg consumption
patterns identified, each participant was placed into one egg consumption
pattern on the basis of their food intake. Least-squares means * SEs
calculated by using PROC REGRESS of SUDAAN for dietary intake,
diet quality (HEI-2005), and physiologic measures were determined for
participants in each egg consumption pattern. Covariates were as follows:
age, gender, race/ethnicity, poverty-income ratio grouped into 3 categories
(<1.25, 1.25-3.49, and >3.49), physical activity level (sedentary, moderate,
and vigorous), smoking status (yes or no), alcohol intake (g/d), and energy
intake for nutrient-related variables (not for energy intake itself, HEI-2005,
or physiologic measures). For non-weight-related physiologic variables,
BMI was also included as a covariate. Statistical differences for variables of
interest were determined via # test comparing with the no-egg-consumption
group. A Bonferroni correction was applied for the multiple comparisons
(0.05/8 clusters), so the effective P value was P < 0.0063.

Food group equivalents that made up 3 egg consumption patterns that
had differences from the no-egg pattern [meat/poultry/fish (MPF), other
grains, potatoes, and other beverages; MPE, other grains, and vegetables;
and MPF and other grains, respectively] were also included as covariates in
the analyses (the no-egg-consumption group was also adjusted for these
additional covariates). In addition, further exploration of other possible
confounding variables identified medication use and percentage of energy
from fast foods as possible mediators of relations initially reported. Thus,
these variables were also added to the models as additional covariates.

Results

Demographic and lifestyle characteristics of the sample
The total sample consisted of 18,988 adults aged =19y (51%
women, 72% non-Hispanic whites, 11% non-Hispanic blacks,
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12% Mexican-American/Hispanic) (Table 1). Sixty-three per-
cent reported sedentary to moderate physical activity, 25%
reported smoking, and 27% reported intake of alcohol. Overall,
diet quality was poor, reflected in a HEI score of 51 of 100
possible points.

Statistical approaches

Approach 1. The association between egg consumption and
CVRFs is presented in Table 2. Adults in the egg consumption
group had significantly higher BMI (P = 0.0060) and WC (P =
0.0018) than did nonconsumers.

Approach 2. Table 3 describes the 8 egg consumption patterns
(includes the no-egg-consumption pattern). Eighty percent of
adults reported not consuming eggs in the 24-h recall. For the
no-egg-consumption group, the main energy sources were MPF/
other grains/other beverages. Eight percent had an egg con-
sumption pattern that included MPF/other grains/potatoes/fruit/
vegetables. Less than 3% consumed 1 of the 6 remaining egg
consumption patterns.

The association between the egg consumption patterns and
CVREFs is presented in Table 4. Adults in egg consumption
patterns 4 (egg/MPF/other grains/vegetables) and 7 (egg with
meat/MPF/other grains) had significantly higher BMI and WC
than did the adults in the no-egg-consumption pattern. Data
suggest that the association between egg consumption and
BMI and WC found by using the first statistical approach was
driven by these 2 specific egg consumption patterns. The use of
this second statistical approach resulted in a new finding.
Adults in egg consumption pattern 3 (egg/MPF/other grains/
potatoes/other beverages) had significantly higher DBP and
LDL cholesterol compared with adults in the no-egg-consumption
pattern.

The association between egg consumption patterns and
CVRFs, adjusted for the standard covariates in addition to the
food groups consumed with eggs, in patterns 3, 4, and 7 is
presented in Table 5. After adjusting for the associated food
groups in these 3 egg consumption patterns (patterns 3, 4, and
7), the association between egg consumption pattern 4 was no
longer associated with BMI and WC compared with the no-egg-

TABLE 1 Demographic and lifestyle characteristics of adults
aged =19y (n = 18,988) participating in the NHANES 2001-2008’

Demographic variables Total weighted sample

Gender, %

Male 49.2 + 0.39

Female 50.9 + 0.39
Race/ethnicity, %

Non-Hispanic white 721 = 1.58

Non-Hispanic black 11.3 = 094

Mexican American/Hispanic 11.7 £1.05

Other 49 + 0.38
Mean poverty-income ratio 3.0 = 0.04
Physical activity intensity, %

