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Abstract

Purpose—~Preliminary data in adults suggest that binge eating is associated with greater
prevalence of metabolic syndrome (MetS) components. However, there are limited data in youth,
and little is known of the role of binge episode size in these relationships.

Methods—We examined the relationship between loss of control eating and metabolic
characteristics in a convenience sample of 329 treatment-seeking and non-treatment-seeking
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adolescent boys and girls. The sample was enriched by design with adolescents who were
overweight or obese and with individuals who reported episodes of loss of control over their
eating (either objectively large binge episodes, OBEs or subjectively large binge episodes, SBEs
in the past month), as assessed by clinical interview. MetS components (blood pressure, lipids,
glucose, and waist circumference) were the primary variables of interest.

Results—46% of the cohort reported loss of control eating; among those, 53% reported SBES
only and 47% reported OBEs. Youth with loss of control eating had higher systolic blood pressure
(p=.001) and higher low-density lipoprotein cholesterol (LDL-c) (p=.002) compared to those
without loss of control eating, in analyses adjusted for intervention-seeking status, fat mass and
sociodemographic characteristics. Youth reporting OBEs had higher LDL-c (p=.013) compared to
those reporting only SBEs.

Conclusions—Adolescents reporting loss of control episodes had greater dysfunction in some
components of the MetS compared to youth without loss of control; episode size may contribute to
metabolic dysfunction.

Keywords
Binge Eating; Loss of Control Eating; Metabolic Dysfunction; Adolescence

1. INTRODUCTION

Metabolic syndrome (MetS) is characterized by a cluster of abnormalities including
abdominal obesity, dysglycemia, and abnormal cholesterol and triglyceride concentratoins,
which in combination, magnify risk for development of heart disease and type-2 diabetes in
adults (Zimmet, et al., 2007). Although obesity is considered a primary contributor to MetS,
emerging evidence suggests that psychological factors may play a unique role in metabolic
dysfunction.

Binge eating disorder (BED), characterized by recurrent consumption of large amounts of
food while experiencing a loss of control over eating (The Diagnostic and Statistical Manual
of Mental Disorders, 2013), is associated with obesity and may place individuals at risk for
MetS. Cross-sectional (Epel, et al., 2004; Taylor, Hubbard, & Anderson, 1999) and
prospective (Hudson, et al., 2010) data among adults suggests links between binge eating
behavior and metabolic dysfunction, even after accounting for body weight. Moreover, we
previously reported prospective links between children’s report of binge eating and
components of MetS (worsening triglycerides, increased visceral adipose tissue) (Tanofsky-
Kraff, et al., 2012).

Although BED is uncommon among youth, loss of control (LOC) eating episodes are
frequently reported (Tanofsky-Kraff, Marcus, Yanovski, & Yanovski, 2008). LOC is
characterized by a subjective experience of lack of control over eating, irrespective of the
amount of food consumed, and can be comprised of classic, objectively large binge episodes
(OBE) and/or subjectively large binge episodes (SBE) (Tanofsky-Kraff, et al., 2012). LOC
episode size may have important implications in terms of metabolic function; given the
greater energy intake involved, it is plausible that those with OBEs may have worse
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metabolic function compared to youth with SBES, however this notion remains unexplored.
Therefore, we examined the relationship between LOC episode size and metabolic function
in adolescents. We hypothesized that youth who reported who reported LOC, specifically
OBEs would exhibit greater metabolic dysfunction compared to youth who reported SBES
or no episodes.

2. MATERIALS AND METHODS

2.1. Sample

A convenience sample was assembled from participants in several non-treatment
(ClinicalTrials.gov ID: NCT00631644, NCT00001195, and NCT00001522, n=109),
treatment (NCT00001723, n=68), and prevention (NCT00263536, n=17; NCT00680979,
n=90, NCT01425905, n=45) studies of eating behavior and obesity conducted at the Eunice
Kennedy Shriver National Institute of Child Health and Human Development (NICHD).
NCT00680979 was also conducted at the Uniformed Services University of the Health
Sciences (USUHS). For all studies, individuals were excluded for major medical or
psychiatric issues, pregnancy, or recent significant weight loss. For the intervention studies,
youth currently involved in psychotherapy were excluded. Metabolic data from 5% of the
current sample were previously published with the results of a questionnaire assessment of
binge eating (Tanofsky-Kraff, et al., 2012). For the present analysis, youth between the ages
of 12 and 18 years who were interviewed using the Eating Disorder Examination (EDE) at
baseline visits were included. All studies were approved by the NICHD Institutional Review
Board (IRB). The one prevention study (NCT00680979) conducted jointly at two sites, was
also approved by the USUHS IRB. Written consent and assent were provided by parents and
children, respectively.

