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Objective: An interesting candidate gene
for eating disorders is the gene for insulin-
like growth factor 2 (IGF2). Located on
chromosome 11p15.5, IGF2 is a member
of the insulin family of polypeptide
growth factors that is involved in develop-
ment and growth. Consistent with its pro-
file of metabolic actions, an association
has been reported between a single nu-
cleotide polymorphism (SNP) in the 3" un-
translated region of the IGF2 gene (Apal)
and body mass index. This investigation
extended these studies and investigated
the psychological and behavioral implica-
tions of this hormone’s impact on metab-
olism and body composition.

Method: The authors tested nonclinical
subjects from 376 families for three IGF2
SNPs and for eating disorders, as reflected
in scores on the 26-item Eating Attitudes
Test, a self-report questionnaire widely
used as a screening instrument.

Results: A highly significant association
was observed between the IGF2 Apal G
allele and scores on the Eating Attitudes
Test overall and each of its subscales
(bulimia, dieting, and oral control). Ad-
ditionally, a significant association was
observed between this polymorphism and
body mass index.

Conclusions: The current finding that
the IGF2 Apal G polymorphism, which
predisposes to weight gain, may also con-
tribute to the pathology of eating disor-
ders is intriguing. Neurotransmitter mod-
ulation of appetitive behavior is the focus
of most hypotheses regarding the etiol-
ogy of severe eating disorders. The cur-
rent results to some measure challenge
this view, and inborn metabolic tenden-
cies to weight gain in some women may
trigger constant dieting, which in predis-
posed individuals eventually leads to se-
vere eating disorders.

(Am J Psychiatry 2005; 162:2256-2262)

r:[:le etiology of severe eating disorders—anorexia ner-
vosa, bulimia nervosa, and binge eating disorder—is com-
plex, and multiple influences confer risk for this behavior
(1). As noted by Kaye and Strober (2), the stereotyped clini-
cal presentation, sex distribution, and age at onset support
the likelihood that there is some biological vulnerability to
this disorder. Large twin studies show that the co-twin of a
twin affected with anorexia nervosa is 26 times as likely to
have a lifetime diagnosis of bulimia nervosa as is the co-
twin of an unaffected twin (3), strengthening the notion
that genes are important in the etiology of anorexia ner-
vosa and bulimia nervosa.

A familiar hypothesis regarding the genetic basis of
complex diseases, such as anorexia nervosa and bulimia
nervosa, is that numerous polymorphisms contribute
somewhat to risk. If this notion is true, then a cost-effec-
tive, complementary strategy for discovering “eating dis-
order” genes is to study easily accessible and large nonpa-
tient groups rather than solely examining less available
and necessarily smaller clinical groups. Common poly-
morphisms in the nonclinical group are predicted to par-
tially contribute to an eating disorder phenotype that can
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be readily ascertained by self-report questionnaires rele-
vant to eating behavior and estimations of body mass in-
dex. Once such genes are identified in the nonpatients,
their role in pathology can be tested in the clinical group
exhibiting an extreme phenotype. Studying phenotypes,
or endophenotypes, is emerging as a robust strategy in un-
raveling the genetic architecture of complex diseases (4).
An interesting candidate gene that makes “biological
sense” for a role in eating disorders and has not yet been
examined, to our knowledge, is the gene for insulin-like
growth factor 2. This gene, IGF2, is located on chromo-
some 11p15.5 (5). Insulin-like growth factor 2, also known
as somatomedin A, is a single-chain polypeptide that
shares an amino acid sequence homology of about 47%
with insulin and about 31% with relaxin and with them
comprise the insulin family of polypeptide growth factors.
Their functions include mediation of growth hormone ac-
tion, stimulation of growth of cultured cells, stimulation of
the action of insulin, and involvement in development
and growth. They appear to be autocrine regulators of cell
proliferation. Consistent with this profile of metabolic ac-
tions, an association has been reported between a single
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TABLE 1. Primers for the First and Second Polymerase Chain Reactions in Assays of Single Nucleotide Polymorphisms
(SNPs) of the IGF2 Gene in 1,549 Nonclinical Subjects (805 Siblings) From 376 Families

IGF2 First Polymerase

SNP Polymorphism Gene Bank

Chain Reaction Primer

SNaPshot Probe?

