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Abstract
Background—Binge eating predisposes children to excessive weight gain. However, it is
unknown if pediatric binge eating predicts other obesity-associated adverse health outcomes.

Objective—The objective of this study was to investigate the relationship between binge eating
and metabolic syndrome (MetS) in children.

Method—Children 5–12 y at high risk for adult obesity, either because they were overweight/
obese when first examined or because their parents were overweight/obese, were recruited from
Washington, DC and its suburbs. Children completed a questionnaire assessment of binge eating
at baseline and underwent measurements of MetS components at baseline and at a follow-up visit
approximately 5 years later. Magnetic resonance imaging was used to measure visceral adipose
tissue (VAT) in a subset.

Results—One hundred eighty children were studied between July, 1996 and August, 2010.
Baseline self-reported binge eating presence was associated with a 5.33 greater odds of having
MetS at follow-up (95% CI: 1.47, 19.27, p = 0.01). The association between binge eating and BMI
only partially explained changes in MetS components: baseline binge eating predicted higher
follow-up triglycerides, even after accounting for baseline triglycerides, baseline BMI, BMI
change, sex, race, baseline age, and time in study (p = 0.05). Also, adjusting for baseline VAT and
demographics, baseline binge eating predicted greater follow-up L2-3 VAT (p = 0.01).
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Discussion—Children’s reports of binge eating predicted development of MetS, worsening
triglycerides, and increased VAT. The excessive weight gain associated with children’s binge
eating partly explained its adverse metabolic health outcomes. Reported binge eating may
represent an early behavioral marker upon which to focus interventions for obesity and MetS.
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Binge eating, defined as the consumption of a large amount of food while experiencing a
sense of loss of control over eating, is the hallmark behavior of binge eating disorder (BED)
[1]. Although few children meet full-syndrome criteria for BED, a substantial proportion
report engaging in infrequent episodes of binge eating [2]. Studies indicate that the presence
of even infrequent binge eating in children is a prospective risk factor for excessive gain in
weight [3] and body fat [4] over time. However, there are limited longitudinal data regarding
other potential adverse health outcomes of binge eating in youth.

The metabolic syndrome (MetS) is a cluster of metabolic abnormalities associated with
obesity. Although there are no definitive criteria for MetS in youth, there is consensus that,
as in adults, the syndrome consist of abdominal obesity (≥90th percentile for age and sex),
impaired fasting glucose (≥100 mg/dL), high triglycerides (≥90th percentile for age and sex),
low HDL-cholesterol (≤10th percentile for age and sex), and high blood pressure (≥90th

percentile for age, sex, and height) [5–8]. Despite moderate instability of MetS in youth [9],
pediatric MetS may place children at elevated risk for the presence of adult MetS and the
development of cardiovascular disease and type 2 diabetes [10–13].

There is a strong link between children’s binge eating and excessive body weight and
adiposity [2]. Yet, there are virtually no data examining the relationship of binge eating to
MetS and its components in youth. One cross-sectional study of obese children seeking
weight-loss treatment found no significant differences in metabolic characteristics between
those with and without binge eating [14]. Studies of adults with and without BED suggest
that irregular eating patterns such as skipping meals are cross-sectionally, positively
associated with MetS presence [15, 16]. Furthermore, in a prospective study of adults with
and without BED, matched for age, sex, and baseline body mass index (BMI, kg/m2), those
with BED were significantly more likely than those without BED to develop components of
MetS, specifically, dyslipidemia, hypertension, and dysglycemia, five years later [17].

No study has prospectively studied the impact of binge eating on the development of MetS
or its components in children. We, therefore, longitudinally assessed the relationship of
children’s self-reported binge eating with the development of MetS and changes in its
components among non-treatment-seeking children. We hypothesized that binge eating at
baseline would significantly predict greater odds of developing MetS and worsening of
MetS components over time. Moreover, given the strong association between children’s
binge eating and excessive body weight gain in youth [3, 4], we tested whether any observed
relationships between binge eating and development of MetS or its components were
independent of, or largely explained by, BMI change.

