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Abstract
Background—Depression and Genetic variation in serotonin and monoamine transmission have
both been associated with Body Mass Index (BMI), but their interaction effects are not well
understood. We examined the interaction between depressive symptoms and functional
polymorphisms of serotonin transporter (SLC6A4) and monoamine oxidase A (MAOA) on
categories of BMI.

Methods—Participants were from the National Longitudinal Study of Adolescent Health. Multiple
logistic regression was used to investigate interactions between candidate genes and depression on
risk of obesity (BMI≥30) or overweight + obese combined (BMI≥25).

Results—Males with an MAOA active allele with high depressive symptoms were at decreased
risk of obesity (OR, 0.22; 95% CI, 0.06 – 0.78) and overweight + obesity (OR, 0.48; 95% CI, 0.26
– 0.89). No similar effect was observed among females.

Conclusions—These findings highlight that the obesity-depression relationship may vary as a
function of gender and genetic polymorphism, and suggest the need for further study.

Introduction
Obesity is increasingly a major public health issue and has been associated with a number of
chronic health conditions. Genetic factors are believed to play an important role in regulating
the development of obesity (Bray, 2006). There has been considerable interest in the serotonin
and dopamine neurotransmitter systems, which are hypothesized to regulate behavioral and
metabolic responses associated with the development of obesity through feeding and satiety
(Barsh & Schwartz, 2002). Recent studies of Argentinean adolescents (Sookoian et al., 2007)
and young adult males (Sookoian, Gianotti, Gemma, Burgueno, & Pirola, 2008) found
significant associations between a polymorphism of the serotonin transporter SLC6A4 and
being overweight (Sookoian et al., 2007). In a U.S. sample of young adults, this gene was also
found to be associated with obesity, primarily among men (Fuemmeler et al., 2008). In addition
to SLC6A4, the gene that encodes monoamine oxidase A (MAO-A)—an enzyme that
metabolizes brain amines including serotonin and dopamine—has been examined as a predictor
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of obesity. In a large U.K. cohort (n=1,150) of Caucasian females, significant associations were
detected between MAOA and Body Mass Index (BMI), with the low-activity u-VNTR
genotype (3/3) being more frequent among obese females (Need, Ahmadi, Spector, &
Goldstein, 2006). This finding supports a previous family-based study in which preferential
transmission of the low activity allele was observed among subjects with BMI >= 35 kg/m2

(Camarena et al., 2004). Also, the association between the low activity allele and obesity was
observed among white and Hispanic, but not African-American, men in a U.S. cohort of young
adolescents and adults (Fuemmeler et al., 2008).

Despite these promising findings, results from many candidate gene studies are not replicated
in other samples. The number of genes found to be consistently associated with obesity-related
phenotypes is much smaller than the set of candidate genes investigated in the literature
(Rankinen et al., 2006) and effect sizes in many of these studies are small. Thus, it is likely
that determining the putative genetic factors of obesity is complex and may involve gene ×
gene and gene × environment interactions.

The interaction of specific genetic alleles with depressive symptoms could be important to
understanding gene × environment interactions, since depressive symptoms have been linked
with obesity and disregulation in eating (e.g., both hyperphasia or appetite loss) (Faith, Matz,
& Jorge, 2002; Stunkard, Harris, Pedersen, & McClearn, 1990). Depression is one of the more
common psychiatric disorders among adolescents and young adults (Birmaher et al., 1996). A
recent report from the National Health and Nutrition Examination Survey indicated that nearly
8% of adolescents ages 15-19 experience a major depressive disorder (MDD). This rate was
higher (10%) among adults ages 20-24 (Riolo, Nguyen, Greden, & King, 2005). Current models
propose that depression and obesity share common pathophysiological elements of the
serotoninergic and dopaminergic neurotransmitter systems (Hainer, Kabrnova, Aldhoon,
Kunesova, & Wagenknecht, 2006; Kalia, 2005; Lopez-Leon et al., 2007; Lopez Leon et al.,
2005). Obesity and depression often co-occur, with some studies suggesting that obesity can
influence the development of depression (Anderson, Cohen, Naumova, Jacques, & Must,
2007; Kasen, Cohen, Chen, & Must, 2007; Scott et al., 2007), whereas others find early
depressive symptoms predict obesity later in life (Anderson, Cohen, Naumova, & Must,
2006; Goodman & Whitaker, 2002; Hasler et al., 2005; Pine, Goldstein, Wolk, & Weissman,
2001; Richardson et al., 2003). In particular, one prospective cohort study of adolescents found
that depressed mood at baseline predicted an increase in BMI among those adolescents that
were not obese at baseline (Goodman & Whitaker, 2002).