Apal G/A X07868 nucleotide 820 Forward: AGGAGCCAGTCTGGGTTGTT; TTTTTTTTTTTTTTTTTCAGCAAAGAGAAAAGAAGG
(NT028310; 914,075 bp)  reverse: CCCTCTTTCTCTTCTCCCTT

2207 (oh) X07868 nucleotide 2207  Forward: ACAGAGATGCCCTTGTGAGG; TTTTTTTTTTTTTTTTTTTTTCTTACTTACTGTGTGTTGG
(NT028310; 912,702 bp)  reverse: AGGGAGTCAGGCTACTCGTG

1156 T/C Y13633 nucleotide 1156  Forward: CACCACTTCTTCCCTCCCTTA;  TTTTTTTTTTTTTTTTTGATGGGACAGGGCTCAGGC

(NT028310; 929,553 bp)

reverse: CCCTGGGGAAAAACAAAAAG

a Kit from Applied Biosystems (Foster City, Calif.).

nucleotide polymorphism (SNP) in the 3" untranslated re-
gion of the IGF2 gene (Apal) and body mass index (6) that
accounts for a small percentage of the population vari-
ance. A number of studies appear to confirm this initial
finding, including suggestive evidence from a genome
scan for obesity (7-10). IGF2 is also expressed in fetal and
adult brains (11, 12).

The transmission disequilibrium test (13) and its exten-
sion to quantitative traits (14, 15) provide an efficacious
procedure for detecting linkage and association, especially
in the presence of population admixture. Even though this
procedure has been widely used, it is not suitable for
groups composed of families with multiple siblings, which
decrease the efficiency of the analysis performed. More re-
cently, a new unified approach, the family-based associa-
tion test (16), for testing association by using any type of
family configuration and any type of phenotype (either
qualitative or quantitative) has been developed. As our
subject group was composed of families with multiple sib-
lings, we applied this new procedure, which allowed us to
use all the information contained in our study group de-
spite the varied number of siblings in these families. In this
large, nonclinical group of 376 nuclear families we used the
family-based association test (16) to test the association
between three IGF2 SNPs and eating behavior. Eating be-
havior was assessed by using the 26-item Eating Attitudes
Test (17, 18), which is probably the most widely used stan-
dardized measure of symptoms and concerns characteris-
tic of eating disorders. Numerous studies have used the
Eating Attitudes Test as a screening tool. Moreover, overall
scores show heritability of approximately 40% in normal
female twins (19).

Method

Subjects

The respondents were primarily college students at Israeli col-
leges and their families, recruited by word of mouth and adver-
tisements on campus notice boards. The group analyzed in the
current study included 376 families including 1,549 persons; 12%
of the families had one offspring apiece, 71% had two siblings,
11% had three siblings, and 6% had four or more siblings. The sib-
ling ages were between 14 and 34 years (average=22.30).

Each contact person received a number of questionnaires
(equal to the number of participating siblings) and two sterile test
tubes per family member for DNA sampling; each test tube con-
tained 10 cm3 of Aquafresh mouthwash. Questionnaires were
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completed by siblings but not parents. After complete description
of the study to the subjects, written informed consent was ob-
tained. The completed questionnaires and DNA samples were re-
turned by mail or hand-delivered to an office. The contact person
received a modest monetary incentive, and the study was ap-
proved by the local institutional review board and by the Israeli
Ministry of Health Genetics Committee.