Subjects and Methods
Participants

A non-treatment seeking sample of overweight or obese and non-overweight children (age
5–12 years) was studied between July, 1996 and August, 2010 (ClinicalTrials.gov IDs:
NCT00001522 and NCT00001195). Children were believed to be at increased risk (beyond
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shared environmental risk) for adult obesity by virtue of their own overweight or obesity
(BMI for age and sex ≥85th percentile [18] or their parents’ overweight or obesity (BMI ≥25
kg/m2). Participants were recruited through two waves of notices mailed to 1st through 5th

grade children in the Montgomery County and Prince Georges County, Maryland school
districts, advertisements in local newspapers, and two mailings to local family physicians
and pediatricians. Mailings to families and physicians requested participation of children
willing to undergo phlebotomy and imaging assessments for studies investigating hormones
and metabolic functioning in children. All understood that they would not receive treatment
as part of the study, but would be financially compensated for their participation. Children
were healthy and medication-free for at least two weeks prior to baseline evaluation. By
design, the sample was enriched for overweight youth. Children provided written assent and
parents gave written consent for participation in the protocol. Study protocols were approved
by the Eunice Kennedy Shriver National Institute of Child Health and Human Development
Institutional Review Board.

Procedure
Participants were seen for a baseline assessment and then again a minimum of 2 years later
for a follow-up assessment.

Binge eating—At baseline, children completed the Questionnaire on Eating and Weight
Patterns – Adolescent Version [19], a self-report measure based upon the adult
Questionnaire on Eating and Weight Patterns – Revised [20], to assess their frequency of
reported binge eating. This questionnaire is a screening tool designed to identify children
with possible DSM-IV-Text Revision [1] bulimia nervosa and BED. Questions were read to
very young (<8 years of age) children and explanations offered by trained research assistants
as previously described [21]. For purposes of the current study, children were categorized as
those never reporting binge eating and those who reported at least 1 episode of binge eating
in the 6 months prior to the visit.

MetS—At baseline and follow-up visits, components of MetS were assessed following an
overnight fast. Weight, height, and waist circumference were obtained with the use of
standardized techniques [22]. Weight was measured to the nearest 0.1 kg by using a
calibrated digital scale (Scale-Tronix, Wheaton, IL). Height was measured in triplicate to the
nearest 1 mm by using a stadiometer calibrated before each set of height measurements
(Holtain Ltd, Crymych, Wales). BMI was calculated as weight in kg divided by height in
m2, and BMI standard deviation (z) scores for sex and age were calculated according to the
Centers for Disease Control and Prevention 2000 standards [18]. Abdominal waist
circumference was measured with a flexible non-elastic tape measure just above the lateral
border of the iliac crest. Blood pressure (Dynamap, GE Heathcare) was measured via
automated oscillometric device (Dinamap, GE Heathcare) at the right brachial artery while
participants were seated. Venous blood sampling was performed in children for serum
glucose and lipids. Glucose, total cholesterol, and triglycerides were measured on a Hitachi
917 analyzer using reagents from Roche Diagnostics (Indianapolis, IN). Direct
determinations of HDL-cholesterol were performed on a Cobas FARA analyzer (Roche
Diagnostics, Indianapolis, IN) using reagents from Sigma Chemical (St. Louis, MO).

MetS was defined using an age- and sex-specific percentile-based cut-off definition
commonly used in previous reports [9, 23–26]. The MetS definition used values of at least
90th percentile for waist circumference[6], systolic or diastolic blood pressure [8], and
triglycerides [27] and no higher than 10th percentile for HDL cholesterol[7]. A fasting
glucose value of at least 100 mg/dL was used to indicate impaired fasting glucose. MetS was
considered present when a child met the cut-off points for at least three of these factors.
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Intra-abdominal Adipose Tissue by Magnetic Resonance Imaging—A subset of
youth in the larger study opted to participate in abdominal magnetic resonance imaging
(MRI), utilized for a more precise assessment of abdominal adiposity at baseline and follow-
up. The MRI scan was obtained through the abdomen of each participant with the plane of
section parallel to the lumbar disc spaces. Contiguous, 1-cm transaxial, T1-weighted spin-
echo magnetic resonance images (0.5 T, relaxation time = 400 ms, time of excitation = 10
ms, number of repetitions of excitations = 10) were obtained from sections encompassing
L2-3 and L4-5. On each image, the body circumference and cross-sectional areas of the
subcutaneous and total fat were measured by one observer. The visceral adipose tissue
(VAT) measurement was determined by subtracting the subcutaneous fat from the total body
fat in each section.