Sedentary 30.7 = 0.04

Moderate 327 =053

Vigorous 36.7 = 0.81
Current smoker, % 248 + 0.63
Alcohol consumer, % 26.6 = 0.82
Healthy Eating Index score 51.2 = 0.27

" Values are least-squares means * SEs.
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TABLE 2 Cardiovascular risk factors in adults =19 vy (n =
18,988) by egg consumption: NHANES 2001-2008'

Egg consumption

Yes No
Cardiovascular risk factors n Value n Value P
BMI.? kg/m” 4301 287 + 019 14683 28.2 + 0.10 0.0060
Waist circumference,? cm 4301 98.2 = 0.43 14,688 96.9 = 0.23 0.0018

Diastolic blood pressure,® kPa 4301 9.59 = 0.04 14,688 9.51 = 0.03 0.19
Systalic blood pressure,® kPa 4301 16.4 = 0.05 14,688 16.4 = 0.03 0.62
Serum C-reactive protein,® mg/L 4301 4.10 + 0.10 14,688 4.10 = 0.10 0.73
Serum LDL cholesterol,® mmol/L 2086 3.06 = 0.03 7202 3.02 = 0.02 0.19
Serum HDL cholesterol,® mmol/L 4301 1.37 = 0.01 14,688 1.36 = 0.004 0.12

Serum TGs,® mmol/L 2086 1.57 = 0.06 7202 1.64 = 0.03 024
Plasma glucose,® mmol/L 2086 5.77 = 0.04 7202 569 + 0.02 0.13
Plasma insulin,® pmol/L 2086 69.8 = 1.92 7202 67.3 = 1.14 0.16
HOMA-IR® 2086 3.18 = 0.11 7202 2.98 = 0.06 0.09

"Values are least-squares means * SEs. Systolic/diastolic blood pressure,
kPa = mm Hg X 0.1333; C-reactive protein, mg/L = mg/dL X 10; HDL cholesterol,
mmol/L = mg/dL X 0.002586; LDL cholesterol, mmol/L = mg/dL X 0.002586 X
mg/dL; TGs, mmol/L = mg/dL X 0.01129; glucose, mmol/L = mg/dL X 0.05551;
insulin, pmol/L = mU/L X 6.

2 Adjusted for ethnicity, age, poverty-income ratio, physical activity, smoking, and
alcohol.

3 Adjusted for ethnicity, age, poverty-income ratio, physical activity, smoking,
alcohol, and BMI.

consumption pattern group. However, the relation between
egg consumption pattern 7 and BMI and WC and egg con-
sumption pattern 3 and DBP and LDL cholesterol remained
significant after controlling for the other food groups in those
2 egg consumption patterns.

Demographic and lifestyle characteristics of egg consump-
tion patterns 3 and 7 are presented in Table 6. Compared with
the no-egg-consumption pattern group, adults in egg pattern 3
were younger and had a higher percentage of non-Hispanic
blacks, smokers, and alcohol consumers (alcohol intake was
also significantly higher) and a lower percentage of females and
adults with a BMI (kg/m?) >40 or taking diabetes medication.
Adults in egg consumption pattern 7 consumed significantly
less alcohol and a significantly higher percentage of energy
from fast food than did adults in the no-egg-consumption
group.

Compared with the nonconsumers, a final analysis was
conducted with egg consumption patterns 3 and 7, controlling
for standard covariates, the associated food groups, percent-
age of energy from fast food, and taking medication for
diabetes (e.g., insulin or oral hypoglycemics). The relation
between egg consumption pattern 7 was no longer associated
with BMI; yet, the association with WC remained. The
relation between egg consumption pattern 3 and DBP and
LDL cholesterol no longer remained significant (data not
shown).