Instruments

Eating Attitudes Test. The Eating Attitudes Test is a 26-item
self-report factor-analytically derived scale, originally validated
on 160 women with eating disorders and 140 female nonclinical
comparison subjects (18). It is reliable and valid, correlates highly
with the original 40-item scale (r=0.98) (18), and screens for cases
of eating disorders in both clinical and nonclinical subjects. Each
item is scored on a 6-point Likert scale with answers ranging from
“never” to “always.” For clinical purposes, the three least frequent
categories (“never,” “rarely,” and “sometimes”) are given a score of
0, “often” is scored as 1, “usually” is scored as 2, and “always” is
given a score of 3. In order to maximize variance, however, we as-
signed scores for each item ranging from 0 (“never”) to 5 (“al-
ways”). Scores above 20 are generally considered indicative of risk
for developing eating disorders. In the group we examined, 10.9%
of the subjects scored above this threshold, 14.4% of the females
and only 3.0% of the males. Similar results have been observed in
college groups in the United States (20).

The three Eating Attitudes Test subscales are dieting, bulimia,
and oral control. The dieting subscale contains 13 items, which
tap restrictive behaviors such as intake reduction for weight loss
purposes, feeling guilt after eating, and preoccupation with thin-
ness and weight loss. The bulimia subscale contains seven items,
which assess binge eating, vomiting, and food preoccupation. It
distinguishes not only eating disordered from comparison sub-
jects but also women with a restricting type of eating disorder
from women with a bulimic type. The oral control subscale con-
tains six items, which assess the degree of self-control over eating
and perceived external pressure to eat.

Eating Disorder Inventory subscales. The Eating Disorder In-
ventory-2 is a self-report measure of symptoms generally related
to eating disorders (21). It contains 11 standardized subscales,
each independently derived and representing a unique trait. In
the present study, the subscales for body dissatisfaction and drive
for thinness were used. They have excellent internal consistency,
content validity, and criterion-based and construct validity and
good test-retest reliability in eating disordered and healthy com-
parison subjects (21).

The drive for thinness subscale (seven items) assesses preoccu-
pation with body weight, fear of gaining weight, desire to be thin,
and food intake restriction. The body dissatisfaction subscale
(nine items) measures overall satisfaction with the shape and size
of various parts of the body. Respondents are asked to state how
often, on a scale of 0 (never) to 5 (always), they think, for example,
that their hips or thighs are too large.
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DNA Extraction and Genotyping

DNA was obtained from all family members and extracted by a
Master Pure kit (Epicentre Biotechnologies, Madison, Wis.). SNPs
were assayed by using an ABI SNaPshot kit (Applied Biosystems,
Foster City, Calif.), and the products were analyzed in an ABI 310
DNA analyzer (Applied Biosystems). The primers for the first and
second polymerase chain reactions are shown in Table 1. A Red-
dyMix master mix was used (Abgene, Surrey, U.K.) at a magne-
sium concentration of 1.5-2.5 mM MgCly. The first polymerase
chain reaction was carried out as follows. The sample was initially
heated at 95°C for 5 minutes followed by 35 cycles of 95°C (30 sec-
onds), 55°C (30 seconds), 72°C (90 seconds), and a final extension
step of 72°C for 10 minutes. These SNPs have been described by
Gaunt et al. (9).

The quality of genotyping was determined as follows. First, all
families were initially screened for Mendelian consistency by us-
ing seven highly polymorphic microsatellite markers. Problem-
atic families that were not consistent with Mendelian inheritance
(<1%) were excluded from the study. Second, since all subjects in
the current study were family members, genotype errors with the
three IGF2 SNPs appearing as Mendelian inconsistency, which
were automatically flagged by the family-based association test,
were reexamined either by searching for data entry errors or by
regenotyping such families for the IGF2 SNPs. Third, in all cases
when the output resulted in borderline classifications, the poly-
merase chain reaction procedure was repeated. Fourth, quality
control and estimation of the error rate (percentage of miscalled
genotypes) were evaluated by reanalysis of 5% of the families. The
observed error rate was estimated to be less than 0.5%. Fifth,
since deviation from Hardy-Weinberg equilibrium in random
samples may be indicative of problematic assays (22), the fre-
quencies of the three IGF2 SNPs were examined for the Hardy-
Weinberg equilibrium. No significant deviation from the Hardy-
Weinberg equilibrium was observed (IGF2 1156: x?=1.87, df=1,
n.s.; 2207: x2=0.71, df=1, n.s.; Apal: x?=0.59, df=1, n.s.). Sixth, the
allele and genotype frequencies reported in our study were simi-
lar to those reported in a British population, e.g., the frequency of
the Apal AA genotype was 31% in our group and 28% in the British
study (9).