Statistical Analyses
Analyses were conducted with SPSS 18.0 and SAS 9.2. Data were screened for problems of
outliers, skew, and kurtosis [28]. According to our a priori analytic plan, to prepare data for
analyses, outliers (<3% of all data points) were adjusted to fall 1.5 times the interquartile
range below the 25th percentile or above the 75th percentile (e.g., to the whiskers in Tukey’s
boxplot [29]). We routinely utilize this strategy because it minimizes outliers’ influence on
the characteristics of the distribution, minimally changes the distribution overall, and avoids
potential bias associated with eliminating outliers altogether. Skew and kurtosis were
satisfactory on all variables. Missing data patterns were characterized to test baseline
differences in study variables between children who did and did not complete a follow-up
assessment. Independent samples t-tests and chi-square analyses were used to describe
baseline differences in demographic, anthropometric and metabolic characteristics between
youth with and without binge eating (presence versus absence) at baseline. Chi-square and
logistic regression analyses were used to describe the relationship between binge eating
presence at baseline and presence of MetS at follow-up. Baseline BMI (kg/m2) was
considered as a covariate. A series of analyses of covariance (ANCOVAs) were conducted
with the follow-up MetS components as the dependent variable (follow-up waist
circumference, blood pressure, triglycerides, HDL cholesterol, or glucose), and binge eating
(presence versus absence) as the independent variable. Covariates included the baseline
MetS component that corresponded to the dependent variable (baseline waist circumference,
blood pressure, triglycerides, HDL cholesterol, or glucose), baseline age (years), sex, race
(Caucasian versus Other), time in study (years between baseline and follow-up), and
baseline BMI (kg/m2). Baseline BMI was included so that any observed effects of binge
eating on the development of components of a MetS would be determined after controlling
for body weight. We also calculated the effects of baseline binge eating on MetS
components when including BMI change from baseline to follow-up as an additional
covariate in the models. Pubertal stage was considered as a covariate, but it was removed
because of its multi-collinearity with age. Its inclusion did not alter the significance or
direction of any effects for binge eating.

We conducted secondary analyses examining binge eating as a predictor of MetS and its
components using multiple imputation to handle missing data. The missing data model
included demographic characteristics (sex, race, and baseline age), body measurements
(baseline BMI and BMI change from baseline to follow-up), MetS components (baseline
and follow-up waist circumference, blood pressure, triglycerides, HDL cholesterol, and
glucose), binge eating, and time from baseline to follow-up. Ten imputed data sets were
produced due to the large missing data fraction [30, 31]. Following standard multiple
imputation procedures, each data set was analyzed separately, and then, the effects were
combined using the SAS MIANALYZE procedure.
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In the sub-group of youth who completed MRIs at baseline and follow-up, ANCOVAS were
conducted with follow-up abdominal fat (L2-3 or L4-5) as the dependent variable and binge
eating status as the independent variable. Covariates included baseline abdominal fat (L2-3
or L4-5), age, sex, race, and time in study. In a second model, we included total
subcutaneous abdominal fat (L2-3 or L4-5) in addition to the aforementioned covariates. We
did not conduct multiple imputation with MRI data given that only a small subset of youth
in the larger study completed these procedures (33.5%).

For all analyses, effects were considered significant when P < 0.05. All tests were two-
tailed.