2.2. Procedure

Participants were seen at the NIH Hatfield Clinical Research Center. Data for participants
were included if metabolic parameters were collected within 3—4 months of the EDE.

2.3. Measures

2.3.1. LOC Eating—The Eating Disorder Examination version 120D/C.2 (EDE)
(Fairburn & Cooper, 1993)was administered by trained interviewers to categorize
participants as those who: endorsed at least one episode of unambiguous overeating with a
sense of LOC (OBE); reported LOC, but the amount consumed was ambiguously large
(SBE); reported overeating without LOC; or endorsed no episodes of overeating or LOC.
LOC eating was defined by the presence of one or more OBE or SBE in the previous month.
The EDE has good inter-rater reliability for all episode types for adolescents (Glasofer, et
al., 2007).

2.3.2. Body Composition—Height and fasting weight, as well as BMI and BMI-z were
calculated as previously described (Nicholson, et al., 2001). Body fat mass (kg) was
measured either by dual-energy x-ray absorptiometry (DXA) (Hologic, Bedford, MA, USA)
or air displacement plethysmography (Bod Pod; Life Measurement Inc., Concord, CA,
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USA). Measurements of adiposity were considered equivalent for the two different
assessment techniques (Robotham, et al., 2006).

2.3.3. Metabolic Function—Systolic (SBP) and diastolic blood pressures (DBP) were
measured once after 5 minutes rest at the right brachial artery via an automated blood
pressure monitor (Dynamap, GE Heathcare). Waist circumference (WC) measurements were
taken twice, with a flexible, non-elastic tape measure (Country Technology, Inc, Gay Mills,
WI1) at the midpoint between the bottom of the rib cage and above the top of the iliac crest.
Fasting triglycerides (TGL), glucose and cholesterol were measured from blood samples
using a Hitachi 917 analyzer using reagents from Roche Diagnostics (Indianapolis, IN). A
Cobas FARA analyzer was used to directly measure HDL-c using reagents from Sigma
chemical (St. Louis, MO). LDL-c was calculated using the following formula: Total
Cholesterol - HDL - (TGL/5). MetS was defined using an age- and sex-specific percentile-
based cut-off definition commonly used in previous reports (Gustafson, et al., 2009), and
was considered present when an adolescent met the cut-points for at least 3 factors.

2.4. Analytic Approach

All analyses were performed with IBM SPSS 22.0. Data were screened for outliers, skew,
and kurtosis and outliers were Winsorized to fall 1.5 times the interquartile range below or
above the 25th or 75th percentile. Two MANCOVA models were used to compare
differences in MetS components; independent variables were (1) LOC vs. no LOC and (2)
OBEs vs. SBEs. A binary logistic regression was performed to determine the impact of
LOC, as well as episode size, on the presence of MetS, or any elevated component of MetS.
Covariates in all models included age, race, sex, fat mass, height, and intervention-seeking
status. Follow-up analyses were conducted separately with intervention and non-intervention
youth. Differences between groups were considered significant when p values were <.05.
All tests were two-tailed.

3. RESULTS

3.1. Preliminary Analyses

3.1.1. Descriptive Statistics—Participants were 329 youth (41 males) 12 to 18 years old
(M+SD 14.79+1.6). The majority of participants were non-Hispanic Black (35%) or non-
Hispanic White (32%), and 45.6% endorsed at least one episode of LOC in the past month.
Among youth with LOC, 53.3% reported SBEs only, 25.3% reported OBEs, and 21.3%
reported both SBEs and OBEs. The number of reported LOC episodes ranged from 1 to 24
(M+SD 4.0 £4.8). Approximately 2% of the sample met full DSM-1V-TR criteria for BED,
and 8% of all met full criteria for MetS. Sample demographics are presented in Table 1.