Statistical Analysis

We tested for the presence of associations between the three
SNPs and scores on the Eating Attitudes Test and Eating Disorder
Inventory-2 by using the family-based association test (http://
www.biostat.harvard.edu/~fbat/fbat.htm), which allows for in-
clusion of both triads and extended families in the analysis and is
adjusted for population admixture (16). Pairwise linkage disequi-
librium was tested by using the Graphical Overview of Linkage
Disequilibrium (GOLD) program (23) (http://www.sph.umich.
edu/csg/abecasis/GOLD/index.html).

Results

The two self-report measures of eating behavior were
strongly correlated in these subjects (N=845): the score on
the Eating Attitudes Test correlated with both the Eating
Disorder Inventory-2 body dissatisfaction subscale (r=
0.63, p<0.001) and drive for thinness subscale (r=0.88,
p<0.001). Similar results were observed when men and
women were separately analyzed. Body mass index was
also correlated with Eating Attitudes Test scores, but
weakly (r=0.13, p<0.001).

As shown in Table 2, analysis with the family-based as-
sociation test showed a highly significant association be-
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tween the IGF2 Apal G allele and Eating Attitudes Test
scores overall as well as for each of its subscales: bulimia,
dieting, and oral control. Significant association was also
observed between the IGF2 Apal G allele and the scores on
the body dissatisfaction and drive for thinness subscales
of the Eating Disorder Inventory-2. Subjects with the G al-
lele had higher scores. Haplotype analysis as provided for
in the program for the family-based association test
showed that the association with the CAT haplotype
(2207-Apal-1156) was significant for scores on the total
Eating Attitudes Test (z=—3.04, p=0.003) and all three sub-
scales: bulimia (z=3.05, p=0.002), dieting (z=3.05, p=
0.002), and oral control (z=—2.01, p=0.05). This haplotype
was associated with lower Eating Attitudes Test scores.
Note, however, that the genetic information is primarily
generated by the Apal SNP, whereas little additional infor-
mation is provided by the two other SNPs genotyped in
this study, 1156 and 2207.

The data were also analyzed with a qualitative approach
by setting a cutoff point on the Eating Attitudes Test of 20.
Individuals scoring higher than 20 on this scale are gener-
ally considered at risk for eating disorders (20), and we cat-
egorized subjects with scores above 20 as “affected” in the
family-based association test. This also indicated prefer-
ential transmission of the IGF2 Apal G allele to the group
with high scores on the Eating Attitudes Test (z=3.94, p=
0.00008). Hence, the quantitative and qualitative ap-
proaches to data analysis yielded similar results.

We first estimated the effect size of the IGF2 Apal G al-
lele by comparing mean scores of all female subjects with
the AA and GG genotypes on the Eating Disorder Inven-
tory-2 drive for thinness subscale (AA: mean=12.71, SD=
9.99; GG: mean=16.13, SD=9.09). This difference was sig-
nificant (t=2.06, df=310, p=0.04, N=312). The effect size of
GG homozygosity is small (0.36) according to Cohen’s
widely used interpretation (24). Similar results in regard to
effect size were obtained for the other eating-related mea-
sures. Small effect sizes have generally been observed for
genes contributing to behavioral quantitative trait loci
representing a variety of phenotypes. For example, in a
meta-analysis of the DRD4 7-repeat allele and attention
deficit hyperactivity disorder, an overall odds ratio of 1.9
(corresponding to a small effect size) was observed (25).

We also tested for association between the three IGF2
SNPs and body mass index (Table 3). A highly significant
association was observed between the IGF2 Apal G allele
and body mass index.

All three SNPs are in linkage disequilibrium (Table 4).