Notably, gender appears to be important in the relationship between depression and obesity,
as several studies have found either a positive association in women but not men (Anderson et
al., 2007; Foster, Wadden, Kendall, Stunkard, & Vogt, 1996; Pine et al., 2001; Richardson et
al., 2003) or an inverse relationship between depression and obesity among men (Anderson et
al., 2006; Carpenter, Hasin, Allison, & Faith, 2000; Scott et al., 2007). A large cohort study of
more than 40,000 respondents found that women with higher BMI were at increased risk for
both MDD and suicide ideation, but among men, lower BMI was associated with decreased
risk for MDD, fewer suicide attempts, and less suicidal ideation (Carpenter et al., 2000). Both
obesity and depression are risk factors for similar chronic diseases (i.e. coronary heart disease)
(Herva et al., 2006); thus, it is an important public health endeavor to understand this
depression-obesity link.

The purpose of this paper is to examine whether depressive symptoms moderate the
relationship between candidate genes (SLC6A4 and MAOA) and obesity. In this model,
depressive symptoms exert influence on the genotype-obesity association through both unique
genetic and environmental pathways. A previous study by our research team has found main
effects between specific candidate genes and obesity risk (Fuemmeler et al., 2008). Given our
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previous finding amid similar studies, other studies suggesting an association between obesity
and depression, and the hypothesized overlap in the neurobiological mechanisms underlying
these conditions, we hypothesized that candidate genes associated with the regulation of
serotonin and dopamine would interact with depressive symptoms to predict obesity and that
gender would be important to these relationships.

Methods
Data source

The study population was 20,745 adolescents from the National Longitudinal Study of
Adolescent Health (Add Health), a nationally representative study of adolescents. The
longitudinal cohort includes 15,197 eligible respondents who completed in-home surveys on
three separate occasions (April to December, 1995; April to August, 1996; and August 2001
to August 2002). The mean age of survey participants in the three waves of data collection was
15.65 (SD = 1.75) years, 16.22 (SD = 1.64) years, and 22.96 (SD = 1.77) years, respectively.
All survey participants at Wave III were 18 years of age or older. By design, the Add Health
survey included a sample stratified by region, urbanicity, school type, ethnic mix, and size to
garner a nationally representative sample. Precise details regarding the design and data
collection have been described elsewhere (Harris et al., ; Resnick et al., 1997).

Study Sample
At Wave III, a subset of individuals identified to be full siblings or twins at earlier waves (n =
3,787) consented to provide a saliva sample for DNA analysis. The study conformed to local
institutional review board (IRB) approved procedures (further details can be obtained at
www.cpc.unc.edu/projects/addhealth). For our analyses, we included only unrelated
individuals by randomly selecting one sibling from each sibship. Participants who were
pregnant were excluded from analysis (n=51). For the analyses comparing normal weight
individuals (BMI, 18.5 - 25) to obese individuals (BMI ≥ 30) the total available sample included
1,133 individuals. For the analyses comparing normal weight individuals to overweight and
obese individuals (BMI ≥ 25) the total available sample included 1,584 individuals. Genotype
was missing for one or more of the genetic markers for some individuals which resulted in
variability in the total number of individuals available for each gene-specific analysis.