Results
Participant Characteristics

One hundred eighty youth completed a baseline screening appointment. Table 1 presents
baseline differences in demographic, anthropometric, and metabolic characteristics among
youth with and without binge eating. No child met BED criteria [1]. A smaller percentage of
children who reported baseline binge eating were Caucasian (vs. Other race/ethnicity)
compared to children without binge eating (P < 0.01). Children with binge eating had a
higher baseline BMI, BMI-z score, and greater baseline waist circumference than children
without binge eating (Ps ≤ 0.001; Table 1). At baseline, a total of 11 children met criteria for
MetS. All met the threshold for waist circumference and HDL cholesterol. Nine met the
threshold for triglycerides, two for blood pressure, and one for impaired fasting glucose.

Of those who attended a baseline assessment, 148 (82.2%) returned for a follow-up
appointment an average of 5.4±1.9 years later (range = 2.1–8.6 years) to re-assess MetS
components. Baseline and follow-up MetS data were available in 11–16 binge eating and
99–126 no binge eating participants. There were no significant differences on any study
variable between youth who did and did not return for a follow-up visit. At follow-up, a total
of 18 participants met criteria for MetS. Of the 11 children who had MetS at baseline, 3
were lost to follow-up, 6 continued to have MetS, and 2 no longer met MetS criteria. Twelve
youth who did not have MetS at baseline developed MetS at follow-up.

Baseline Binge Eating as a Predictor of Follow-up MetS
A significantly greater percentage (41.7%; n = 5 of 12) of children with baseline binge
eating had MetS at follow-up compared to children without baseline binge eating (11.8%, n
= 13 of 110, P = 0.006). Baseline binge eating presence was associated with a 5.33 greater
odds of having MetS at follow-up (95% CI: 1.47, 19.27, P = 0.01). Accounting for baseline
BMI, baseline binge eating presence was no longer significantly associated with having
MetS at follow-up (Odds Ratio: 2.26, 95% CI: 0.53, 9.72, P = 0.27). When selecting only
children who did not meet criteria for MetS at baseline, findings were similar. Children’s
baseline binge eating remained significantly associated with MetS at follow-up, such that
33.3% of children with baseline binge eating developed MetS at follow-up compared to
9.1% of children without baseline binge eating (P = 0.027). However, accounting for
baseline BMI, the association between baseline binge eating and development of MetS was
not statistically significant (Odds Ratio: 2.49, 95% CI: 0.43, 14.25, P = 0.31). Findings were
similar when employing multiple imputation; there was a trend association between
children’s binge eating at baseline and MetS at follow-up (F = 3.59, P = 0.065) and the
association between binge eating at baseline and MetS at follow-up was not significant after
controlling for baseline BMI (Odds Ratio: 1.67, 95% CI: −0.73, 2.06, P = 0.34).
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Baseline Binge Eating as a Predictor of Follow-up Components of MetS
Table 2 displays the analyses testing binge eating as a predictor of follow-up MetS
components. Accounting for covariates, children’s baseline binge eating predicted follow-up
triglycerides such that those with baseline binge eating had higher triglycerides at follow-up
than children without binge eating at baseline (P = 0.02; Figure 1). By contrast, baseline
binge eating did not significantly predict follow-up waist circumference (P = 0.15), systolic
blood pressure (P = 0.07), diastolic blood pressure (P = 0.50), HDL cholesterol (P = 0.13),
or glucose (P = 0.50). The association between children’s baseline binge eating and follow-
up triglycerides remained significant (P = 0.05) when BMI change was added to the model.
In analyses utilizing imputed data to example baseline binge eating as a predictor of follow-
up MetS components, all findings were similar in direction and significance (see Table 2).