Discussion

One particular SNP, Apal, in the IGF2 gene has been
shown to have a modest influence on body mass index and
an inherited predisposition to weight gain (9). The current
finding that it may also contribute to the pathology of eat-
ing disorders, as evidenced by its association with scores

Am | Psychiatry 162:12, December 2005



BACHNER-MELMAN, ZOHAR, NEMANOV, ET AL.

TABLE 2. Association of Scores on the Eating Attitudes Test and Eating Disorder Inventory-2 With Three Single Nucleotide
Polymorphisms (SNPs) of the IGF2 Gene in 845 Nonclinical Subjects in 376 Families?

Number of Transmitted Alleles

Association Between

Number of Observed Number Expected Variance in -
Allele Informative Number Under Null Hypothesis Observed Number Eating Measure and SNP
Test and IGF2 SNP Allele Frequency  FamiliesP (S) (E[S])¢ (Var(s]) z p
Eating Attitudes Testd
Total scale
2207 C 0.910 14 332.000 373.750 1993.312 -0.94 0.35
T 0.090 106 2268.000 2279.250 23870.062 -0.07 0.95
Apal A 0.314 199 4578.570 4897.368 55174.596 -1.36 0.18
G 0.684 107 3307.000 2784.750 16022.688 413 0.00004
1156 C 0.305 195 4510.000 4479.750 45193.438 0.14 0.89
T 0.695 94 2142.570 2319.535 27866.119 -1.06 0.29
Bulimia subscale
2207 C 0.910 12 229.000 231.500 783.250 -0.09 0.93
T 0.090 102 1498.000 1582.500 13668.750 -0.72 0.47
Apal A 0.314 197 3084.000 3342.500 26814.625 -1.58 0.12
G 0.684 105 2276.000 1909.000 7825.875 4.15 0.00004
1156 C 0.305 191 3170.000 3146.000 24130.375 0.16 0.88
T 0.695 94 1371.000 1558.500 14590.625 -1.55 0.13
Dieting subscale
2207 C 0.910 12 229.000 231.500 783.250 -0.09 0.93
T 0.090 102 1498.000 1582.500 13668.750 -0.72 0.47
Apal A 0314 197 3084.000 3342.500 26814.625 -1.58 0.12
G 0.684 105 2276.000 1909.000 7825.875 4.15 0.00004
1156 C 0.305 191 3170.000 3146.000 24130.375 0.16 0.88
T 0.695 94 1371.000 1558.500 14590.625 -1.55 0.13
Oral control subscale
2207 C 0.910 14 416.000 426.750 1666.938 -0.26 0.80
T 0.090 104 2555.000 2635.750 24712.938 -0.51 0.61
Apal A 0.314 203 5395.000 5682.583 51988.549 -1.26 0.21
G 0.684 108 3859.000 3374.250 22426.438 3.24 0.002
1156 C 0.305 196 5282.000 5448.750 53267.188 -0.72 0.47
T 0.695 96 3061.000 2940.250 28343.938 0.72 0.48
Eating Disorder
Inventory-2
Body dissatisfaction
subscale
2207 C 0.910 14 416.000 426.750 1666.938 -0.26 0.80
T 0.090 104 2555.000 2635.750 24712.938 -0.51 0.61
Apal A 0.314 203 5395.000 5682.583 51988.549 -1.26 0.21
G 0.684 108 3859.000 3374.250 22426.438 3.24 0.002
1156 C 0.305 196 5282.000 5472.060 54253.434 -0.82 0.42
T 0.695 96 3061.000 2940.250 28343.938 0.72 0.48
Drive for thinness
subscale
2207 C 0.910 14 407.920 422.870 1479.169 -0.39 0.70
T 0.090 105 2581.340 2625.185 23922.417 -0.28 0.78
Apal A 0.314 203 5336.600 5597.953 51389.683 -1.15 0.25
G 0.684 107 3749.100 3270.980 20331.604 3.35 0.0008
1156 C 0.305 196 5084.310 5337.792 51082.621 -1.12 0.27
T 0.695 96 3010.030 2905.852 28178.522 0.62 0.54

2 The family-based association test allows the use of additive, recessive, or dominant models in its analysis. The dominant model was used for
the results shown here. The analysis was biallelic. The empirical variance option was used; it computes the variance around the summation
statistic, Var(S), empirically without assumptions about the recombination parameter or degree of correlation between multiple siblings in a
family. The family-based association test uses the generic form S=XT§¢X as a test statistic, where summation (S) is over all offspring in all fam-
ilies in the data set. Body mass index and sex were entered as covariates in the family-based association test since both of these variables
affect Eating Attitudes Test scores.

b with at least one heterozygote parent.