Discussion

Results from this study varied considerably depending on
what statistical approach was used in the analyses. Evaluating
all statistical approaches used in this study, it appears that the
association found between egg consumption and BMI and WC
(approach 1) was specifically driven by 2 of 8 egg consumption
patterns: egg/MPF/grains/vegetables (pattern 4) and egg/MPF/

TABLE 3 Pattern, name, and assigned number of the 8 egg patterns with number and percentage of the population consuming those egg patterns’
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TABLE 4 Cardiovascular risk factors in adults =19y (n = 18,988) by egg pattern: NHANES 2001-2008'

Egg pattern
3: Egg/MPF/ 6: Egg/MPF/other
other grains/  4: Egg/MPF/  5: Egg/MPF/  grains/potatoes/
1: Egg/MPF/  2: Egg/other potatoes/other other grains/ other grains/ fruit juice/ 7: Egg with

Cardiovascular risk 0: No eggs? grains grains beverages vegetables desserts vegetables meat/MPF/
factors (n = 14,686) (n=527) (n=533) (n = 646) (n = 465) (n=291) (n = 1575) other grains (n = 264)
BMI,® kg/m? 282 =010 290+ 037 288038 282029 304 = 055* 276 =041 283 £0.24 307 =081
Waist circumference,® cm 969 + 023 989*+096 982097 97.2=*073 101.7 £ 1.19* 955 + 1.03 97.3 = 0.59 101.9 * 1.56%
Diastolic blood Pressure,” kPa 954 £ 003 956 =009 954 *010 993 *0.10* 961 013 945 x0.10 9.53 = 0.05 951 = 0.10
Systolic blood pressure,* kPa 16.4 =003 164 012 164 =015 166 = 0.15 166 = 0.15 163 = 0.14 16.3 = 0.08 16.1 = 0.14
Serum C-reactive protein," mg/L 410 = 0.10 500 = 050 350 =030 4.40 = 0.40 420 =050 430 = 0.60 400 = 0.20 3.90 = 040
Serum LDL cholesterol,* mmol/L 302 = 002 309 = 009 288 + 007 322 + 0.07* 299006 313019 299 = 0.04 327 =£0.10
Serum HDL cholesterol,* mmol/L  1.36 = 0.004 1.39 =002 139 =003 1.35 = 0.02 137 =003 134 £0.03 1.39 = 0.01 1.35 = 0.02
Serum TGs,* mmol/L 164 =003 154 =009 156 =008 150+ 0.08 1.67 =012  1.62 = 0.10 157 =012 1.50 = 0.10
Plasma glucose,* mmol/L 569 =002 564 =016 58 =019 573 = 0.07 597 =016 562 = 0.11 581 = 0.06 553 = 0.07
Plasma insulin,® pmol/L 67.3 114 746 =109 706 =432 76.1 =564 65.0 =552 720 = 468 67.1 £ 2.28 68.3 = 4.14
HOMA-IR® 298 £006 321046 316 024 344031 315*+036 325=*028 313 =017 292 £ 020

" Values are least-squares means + SEs. *Different from no eggs, P < 0.0063 (with Bonferroni correction). Systolic/diastolic blood pressure, kPa = mm Hg x 0.1333; C-reactive
protein, mg/L = mg/dL X 10; HDL cholesterol, mmol/L = mg/dL X 0.002586; LDL cholesterol, mmol/L = mg/dL X 0.002586 X mg/dL; TGs, mmol/L = mg/dL X 0.01129; glucose,

mmol/L = mg/dL X 0.05551; insulin, pmol/L = mU/L X 6. MPF, meat/poultry/fish.
2 Reference group.

2 Adjusted for ethnicity, age, poverty-income ratio, physical activity, smoking, and alcohol.

4 Adjusted for ethnicity, age, poverty-income ratio, physical activity, smoking, alcohol, and BMI.

grains (pattern 7). Moreover, with pattern analysis, a new
finding emerged: egg consumption pattern 3 (egg/MPF/grains/
potatoes/beverages) was associated with DBP and LDL choles-
terol. This raised the question of whether these associations
between the 3 egg consumption patterns and the selected CVRFs
were due to the other food groups consumed with eggs rather
than specifically to egg consumption.

Additional analyses, controlling for the food groups in egg
consumption patterns 3, 4, and 7, were conducted. Thus, with
these analyses, the association between egg consumption pattern
4 and BMI and WC disappeared. However, the relations be-

tween egg consumption patterns 3 (with DBP and LDL choles-
terol) and 7 (with BMI and WC) continued to be significant
compared with the no-egg-consumption pattern.