Binge Eating and Intra-Abdominal Adipose Tissue via MRI
One hundred nineteen children completed an MRI at baseline. There was no difference
between children who did and did not complete an MRI at baseline with regard to sex, race,
binge presence, age, BMI-z, waist circumference, systolic or diastolic blood pressure,
triglycerides, HDL cholesterol or glucose. However, a greater percentage of those who
completed an MRI had MetS at baseline (9.6%) compared to those who did not have an MRI
(0%, P = 0.013). Of those, 62 (52.1%) completed a second MRI at follow-up (binge eating n
= 9, no binge eating n = 53). Longitudinal analyses examining binge eating as a predictor of
follow-up adipose tissue are displayed in Table 3. Children’s binge eating at baseline
significantly predicted follow-up visceral adipose tissue at L2-3, accounting for baseline
visceral adipose tissue at L2-3, baseline age, sex, race, and time in study (P = 0.01; Figure 2).
In secondary analyses including the same covariates as well as baseline subcutaneous fat at
L2-3, the finding was attenuated (P = 0.06). Binge eating did not predict follow-up VAT at
L4-5 with all covariates in the model including baseline VAT at L4-5 (P = 0.20) or when
baseline subcutaneous fat at L4-5 was added to the model (P = 0.55).

Post-Hoc Binge Eating Interactions with Pubertal Stage and Sex
In post-hoc analyses, we explored whether there were any significant interactional effects of
binge eating with baseline pubertal stage or with sex in the prediction of follow-up waist
circumference, blood pressure, triglycerides, HDL cholesterol, glucose, or VAT at L2-3 or
L4-5. In the analyses examining binge eating by pubertal stage interactions, the main effect
of pubertal stage and the binge eating by pubertal stage interaction were added to models.
The binge eating by pubertal stage interaction was not significant in any model (Ps = 0.10–
0.94). The binge eating by sex interaction was significant for systolic blood pressure (P =
0.02). Accounting for baseline systolic blood pressure, baseline age, race, time in study,
baseline BMI, and BMI change, boys with baseline binge eating had higher follow-up
systolic blood pressure than boys without baseline binge eating (M±SE 130.3±4.3 vs.
117.5±1.5, P < 0.01). In contrast, girls with and without baseline binge eating did not differ
in their follow-up systolic blood pressure (116.7±3.9 vs. 119.9±1.3, P = 0.45). No other
binge eating by sex interaction reached significance (Ps = 0.09–0.75).

Discussion
In a prospective examination of non-treatment seeking children at high-risk for adult
obesity, those who reported binge eating at baseline were at greater risk for having
metabolic syndrome (MetS) at baseline and developing MetS approximately 5 years later
than children without baseline binge eating in unadjusted analyses. The association between
children’s infrequent episodes of binge eating and subsequent MetS is potentially important
because the cluster of metabolic abnormalities that comprise pediatric MetS is related to
heightened risk for cardiovascular disease and type 2 diabetes onset in adulthood [32–35].
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The relationship between baseline binge eating and follow-up MetS was attenuated after
adjustment for baseline BMI and BMI change. These observations suggest that children with
binge eating may be, in large measure, at increased odds of acquiring MetS because they are
heavier and gaining excessive weight over time [3, 4].

Children’s reported binge eating also predicted greater increases in several components of
MetS independent of body mass or abdominal fat. Baseline binge eating predicted
worsening triglycerides independent of both baseline BMI and BMI change over time. This
pattern is consistent with Hudson and colleagues’ result that adults with full-syndrome BED
had greater odds of developing dyslipidemia after accounting for BMI gain [17]. The eating
patterns that characterize youth who report binge eating partially may contribute to
significantly greater increases in triglycerides relative to youth without binge eating.
Reported [36] and observational laboratory [37] data suggest that children with binge eating
patterns consume more energy from carbohydrate and refined sugar in desserts and snacks
compared to youth without such behaviors. Consumption of simple carbohydrates has been
shown to impact serum triglycerides adversely [38, 39]. We therefore hypothesize that
altered macronutrient selection may be one mechanism by which children’s binge eating
promotes worsening triglycerides.

In line with the robust effect of binge eating on excessive weight gain observed in prior
reports [3, 4], children’s baseline binge eating also predicted greater follow-up visceral fat,
accounting for baseline fat and other relevant covariates. Notably, this relationship was
found using MRI, which generates a more precise measurement of visceral adiposity than
simple waist circumference. The link between children’s binge eating and greater gains in
central adiposity is troublesome in light of some [40], but not all [41], data indicating that
central fat may be a significant risk factor for cardiovascular disease. The mechanisms by
which binge eating may promote visceral fat gain are poorly understood. Children’s binge
eating often occurs in response to emotional triggers (e.g., interpersonal conflict) or stress
[42], which in turn, has been linked to abdominal fat deposition in adults [43]. Therefore,
one possibility is that binge eating reflects increased stress among children who report the
behavior, which in turn, may induce behavioral and physiological consequences that
promote central fat gain[44].