3.2. Presence vs. Absence of LOC and metabolic function

There was a main effect of LOC, such that the multivariate test was significant for LOC
presence, Pillai’s Trace= 0.074, F=3.61 df= (7,315), p=0.001, indicating a difference in
overall metabolic factors between youth with and without LOC. The univariate F tests
showed differences between youth with and without LOC: youth reporting LOC had
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significant higher SBP (F=10.36, p=0.001). and higher LDL-c (F=9.90, p=0.002) compared
to youth without LOC (Table 2).

When running the same analyses, without weight-loss treatment-seekers, the multivariate
test remained significant for LOC, Pillai’s Trace= 0.095, F=3.71, df= (7,248), p=0.001,
indicating a difference in overall metabolic factors between youth with and without LOC.
The univariate F tests showed a significant difference between youth with and without LOC
for higher SBP (F=6.06, p=0.014), lower HDL-c (F=4.64, p=0.032), and higher LDL-c
(F=12.46, p<0.001). When running the same analyses, excluding both weight-loss
treatment-seekers and youth enrolled in the type 2 diabetes prevention study, the
multivariate test remained significant for LOC, Pillai’s Trace= 0.126, F=4.17, df= (7,203),
p<0.001, indicating that youth with LOC displayed significantly higher SBP (F=5.55,
p=0.019) and LDL-c (F=16.98, p<0.001).

When full criteria MetS was considered categorically as presence or absence, there was no
significant difference between youth with and without LOC (32=0.028, p=0.87; 7.3% of
youth with LOC had MetS, 95% CI [4.14, 12.65] vs. 7.8% of youth without LOC, 95% ClI
[4.53, 13.11]). When individual components of the MetS were considered categorically,
youth with and without LOC did not differ in prevalence of elevated BP (y2=2.34, p=0.21),
elevated WC (x2=0.10, p=0.42), elevated TGL (32=1.05, p=0.38) or low HDL-c (x2=2.81,
p=0.12).

SBE and metabolic function

Among those with LOC, there was a main effect of episode size, such that the multivariate
test for metabolic function analyses was significant for OBE presence, Pillai’s Trace=0.12,
F=2.57, df= (7,136), p=0.016, indicating a difference in overall metabolic function between
youth with OBEs vs. SBEs. Youth with OBEs had significantly higher LDL-c compared to
SBEs (F=6.30, p=0.013). Results remained the same when accounting for episode
frequency.

Among the cohort of non-intervention youth, the multivariate test was no longer significant,
Pillai’s Trace= 0.076, F=1.46, df= (7,125), p=0.19, indicating no difference in overall
metabolic factors between youth SBEs and OBEs.

There was no significant difference between OBE compared to SBE with regard to MetS
presence (y2=1.79, p=0.18; 4.3% with OBE had MetS, 95% CI [1.12, 12.84] vs. 10% with
SBE, 95% CI [5.15, 18.51). When individual components of the MetS were considered
categorically, youth with SBEs and OBEs differed on HDL-c (x2=6.23, p=0.013), with
71.3% of SBE compared to 51.4% of OBE having low HDL cholesterol. However, after
applying a Bonferroni correction for the multiple comparisons made, this difference was not
considered significant.

4. DISCUSSION AND CONCLUSIONS

In a convenience sample of adolescents, we found LOC was associated with some elements
of metabolic dysfunction, even after adjusting for adiposity and other potentially
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confounding variables. Adolescents with LOC had higher SBP and LDL-c compared to
those without LOC. Furthermore, youth with OBEs had higher LDL-c compared to those
with SBEs. Higher LDL-c and elevated blood pressure are both associated with heightened
risk of cardiovascular disease (Wilson, et al., 1998). Our findings are consistent with adult
(Epel, et al., 2004; Hudson, et al., 2010; Taylor, et al., 1999) and child (Tanofsky-Kraff, et
al., 2012) research demonstrating relationships between LOC and components of metabolic
dysfunction, independent of adiposity.