Genotyping
Buccal samples were collected on the participants and DNA extracted using a modification of
procedures previously described (Freeman et al., 1997; Lench, Stanier, & Williamson, 1988;
Meulenbelt, Droog, Trommelen, Boomsma, & Slagboom, 1995; Spitz et al., 1998) (further
details at www.cpc.unc.edu/projects/addhealth). Six functional polymorphisms were
genotyped within six candidate genes that had been previously associated with behavioral and
psychological outcomes. However, for the purposes of this study we only focused on two that
had previously been associated with obesity in this sample (Fuemmeler et al., 2008): a 44 bp
insertion/deletion polymorphism (5HTTLPR) in the promoter of the serotonin transporter
(SLC6A4) and a 30 bp VNTR in the promoter of the monoamine oxidase A (MAOA) gene.
Details regarding the genotyping procedure are reported elsewhere (Anchordoquy, McGeary,
Liu, Krauter, & Smolen, 2003; Timberlake et al., 2006). The genotypes were tested for
deviations from Hardy Weinberg Equilibrium (HWE) in the normal weight BMI strata and no
deviations were observed (p-values > .05).

Body Mass Index
BMI was calculated based on height and weight (BMI = weight in kilograms/height in
meters2) measured by Add Health staff during the in-home interviews at Wave II and Wave
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III. Height and weight were self-reported at Wave I and thus, analyses of BMI were restricted
to Wave II and III.

Depressive Symptoms
The Add Health study included a modified 10-item version of the Center for Epidemiologic
Studies – Depression (CES-D). For Add Health, the response scale and tense (i.e., from the
first to second person) of some CES-D items were modified, but have been shown to not
meaningfully affect the internal structure of the measure (Crockett, Randall, Shen, Russell, &
Driscoll, 2005). Respondents are asked to indicate how often they experienced each depressive
symptom in the past 7 days. An example of one of the items is “you felt depressed”. Responses
range from 0 (never or rarely) to 3 (most of time or all of the time) with a total scores ranging
from 0 to 30. This version of the CES-D has demonstrated good internal consistency across
waves (Cronbach's α=.87 at Wave III). For our analyses, individuals were classified into one
of two groups, those reporting CES-D scores of 10 or greater and those reporting between 0 –
9 symptoms. We used a ≥ 10 cutoff to ensure that participants had at least mild to moderate
depressive symptoms. This 10 symptom cutoff was chosen because previous literature has
suggested that scores of greater than 10 on a 10-item CES-D represent levels similar to those
≥ 16 on the full-length 20 item version (Andresen, Malmgren, Carter, & Patrick, 1994), which
is indicative of mild to moderate depression (Radloff, 1977).

Sociodemographic variables
Covariates included indicators of socioeconomic status (e.g., parental reported education at
Wave I), chronological age of participant at Wave III, and self-identified race/ethnicity.
American Indians and Asians were excluded from the analyses because they were
underrepresented in the available data. Thus, our analyses only included American whites,
African-Americans, and Hispanics.

Statistical Analysis
Statistical analyses were conducted using SAS-callable SUDAAN (version 8.0) statistical
software (SUDAAN User's Manual, Release 8.0, 2001). SUDAAN allows for control of survey
design effects of individuals clustered in sampling unit of school and stratification of
geographic region. The specific genotypes were grouped for analysis according to the extant
literature with these candidate genes (Munafo, Clark, Johnstone, Murphy, & Walton, 2004;
Todd et al., 2005). MAOA alleles were classified into two groups, the low-activity alleles
indicated by three copies of the 30-bp repeat sequence and high activity alleles, namely 3.5, 4,
or 5 repeats. Participants were classified by genotype as homozygous for low-activity (3/3) or
high-activity indicated by carriers of a high-activity allele (homozygous or heterozygous)
(Sabol, Hu, & Hamer, 1998). The dialelic model for SLC6A4 was used for classifying
participants into s/s, s/l or l/l (Hu et al., 2005). Two separate sets of multiple logistic regressions
were conducted. In the first, regression was used to identify the variables which predicted
obesity (BMI > 29.9) using normal weight (BMI = 18.5 – 24.9) as a referent in order to identify
genetic factors associated with the highest level of risk. In the second, regression was used to
predict overweight + obese combined (BMI ≥ 25). This approach allowed for the identification
of any risk factors associated with above normal weight. Participants who were underweight
(< 18.5; n = 47) were excluded. Each of the two polymorphisms (MAOA or SLC6A4) was
evaluated separately. Because we found in a previous analysis that the main effect for the
relationship between SLC6A4 and obesity was present among men but not women, we
stratified our analysis on gender (Fuemmeler et al., 2008). Because the MAOA gene is located
on the X-chromosome we stratified analyses for that genotype on gender. Models included the
categorical main effect variable for depressive symptoms (CES-D), the specific allele (MAOA
or SLC6A4), age, race, parental education level, and finally the interaction between the allele
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and categorical variable for depressive symptoms. For significant interaction effects, p-values
are presented. To clarify the interpretation of significant interaction effects, stratified analyses
were conducted and odds ratios were calculated when samples sizes permitted.