A striking result was the significantly higher percentage of
energy from fast food in egg consumption pattern 7 compared
with the no-egg-consumption pattern. Given that egg consump-
tion pattern 7 was associated with BMI and WC, it was possible
that the higher percentage of energy from fast food mediated
that association. Thus, when the percentage of energy from fast
food was controlled for in the analyses, the relation between egg
consumption pattern 7 and BMI disappeared, but the relation

TABLE 5 Cardiovascular risk factors in adults =19y (n = 18,988) by egg pattern: NHANES 2001-2008'

Egg pattern

Additionally adjusted for MPF/
grains/potatoes/beverages

Additionally adjusted for MPF/
grains/vegetables

Additionally adjusted for
MPF/other grains

0: No eggs 3: Egg/MPF/grains/potatoes/ 0: No eggs 4: Egg/MPF/grains/ 0: No eggs 7: Egg/MPF/grains

Cardiovascular risk factors (n = 14,686) beverages (n = 646) (n = 14,686) vegetables (n = 465) (n = 14,686) (n = 264)
BMI,2 kg/m? 28.2 +0.10 283 =029 28.2 = 0.10 29.7 + 0.58 28.2 = 0.10 30.7 = 0.81*
Waist circumference,? cm 96.9 = 0.23 97.2 = 0.76 96.9 = 0.23 101.48 = 1.28 96.9 = 0.23 101.9 = 1.57*
Diastolic blood pressure,® kPa 9.54 + 0.03 9.90 = 0.10 954 + 0.03 958 + 0.13 954 + 0.03 951 = 0.10
Systolic blood pressure,® kPa 16.4 * 0.03 16.5 = 0.14 16.4 = 0.03 16.6 = 0.15 16.4 = 0.03 16.1 = 0.14
Serum C-reactive protein,® mg/L 410 = 0.10 420 = 040 410 = 0.10 430 = 0.50 410 = 0.10 3.80 = 040
Serum HDL cholesterol,* mmol/L 1.36 = 0.004 1.38 = 0.02 1.36 = 0.004 1.36 = 0.03 1.36 = 0.005 1.35 = 0.02
Serum LDL cholesterol,® mmol/L 3.02 +0.02 322 +0.07 3.02 +0.02 2.98 + 0.06 3.02 +0.02 328 £0.10
Serum TGs,® mmol/L 1.64 = 0.03 1.46 * 0.09 1.64 + 0.03 1.66 = 0.11 1.64 = 0.03 1.50 = 0.10
Plasma glucose,® mmol/L 5.69 + 0.02 5.79 + 0.07 5.69 + 0.02 593 + 0.16 5.69 + 0.02 553 + 0.07
Plasma insulin,® pmol/L 67.3 = 1.20 69.7 = 594 67.3 = 1.20 61.3 = 540 67.3 = 1.20 68.5 = 4.08
HOMA-IR® 2.98 + 0.06 347 =032 2.98 + 0.06 295+ 035 2.98 + 0.06 290 +0.20

" Values are least-squares means + SEs. *Different from no eggs, P = 0.0063 (with Bonferroni correction). Systolic/diastolic blood pressure, kPa = mm Hg X 0.1333; C-reactive
protein, mg/L = mg/dL X 10; HDL cholesterol, mmol/L = mg/dL X 0.002586; LDL cholesterol, mmol/L = mg/dL X 0.002586 X mg/dL; TGs, mmol/L = mg/dL X 0.01129; glucose,

mmol/L = mg/dL X 0.05551; insulin, pmol/L = mU/L X 6. MPF, meat/poultry/fish.

