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ABSTRACT

Objective: To identify eating styles from 6 eating behaviors and test their association with body mass in-

dex (BMI) among adults.
Design: Cross-sectional analysis of self-report survey data.
Setting: Twelve primary care and specialty clinics in 5 states.

Participants: Of 11,776 adult patients who consented to participate, 9,977 completed survey questions.
Variables Measured: Frequency of eating healthy food, frequency of eating unhealthy food, breakfast
frequency, frequency of snacking, overall diet quality, and problem eating behaviors. The primary depen-
dent variable was BMI, calculated from self-reported height and weight data.

Analysis: k-Means cluster analysis of eating behaviors was used to determine eating styles. A categorical
variable representing each eating style cluster was entered in a multivariate linear regression predicting
BMI, controlling for covariates.

Results: Four cating styles were identified and defined by healthy vs unhealthy diet patterns and engage-
ment in problem eating behaviors. Each group had significantly higher average BMI than the healthy
eating style: healthy with problem eating behaviors (8 = 1.9; P < .001), unhealthy (8 = 2.5; P < .001),
and unhealthy with problem eating behaviors (8 = 5.1; P < .001).

Conclusions and Implications: Future attempts to improve eating styles should address not only the
consumption of healthy foods but also snacking behaviors and the emotional component of eating.
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INTRODUCTION

Fighting obesity requires more than
eatingless and exercising more. Certainly
caloric intake and physical activity fre-
quency and intensity are the primary
determinants of energy balance. Howev-
er, both weight loss and maintenance

of healthy weight are best achieved
through sustained adherence to a
broader range of healthy eating (eg,
increased fruit/vegetable intake) and
physical activity (eg, reduced seden-
tary time) behaviors. Based on a foun-
dational understanding of the complex
and multilevel determinants of healthy
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eating and healthy physical activity,
much work has been done to develop
interventions that facilitate these
healthy behaviors."” In the US
obesity affects 36.5% of adults and
17.0% of children.” With the long-
term health complications of obesity,
including diabetes, heart disease, and
cancer, the continued effort to under-
stand which eating behaviors support
achieving a healthy weight is of para-
mount importance.*®

Changes in eating behaviors have
been independently associated with
long-term changes in weight.® In
particular, behaviors such as skipping
meals, snacking, drinking sweetened
beverages, and eating fast food were
frequently studied as potential contrib-
utors to obesity.”” Strong evidence links
skipping breakfast with obesity, particularly
among children.'®!'" However, a recent
meta-analysis of 153 articles exam-
ining the association between eating
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behaviors and obesity among adults
and children concluded that evidence
was insufficient to draw meaningful
conclusions owing to 2 major limita-
tions.'? First, most existing studies
did not adequately consider potential
confounders of the proposed associa-
tions. Second, most existing studies
considered only how a single eating
behavior was associated with obesity
and did not account for the contribu-
tion of other potentially related eating
behaviors.

Therefore, the objective of this study
was to address the existing gap in the
literature by considering how a broad
range of eating behaviors relate to body
mass index (BMI), controlling for po-
tential confounders including socio-
demographics (ie, age, gender, race/
ethnicity) and physical activity in a
large sample of adults. This was accom-
plished by first considering how 6
measures of diet quality and eating be-
haviors clustered together into patterns
of eating styles, and then testing
whether those eating styles were asso-
ciated with BMI.