Results
Table I displays the overall socio-demographics by BMI category (normal weight vs. obese
vs. overweight + obese). Bivariate chi square analyses revealed significant differences among
BMI category for race/ethnicity, parental education and age (p < .05), and a trend for gender
(normal vs. overweight + obese, p = .07). About 15.5 percent of the normal weight individuals
in this sample had CES-D scores greater than or equal to 10 which is slightly higher than what
others have reported using this cut-off among older adults (Andresen et al., 1994); however,
this percentage of high levels of depressive symptoms is consistent with rates observed among
older adolescents and young adults (Colangelo et al., 2007). In the sample as a whole, a greater
proportion of women had CES-D scores greater than or equal to 10 compared to men (10.9%
vs. 5.7%; X2 = 27.14, p < .0001). Depressive symptoms were not associated with BMI status
at the bivariate level.

Table II describes genotype frequencies overall and by BMI categories included in the analyses.
Genotype distributions in the normal weight BMI strata did not deviate from HWE (all p-values
> .05). Signficant bi-variate associations were observed between SLC6A4 and obesity and
overweight+obesity for both genders. A trend toward significance was observed between
MAOA and obesity for both genders.

The main effects from the logistic regression analyses with age, race, parental education level,
genotype (either SLC6A4 or MAOA) and CES-D can be seen in Table III. Controlling for
depressive symptoms and other covariates a significant main effect of MAOA and SLC6A4
on obesity and overweight+obesity was found among men. In general, the relationship between
depressive symptoms and greater weight categories tended to show an inverse relationship
among men but was positive associated among women; however, these associations were not
statistically significant in many of the models.

The p-values for the models that included the interaction term and the stratified analyses can
be viewed in Tables IV and V. The interaction models yielded a significant interaction between
MAOA and depression on both risk of obesity and overweight+obesity among males (p < .05),
but not females. In males with the active form of the MAOA gene, higher depressive symptoms
were associated with a decreased risk of obesity (OR, 0.22; 95% CI, 0.06 – 0.78) and overweight
+ obesity (OR, 0.48; 95% CI, 0.26 – 0.89). The predicted marginals for those with ≥ 10 and
active MAOA allele was 10.0 % versus 29.5 % among those with a 0-9 CES-D score, p = .002
(Figure 1). Men with the low activity MAOA allele showed a slightly higher risk of obesity
relative to those with the active allele in which a decreased risk was present (low active MAOA
OR, 1.32; 95% CI, 0.51 – 3.37 vs. Active MAOA OR, .22 (0.06 – 0.78). Nevertheless, among
those with the low active allele, depressive symptoms did not appear to play a role (predicted
marginals for those ≥ 10 and low active allele = 41.0 % versus those with 0-9 and low active
allele = 39.5%, p = .87).

Discussion
The present study assessed relationships among reported depressive symptoms, genotype, and
risk of obesity in a U.S. sample of young adults. A genotype × depressive symptoms interaction
was observed for the polymorphism in the MAOA gene among males. When this interaction
was stratified by allele and depressive symptoms the result revealed a significant protective
effect for those reporting elevated depressive symptoms and those who carry the active MAOA
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allele. The current study extends our previous findings of a significant main effect between
MAOA among males and obesity (Fuemmeler et al., 2008) by suggesting that the obesity risk
among males is related to an interaction between genetic differences and depressive symptoms.