¢ Null hypothesis: no association in the presence of linkage (empirical variance option).

dThe women scored significantly higher than men on the Eating Attitudes Test (vomen: mean=38.4, SD=18.04; men: mean=24.33, SD=14.22)
(t=13.78, df=853, p<0.0001), and the Eating Attitudes Test scores were significantly, albeit weakly, correlated with body mass index in female
subjects (r=0.17, N=590, p<0.001).

on the Eating Attitudes Test, is intriguing. Previous studies processes related to eating behavior. Neurotransmitter
of this gene in humans have focused on its role in metabo- modulation of appetitive behavior is the focus of most hy-
lism and body composition. The current findings extend potheses regarding the etiology of severe eating disorders
our knowledge of this gene’s action by exploring the impact (26-28). However, the current results to some measure
of the common IGF2 polymorphisms on psychological challenge this view, and we hypothesize that inborn meta-
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TABLE 3. Association Between Body Mass Index and Three Single Nucleotide Polymorphisms (SNPs) of the IGF2 Gene in

1,549 Nonclinical Subjects (805 Siblings) in 376 Families?

Number of Transmitted Alleles

Association Between

Body Mass Index and SNP

Allele Number of Expected Under Null

IGF2SNP  Allele Frequency  Informative Families®  Observed (5) Hypothesis (E[S])¢ Var(S) z p
2207 C 0.910 14 407.920 422.870 1479.169 -0.39 0.70

T 0.090 105 2581.340 2625.185 23922.417 -0.28 0.78
Apal A 0.314 203 5336.600 5597.953 51389.683 -1.15 0.25

G 0.684 107 3749.100 3270.980 20331.604 3.35 0.0008
1156 C 0.305 196 5084.310 5314.482 49953.950 -1.03 0.31

T 0.695 96 3010.030 2905.852 28178.522 0.62 0.54

2 In the test of association with body mass index, sex was used as a covariate.

b with at least one heterozygote parent.

¢ Null hypothesis: no association in the presence of linkage (empirical variance option).

TABLE 4. Linkage Disequilibrium Between Three Single Nucleotide Polymorphisms (SNPs) of the IGF2 Gene in Nonclinical

Subjects in 376 Families

Conventional Measure of Association

Chi-Square Analysis

Conventional Measure of Disequilibrium

Log of Cramer’s  Uncertainty
SNP Pair N x? df p Probability \% Coefficient (U) D D’ A2
2207 and Apal 1,407 50.53 1 <0.0001 11.93 0.189 0.0534 0.025 0.898 0.036
2207 and 1156 1,407 52.35 1 <0.0001 12.33 0.192 0.0595 0.025 0.946 0.037
Apal and 1156 1,410 32.77 1 <0.0001 7.99 0.152 0.0197 0.032 0.342 0.023

bolic tendencies to gain weight in some women may trig-
ger constant dieting that in some individuals eventually
leads to severe eating disorders, including anorexia ner-
vosa, bulimia nervosa, and binge eating disorder. Not sur-
prisingly, a gene that predisposes to modest increases in
body mass index also is also associated with scores on the
Eating Disorder Inventory-2 drive for thinness subscale,
which measures excessive concern with dieting.