LOC may be associated with metabolic dysfunction based on macronutrient selection.
Although youth with LOC do not necessarily consume more energy at meals than those
without LOC, LOC episodes are characterized by greater consumption of carbohydrates,
including snacks and desserts, and less from protein (Tanofsky-Kraff, et al., 2009). High
intake of sweets and snacks could potentially contribute to worsened metabolic factors in
youth, including higher LDL-cholesterol and blood pressure.

LOC episode size was independently associated with LDL-c. It is plausible that those with
OBEs may have elevated LDL-c compared to those with SBEs, given the great amount of
food consumed in a typical episode. Further, OBEs may be more indicative of greater eating
pathology compared to SBE, which may in turn promote the consumption of more foods
higher in cholesterol.

Strengths include the large sample size, inclusion of both non-overweight and overweight
youth, and use of a well-validated interview measure to assess LOC. The direct estimation
of fat mass and metabolic dysfunction using criterion methods as opposed to relying on BMI
and self-reported metabolic function are strengths. The cross-sectional design, however,
does not allow for understanding directionality of the relationship between LOC and
metabolic function. Our sample included a combination of treatment-seeking, prevention-
seeking, and non-treatment-seeking youth, thus results may not be generalizable to all
children. Additionally, given the limited number of boys, we were unable to run separate
analyses by sex.

LOC eating may represent a behavioral marker upon which to focus early intervention to
prevent MetS, regardless of episode size. Youth with LOC who experience SBEs and OBEs
may potentially benefit from interventions to reduce LOC to improve metabolic health.
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HDL high-density lipoprotein

LDL low-density lipoprotein

LOC loss of control eating

BMI body mass index

BMI-z body mass index z-score

EDE eating disorder examination

DXA dual-energy x-ray absorptiometry
REFERENCES

The Diagnostic and Statistical Manual of Mental Disorders. 5th ed. ed.. Arlington, VA: American
Psychiatric Publishing; 2013.

Epel E, Jimenez S, Brownell K, Stroud L, Stoney C, Niaura R. Are stress eaters at risk for the
metabolic syndrome? Ann N Y Acad Sci. 2004; 1032:208-210. [PubMed: 15677412]

Fairburn, CG.; Cooper, Z. The Eating Disorders Examination. In: Fairburn, CG.; GT, W., editors.
Binge Eating: Nature, Assessment, & Treatment. 12th Edition ed. New York, NY: Guilford; 1993.
p. 317-360.

Glasofer DR, Tanofsky-Kraff M, Eddy KT, Yanovski SZ, Theim KR, Mirch MC, Ghorbani S,
Ranzenhofer LM, Haaga D, Yanovski JA. Binge eating in overweight treatment-seeking
adolescents. J Pediatr Psychol. 2007; 32:95-105. [PubMed: 16801323]

Gustafson JK, Yanoff LB, Easter BD, Brady SM, Keil MF, Roberts MD, Sebring NG, Han JC,
Yanovski SZ, Hubbard VS, Yanovski JA. The stability of metabolic syndrome in children and
adolescents. J Clin Endocrinol Metab. 2009; 94:4828-4834. [PubMed: 19837941]

Hudson JI, Lalonde JK, Coit CE, Tsuang MT, McElroy SL, Crow SJ, Bulik CM, Hudson MS,
Yanovski JA, Rosenthal NR, Pope HG Jr. Longitudinal study of the diagnosis of components of the
metabolic syndrome in individuals with binge-eating disorder. Am J Clin Nutr. 2010; 91:1568—
1573. [PubMed: 20427731]

Nicholson JC, McDuffie JR, Bonat SH, Russell DL, Boyce KA, McCann S, Michael M, Sebring NG,
Reynolds JC, Yanovski JA. Estimation of body fatness by air displacement plethysmography in
African American and white children. Pediatr Res. 2001; 50:467-473. [PubMed: 11568289]

Robotham DR, Schoeller DA, Mercado AB, Mirch MC, Theim KR, Reynolds JC, Yanovski JA.
Estimates of body fat in children by Hologic QDR-2000 and QDR-4500A dual-energy X-ray
absorptiometers compared with deuterium dilution. Journal of pediatric gastroenterology and
nutrition. 2006; 42:331-335. [PubMed: 16540807]