Accounting for all covariates including BMI change over time, binge eating also predicted
increased systolic blood pressure. However, this effect only was observed among boys and
requires replication with a larger sample size. Furthermore, despite non-significant trends for
HDL cholesterol and waist circumference, binge eating did not significantly predict
prospective changes in the other components of MetS. These findings somewhat differ from
one prior adult study that found full-syndrome BED to be predictive of hypertension and
type 2 diabetes [17]. Unlike adults, children are still physically developing, such that weight
gain may exert a relatively stronger effect on metabolic characteristics and consequently, the
unique contributions of binge eating and excessive weight gain on cholesterol and glucose
may be more difficult to disentangle. An alternative, but not mutually exclusive, possibility
is that full-syndrome BED may have a greater impact on metabolic characteristics compared
to the infrequent, subthreshold binge eating behaviors that are often reported by children. It
is also possible that sample size limitations in the present study account for these
differences. Further investigation of metabolic changes in children and adolescents with
more frequent binge eating behaviors is warranted.

Strengths of this investigation include the prospective design, the young age of participants
at their initial visits, and the use of objective measures for the assessment of all MetS
components. Limitations include the small number of children with MetS and with binge
eating, and consequently, the possibility of failing to detect scientifically important

Tanofsky-Kraff et al. Page 7

Int J Obes (Lond). Author manuscript; available in PMC 2013 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



differences between groups. These data require replication with larger samples either
enriched for children with MetS or with a longer follow-up interval into young and middle
adulthood. Tracking youth with and without binge eating into adulthood, when metabolic
problems such as hypertension and dysglycemia become more prevalent, may be
particularly informative. Although nearly 40% of the sample was comprised of African
American children, only three participants were Hispanic, limiting the generalizability of the
results. Although statistical models included race as a covariate, further exploration of binge
eating and MetS in racial/ethnic minority samples such as Hispanic or Asian youth is an
important next research step, especially due to established differences in MetS components
among youths from varying racial/ethnic backgrounds [45, 46]. In addition, our findings
may only be generalizable to children who are at similar increased risk for adult obesity,
given that the majority of our sample was overweight or obese at their first assessment.
However, elucidating factors that promote adverse health outcome in this population that
experiences rapid and excess weight gain is urgently required. Furthermore, the reliance on
questionnaire, rather than clinical interview, for assessment of binge eating lacks specificity
in the identification of this behavior [47]. Also of note, although a non-treatment-seeking
sample was recruited, there was significant attrition over time, and families willing to
participate in studies at the NIH may differ from those in the general population.

Children’s self-reported binge eating may place youth at heightened risk for MetS, primarily
consistent with their excessive weight or fat gain, with independent impact on triglycerides
and visceral adipose tissue. The indirect – rather than direct – impact of children’s binge
eating on MetS does not diminish the importance of pediatric binge eating as a potentially
modifiable, behavioral risk factor for obesity. Obesity is a risk factor for MetS and its
associated health consequences [48]. Therefore, interventions aimed at reducing binge
eating to decrease excessive weight gain [49] may have positive consequences for metabolic
health trajectories. This hypothesis warrants investigation given the critical need for novel
behavioral interventions for obesity and MetS in youth.
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Figure 1.
On average (±SE), children with binge eating at baseline had higher follow-up triglycerides
than children without binge eating at baseline, adjusting for sex, race, baseline age, body
mass index (kg/m2), baseline triglycerides, and time in study (P = 0.02).
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Figure 2.
On average (±SE), children with binge eating at baseline had greater visceral adipose tissue
at L2-3 at follow-up than children without binge eating at baseline, adjusting for sex, race,
baseline age, baseline visceral adipose tissue at L2-3, and time in study (P = 0.01).
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