These data confirm in an exclusively Jewish population
the association between the IGF2 Apal G allele and body
mass index that has been observed in several investiga-
tions (6-10). In a study in the United Kingdom, the less
common Apal A allele was associated with lower body
mass index (9). In the current study this same allele was
also associated with lower body mass index. However, in
an American study of a mixed ethnic group of 500 men
and women, Caucasian subjects with the IGF2 Apal AA
genotype exhibited significantly greater fat mass than did
Caucasian GG subjects, but no association with body mass
index was observed (8). It is interesting that the evidence
provided by the U.K. studies (5, 6, 9, 10) suggests that the
association between IGF2 SNPs and body mass index rep-
resents an association between a genomic region rather
than a specific etiological SNP. Moreover, the weight-low-
ering effect of less common IGF2 alleles was apparent in
all quintiles of body mass index, strengthening the notion
that rare IGF2 SNPs in the U.K. study exert their effects
across the whole range of body weights. Overall, these re-
sults suggest that the IGF2 Apal polymorphism’s role in
body composition is influenced by both other SNPs within
the IGF2 genomic region and other genes.

The mechanism by which IGF2 affects body mass index
was suggested in a study employing a 100-day overfeeding
protocol conducted with pairs of monozygotic twins (29).
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In response to caloric surplus, fasting plasma levels of in-
sulin increased more among the subjects with the IGF2
Apal GG genotype than among those with AA or AG. The
changes were independent of changes in total fatness. The
Apal G allele is also associated with significantly higher lev-
els of IGF2 mRNA than is the A allele, showing a role for this
polymorphism in the transcription of this gene (30). As ex-
pected for a hormone that in humans increases growth, the
IGF2 knockout mouse presents a lighter, smaller pheno-
type (31) and a transgenic IGF2 mouse overexpressing in-
sulin-like growth factor 2 is heavier than controls (32).

In the current study, the IGF2 Apal G allele was associ-
ated with a number of phenotypes (various measures of
eating behavior, body mass index). The association across
phenotypes reflecting direct measurements of eating be-
havior is not surprising since these variables (Eating Atti-
tudes Test, its subscales, Eating Disorder Inventory-2 body
dissatisfaction and drive for thinness subscales, body
mass index) are correlated. The current results therefore
support the notion that the association between the IGF2
Apal G allele and various measures of eating behavior and
body mass index are “driven” by the G allele’s effect on
body mass and composition (6-10). It is worth noting that
the metabolic profile associated with the IGF2 Apal G al-
lele precedes the onset of eating disorders and sets the
stage, by its impact on adiposity and body mass index, for
the onset of the clinical syndromes associated with eating
disorders in some women. Although we have emphasized
the risk conferred by the IGF2 Apal G allele, it should be
underscored that the rare AA homozygote subjects (ap-
proximately 9% in this population) are seemingly pro-
tected by their low body mass index against the develop-
ment of eating disorders.
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We are aware of at least one other study, of binge eating,
that showed a significant association between an eating
disorder and a “metabolism” gene, the MC4R coding re-
gion (the leptin binding domain) of the proopiomelano-
cortin gene (POMC) (33). All carriers of MC4R mutations
were given a diagnosis of binge eating disorder, suggesting
to the authors that MC4R is a candidate gene in the control
of eating behavior. The current report, based on an inves-
tigation of a nonclinical population, suggests that a sec-
ond “metabolism” gene, IGF2, also contributes to the con-
trol of eating behavior in humans.

Anorexia nervosa, bulimia nervosa, and binge eating
disorder present a complex phenotype associated with ab-
errant eating behaviors, body image distortions, impulse
and mood disturbances, hormonal and mineral imbal-
ances, and characteristic temperament and personality
traits. Employing a strategy of decomposing the pheno-
type of severe eating disorders into quantitative trait loci,
we show in the present study that the IGF2 Apal SNP is as-
sociated with scores on the Eating Attitudes Test, an in-
strument sensitive to pathological eating behavior, in a
nonclinical population. Our results suggest the hypothesis
that some individuals predisposed to modest increases in
body mass index due to common polymorphisms in the
IGF2 gene, and perhaps unduly influenced by the media
message that thin is better (34, 35), embark on a course of
constant dieting that slowly evolves into a pattern of ab-
normal eating behavior and, in a small percentage of such
individuals, the full-blown clinical syndromes.
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