Tanofsky-Kraff M, Marcus MD, Yanovski SZ, Yanovski JA. Loss of control eating disorder in
children age 12 years and younger: proposed research criteria. Eating behaviors. 2008; 9:360-365.
[PubMed: 18549996]

Tanofsky-Kraff M, McDuffie JR, Yanovski SZ, Kozlosky M, Schvey NA, Shomaker LB, Salaita C,
Yanovski JA. Laboratory assessment of the food intake of children and adolescents with loss of
control eating. Am J Clin Nutr. 2009; 89:738-745. [PubMed: 19144730]

Tanofsky-Kraff M, Shomaker LB, Stern EA, Miller R, Sebring N, Dellavalle D, Yanovski SZ,
Hubbard VS, Yanovski JA. Children's binge eating and development of metabolic syndrome.
International Journal of Obesity. 2012; 36:956-962. [PubMed: 22234282]

Taylor AE, Hubbard J, Anderson EJ. Impact of binge eating on metabolic and leptin dynamics in
normal young women. J Clin Endocrinol Metab. 1999; 84:428-434. [PubMed: 10022396]

Wilson PW, D'Agostino RB, Levy D, Belanger AM, Silbershatz H, Kannel WB. Prediction of
coronary heart disease using risk factor categories. Circulation. 1998; 97:1837-1847. [PubMed:
9603539]

Eat Behav. Author manuscript; available in PMC 2016 December 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Radin et al.

Page 8
Zimmet P, Alberti KG, Kaufman F, Tajima N, Silink M, Arslanian S, Wong G, Bennett P, Shaw J,

Caprio S. The metabolic syndrome in children and adolescents - an IDF consensus report. Pediatr
Diabetes. 2007; 8:299-306. [PubMed: 17850473]

Eat Behav. Author manuscript; available in PMC 2016 December 01.



Page 9

Radin et al.

g7 SIUBWISSASSE JUBJAHIP U UsamIaq

S80UBIaLJIP UMOUS 10} JUN0ade 0} paisnipe alam ssew ues| Jo sainsea|N "(pod pog) AydeibowsAyiald Juswaoe|dsip dre Jo (vxa) Answondiosge Ael-x ABiaua-jenp Aqg 1aylie Aq painsesw se ‘ssejp| cmmn_,.

g7 SIUBLUSSASSE JUBIAIP AU} Uaamiaq
S80UBJaYJIP UMOU 10} Junoade 0} passnipe alam Ansodipe jo sainses|y “(pod pog) AydeiBowsAyiald Juswadedsip Jie Jo (wXa) Answondiosqe Aei-x ABisua-jenp Aq Jayie Aq painseaw se ‘ssejp umu_w

77'SHELD LAMOIB 0002 UONUBABIA PUE |043U0D 85eaSI 104 S1IUAD) AU} 0} BuIPIIJe PaeInajed Xas pue abe Joj 2109 UOIIRIAGD PIEPUE]S Xapul ssew Apog nN.__\,_m_U

Xapu| ssey Apog =INg,
as+In
q
"uolreuILEX Japlosid Buie ay uo Juswissasse 0} JoLid YIuow ayj Ul ‘azis J0 aAIdadsalll ‘aposids T 1ses) e Jo souasaid sy se paulysp ‘Buires 041U0D JO SO =001,

Y00 607 OLFGLy  S8FE0S €0 IST  €OTFE0S  T'8¥8'8Y y 'q (0% ssein uea]
150 S90 E€6FYOE  ZOTFETE 960 900  vLTFCIE  OETFTTE o 'q (01 ssenred
950 650 T'8F0OEIT  LUFLEIT  LE0  OV0  6.FCYIT  6UFVEIT q(wo) ub1oH
v0 L0 690¥2.T  ¥6O0FLST 910  E¥T  SUTFYT  G80FE9T pig?INg
650 Y50 ZYFI8  G9FLlZ  ¥00  S0T  6UFC9C  £GTO8T 2q(zW/B%) INg
€0 SLY 4 £ T 982 £ z (UBIPAL) SNIEIS IILIOUOIIOII0S
%ST %TZ %TE %8T  SaNIoIYI3/a9L] JaYI0 10 BjdnInA
%S %6 %6 %L ueIsy
%TE %vE %LE %EE 918 2luedsIH-UON
%6 %9€E %ET %Y Y lueds|H-UON
€0  66G 1000> 2L0E (%) a8y
%86 %06 %28 %v6 a[ewa%%
500  eLE 1000 9501 %3
S100 6vz LTFSYT  GTFCST €0  SE0  STFSYT  9TIBYT q(A) ebv
08 0L 6.1 0ST N
Buies ebunes
X anjeA j041u0D Jo43u0D
aneA-d 101 Auo3gs 3IESFIEO  -d X401 JossOTON  JOSsO] a|qerien
ajdwes Ajuo-001 a|dwres elo