2 Adjusted for ethnicity, age, poverty income ratio, physical activity, smoking, and alcohol and all other food groups in the pattern (excluding egg consumption).
3 Adjusted for ethnicity, age, poverty income ratio, physical activity, smoking, alcohol, and BMI and all other food groups in the pattern (excluding egg consumption).
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TABLE 6 Characterizing demographic characteristics and lifestyles of people with unique egg consumption patterns’

Egg pattern

Demographic/lifestyle variables 0: No eggs? (n = 14,686)

3: Egg/MPF/grains/potatoes/beverages (n = 646)

7: Egg/MPF/grains (n = 264)

Age, y 458 + 0.31
Female, % 519 = 047
Race/ethnicity, %

White 732 £ 153

African American 109 £ 0.92

Hispanic American 10.8 = 0.92
Mean poverty-income ratio 3.04 = 0.04
Physical activity intensity, %

Sedentary 300 = 0.71

Light 33.1 = 0.63

Moderate-vigorous 369 =092
Current smoker, % 25.4 = 0.69
Alcohol consumer, % 26.2 = 0.86
Alcohol, g/d 106 = 0.41
Energy from fast food, % 129 = 0.40
Food security, %

Marginal/low 17.2 = 0.68
BMI >40 kg/m?, % 544 = 027
Medication for diabetes, % 524 = 0.26

43.0 = 0.54* 475 150
340 = 2.09* 49.2 £ 519
626 * 3.02 66.5 + 4.36
16.2 = 1.84* 10.7 = 2.66
16.8 = 2.37 204 + 383
28 =010 29+ 018
36.1 £ 2.54 32.0 £ 4.08
294 * 263 284 + 475
345 * 249 39.7 £ 479
392 = 2.77* 19.7 = 393
64.9 £ 2.65% 208 = 3.99
48.0 + 2.57* 5.1 = 1.24*
122 = 1.15 216 = 2.26%
252 *= 2.03* 18.7 = 3.07
2.83 = 0.68" 10.1 = 3.16
2.36 £ 0.52* 6.84 = 2.15

" Values are least-squares means *+ SEs. *Different from no eggs, P = 0.001. MPF, meat/poultry/fish.

2 Reference group.

with WC remained. This remaining association may be due to
residual confounding (which will be addressed later in the
discussion) or to other potentially significant variables not mea-
sured in the NHANES. It is unlikely that a single ingredient in a
food pattern is responsible for a relation with WC. This is
particularly true given that only 1.9-ounce equivalents of eggs
were consumed in pattern 7. Among all subjects, the clustering
explained 0.10% of the variation in WC across subjects after
adjustment for covariates.

Another noteworthy finding was that there were differences
in the percentage of the population taking diabetes medication.
However, once medication use was controlled for in the final
analysis, the association between egg consumption pattern 3 and
DBP and LDL cholesterol disappeared. To further complicate
the findings, the percentage of smokers and alcohol consumers
was higher in egg consumption pattern 3, which may explain the
elevated DBP and LDL cholesterol found in this egg consump-
tion pattern. There is sufficient evidence that smoking and ex-
cessive alcohol consumption are adversely associated with blood
pressure and LDL-cholesterol concentrations (37-44); thus,
smoking and alcohol may be mediators in the associations that
were found. However, smoking and alcohol intake were in-
cluded as covariates in the analyses. A possible explanation for a
discrepancy in our interpretation of the results may be due to
residual confounding.

Residual confounding reflects the inability to measure accu-
rately a potentially confounding variable; thus, correction for
confounding is incomplete in the analyses. Measurement error
associated with variables can lead to residual confounding.
Confounding can also be caused by variables that are associated
with both exposure and outcome (45-47). There are 3 potential
causes of residual confounding germane to this study: 1) there
may be additional confounding factors that were not considered
or there was no attempt to adjust for them because data on these
factors were not collected, 2) data on confounding variables
were not precise enough (e.g., smoking status, physical activity),

or 3) there may be errors in the classification of the subjects with
respect to confounding variables.

To our knowledge, this is the first study to demonstrate
differing effects of statistical approaches to assess the relation
between an exposure variable and health outcomes. The relation
between egg consumption and CVRFs varied considerably
depending on the statistical approach and the covariates used
in the analyses. All traditional dietary analyses in epidemiology
share one strong but incorrect assumption: that exposures, such
as foods or nutrients, were measured with great accuracy. Care
needs to be taken with data interpretation of diet and health risk
factors and the choice of statistical approaches because these
epidemiologic studies are used to generate hypotheses. More
studies are needed to develop statistical methods that reduce bias
when evaluating dietary hypotheses in more detail. A number of
methods are being explored, yet they are usually complicated
and will not provide a simple solution (46, 47).
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