METHODS
Participants and Procedures

The researchers conducted analyses on
cross-sectional survey data collected be-
tween August, 2014 and November,
2015. The primary mode of survey
administration was via an electronic
survey delivered on a tablet computer
or an e-mailed survey link using
REDCap."? Participants recruited in per-
son also had the option to complete a
paper survey. The survey consisted of
72 items that queried participants about
demographic and background informa-
tion as well as health behaviors, and
took participants an average of 17 mi-
nutes to complete. This study received
approval from the Vanderbilt Univer-
sity Institutional Review Board. All par-
ticipants signed informed consent
before participating and received a $10
gift card for completing the survey.
Patients were recruited from medical
clinics in 3 health networks from the Pa-
tient Centered Outcomes Research
Institute-funded Mid-South Clinical
Data Research Network (CDRN).!* The
Mid-South CDRN integrates a clinical
data infrastructure across the US, con-
sisting of: (1) Vanderbilt University
Medical Center partnering with
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Meharry Medical College, (2) the Van-
derbilt Healthcare Affiliated Network,
(3) Greenway Health, and (4) the Caro-
linas Collaborative, a consortium of 4 aca-
demic health systems and multiple
community health systems across
North Carolina and South Carolina.
This study recruited participants from
Vanderbilt, the Vanderbilt Healthcare
Affiliated Network, and Greenway
Health. The final sample of partici-
pants was recruited from 12 medical
clinics, a mixture of primary care and
subspecialty  clinics. ~ Recruitment
occurred using 4 principal approaches:
face-to-face recruitment in medical
clinics, an e-mail sent directly from a
patient's medical provider, an e-mail
sent from the research team, or an e-
mail sent from a clinic's medical direc-
tor. To be eligible, participants: (1)
were aged =18 years; (2) had =1 clinic
note in the electronic health record
(EHR) since April 30, 2009; (3) had
=2 weight measures in the EHR since
April 30, 2009; and (4) had =1 height
measurement in the EHR after age
18 years. The survey was conducted
exclusively in English. Participants
were excluded if they had a mental
condition or visual acuity that pre-
cluded participation (assessed by the
research team at the time of face-to-
face survey administration). Figure 1
shows a diagram of recruitment flow
for the study.

Measures

The primary independent (predictor)
variables consisted of 6 self-report eating
behaviors: (1) frequency of eating
healthy food (2 items); (2) frequency of
eating unhealthy food (3 items); (3)
breakfast frequency (1 item); (4) fre-
quency of snacking (1 item); (5) overall
diet quality (1 item); and (6) problem
eating behaviors (4 items). A complete
list of survey items included in this anal-
ysis and how they were scored is avail-
able in the Supplementary Material.
The frequency of healthy and un-
healthy food scores as well as the mea-
sure of problem eating behaviors were
developed based on a factor analysis of
9 items from the survey, each of which
was answered on a 4-point response
scale from 1 = never to 4 = often; once
aday or more. The healthy food variable
was a composite frequency of eating
fruits and vegetables (range, 2-8).
The unhealthy food variable was a

composite frequency of consuming
fast food, sugary drinks, and desserts
(range, 3-12). Self-reported frequencies
of eating breakfast and snacking were
scored on a 3-point response scale from
0 = never to 2 = daily. Self-reported
diet quality was scored on a S-point
response scale from 1 = poor to
5 = excellent. These items were used in
previous survey research and demon-
strated validity in those contexts (ie,
a prospective cohort of 3,000 hospital-
ized patients with acute coronary syn-
drome or heart failure'>; and 67,928
participants enrolled in the Southern
Community Cohort Study).'® The 4-
item measure of problem eating be-
haviors was based on a previously vali-
dated scale; in this study it had high
internal  consistency  (Cronbach
o =.83)."

The primary dependent variable was
BMI, calculated from self-reported height
and weight data. Demographic variables
were all self-reported and included age,
gender, race/ethnicity, and household
income. Self-reported physical activity
was assessed as a potential confounder
with a single item that ranged from
1 =Iam very inactive to S =Iam active
most days.

Demographic characteristics including
age, gender, household income, and
race/ethnicity were summarized using
mean and SD for continuous variables
and proportions for categorical vari-
ables. Annual household income was
categorized into 3 mutually exclusive
categories (<$35,000, $35,000 to
$75,000, and >$75,000). Race/ethnicity
was categorized into 4 mutually exclu-
sive categories (white, non-Hispanic;
black, non-Hispanic; Hispanic; and
other, non-Hispanic).

Analytic Strategy

k-Means cluster analysis was used for
the 6 independent eating behavior
variables to determine eating styles.
A scree plot of the weighted sum of
squares and the proportional reduc-
tion of the weighted sum of squares
against a range of potential clusters
(range, 1-20) was used to identify
the optimal number of clusters neces-
sary to prespecify in the k-means algo-
rithm.'® Based on the scree plot, 4
initial centroids were randomly iden-
tified and 10,000 repetitions of the k-
means algorithm were conducted to
achieve convergence of the solution
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