Bunea 1011u0d JO SSO| INOYIIM puR Y1IM YyInoA Jo sansiisiaeseyd alawodoayiue pue alydeibowap suljaseg

T alqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Eat Behav. Author manuscript; available in PMC 2016 December 01.



Page 10

Radin et al.

10 01101SAS ‘80UBIBJWINDAID ISIBM J0J B]1IUadIad 306 15e3] 1e JO sanfeA (2 ‘€2) suodai snoiasid Ul pasn Ajuowiwod uoniuLep 4J0-1N0 paseq-afnusdiad o1j10ads-xas pue -abe Buisn paulsep aWOIPUAS d1j0geIBIA

"SI0}9B} 858} JO 984y} 1Se8] e J0j Spu10d-1nd Y} J8W PJIYd B UaYM Juasald PaiapISUuOd Sem aWOoIpUAS d1jogeIs|N
*as00n|6 Bunsey pasredwir ayealpul 03 pasn sem Tp/Buwl OOT 158 1€ JO anjeA as0an|b Bunise) e pue ‘|0Jsl1sajoyd JAH 04 ajnuadtad 0T Uew J18ybiy ou pue (Gz) sap1aaA|BLiy pue ‘ainssaid poojq d1joiselp

q

mmHEm
[TO S8T %01 %eY 660 1000 %8'L %e'L q(%) ewoipuAs aljogeen
/€0 €80 807098 6078 L0 +T0 907028 907,98 e (Tp/bw) as0on|b ewseld
€100 09 L'€F008 6'EFT V6 2000 066 L'TFSL 0'€FE'88 e (TP/BW) JoseiseloyR-1a
00 €0V  ZTFESK £TFE05 oTo 9.2 60726 0TFO'LY e (TP/Bw) josa1seloyo-TaH
800 09T 8VFETH ZSTTT8 180 €00 9'e7e88 618 e (Tp/Bu) sepriaoA|buL
9890 /T0 80%68 6'076'88 Z€0 860 9'0¥5'88 L'075'68 (L) B0UBIBILINIIID ISIE
800FIZ0  80'0FE00 S0'0750°0 90'0%€T'0 g 210952 :(BH wuw)
€9T0 96T GS8O0FEL9 60799 650 SL0 9'079'59 L'075'99 ainssaid poojq d1joiseld
0T0%260  OT'0F9L0 80'0FTH0 60°0782°0 g 240052 }(BH wi)
2970 [T OTFS6IT  TTF28IT 1000 980T 80FS'STT 6072611 aunssaid poojq a1jo1sAS
08 oL 6.1 05T u

x
anfeA 10 anfeA & Buneg Buneg

-d 4 ZCO s34gsS s34dS ¥ s3940 -d 10 4 1043U0D JO SSO7] ON 1013U0D JO SS07 a|geldeN

Buryes 1013u0D 40 SO Yum siuedidnied

swuedionued ||V

'snyes Buiyass-1uswieal) pue ‘(wa) ybiay ‘(Bx) ssew 1e) ‘xas ‘aael ‘abe 1oy paisnipe WAOINVIN WO eleq 'sjusuodwod d1jogelsw pue azis
aposida uo Bunea [011U09 JO $SO| YIM YInoA Jo uosiredwod pue siusuodwod J1jogelaw uo Buljes |041u09 JO SSO| INOYIIM pue YlIM YinoA Jo uostiedwo)

Author Manuscript

¢ ?olgel

Author Manuscript

Author Manuscript

Author Manuscript

Eat Behav. Author manuscript; available in PMC 2016 December 01.