The active form of the MAOA promoter VNTR, in combination with ≥ 10 CES-D score was
associated with a very low risk of obesity (predicted marginals = 10%) which was much lower
than those without this form of the gene who also had depressive symptoms. This adjusted
proportion of obesity is also much lower than the proportion obese seen among young adults
observed in other studies (Hedley et al., 2004). This finding of a decreased obesity risk in the
presence of the active form of MAOA and depressive symptoms is of interest, since previous
studies have found that men in general who are depressed show either no increased risk of
obesity (Istvan, Zavela, & Weidner, 1992; Moore, Stunkard, & Srole, 1962) or show decreased
risk relative to women (Carpenter et al., 2000). The present results suggest that the previously
observed decreased risk of obesity among depressed men may be due to a decreased risk in a
subsample of men who carry the active MAOA allele. The link between obesity-depression
and the role of genetic influence deserves further study.

The MAOA polymorphism that we examined is believed to regulate activity of brain MAO-
A enzymes which in turn modulates levels of brain amines including dopamine, serotonin and
norepinephrine (Buckholtz & Meyer-Lindenberg, 2008). A dysregulation in brain monoamine
levels may potentially influence energy balance, as these amines are associated with feeding
behaviors and enjoyment of food. Dopamine neurotransmission, for instance, is associated with
a range of brain functions including reward, sensorimotor activation, associative learning and
emotion, each with putative effects on food reward and feeding behavior (Palmiter, 2007).
Further, it has been hypothesized that eating may restore low levels of dopamine signaling
(Bassareo & Di Chiara, 1999). If so, a proposed mechanism for the observed finding is that
those with the active variant of MAOA—and thus lower tonic levels of dopamine—might be
at heightened risk of obesity since eating restores brain dopamine levels. However, in the
context of depression and male gender, the relation between dopamine and feeding and
ultimately obesity might be attenuated. High brain MAOA levels and dopamine signaling are
thought to be central to depression. Decreased dopamine availability is thought to be associated
with symptoms of anhedonia (among others) seen in clinical depression (Dunlop & Nemeroff,
2007). Although speculative, the current findings might suggest biologically low tonic levels
of dopamine contribute to higher depressive symptoms and lower reward sensitivity whereby
little pleasure is derived from eating and feeding resulting in decreased rates of obesity among
males in this sample. Individuals without depression and those with higher dopamine
availability (low brain MAOA levels) could be more inclined to have obesity rates equal to or
higher than the general population. Why this potential mechanism might be at play among
males but not females is a question for future studies aimed at elucidating the processes
underlying genetic variation and feeding behavior.

It should be noted that there remains debate about the relationship between how enzymatic
activity of MAO-A relates to particular MAOA genotypes, as positron emission tomography
(PET) and functional magnetic resonance imaging (fMRI) studies have found a lack of
correspondence between low vs. high activity MAOA genotype and brain MAO-A levels
among healthy adult males (Alia-Klein, Kriplani et al., 2008; Fowler et al., 2007). This lack
of association between polymorphism in the MAOA gene and brain MAO-A in this cross-
sectional study gives rise to the hypothesis that the gene-enzyme relationship could be
developmentally mediated (Alia-Klein, Goldstein et al., 2008; Fowler et al., 2007).

Our results indicated some interesting potential gender effects. Different effects of gender were
found with regard to the interaction between MAOA genotype and depressive symptoms in
predicting obesity. Gender differences are notable in the epidemiology of depression. Women
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have higher rates especially in the reproductive years and symptom presentation tends to differ,
with men more likely to present with non-atypical depressive symptoms (NAD) (e.g.,
hypophagia, insomnia, psychomotor agitation) and women with atypical symptoms (i.e.,
hyperphagia, hypersomnia, psychomotor retardation) (Grigoriadis & Robinson, 2007). As
noted above, the association between depression and obesity risk also appears to be
distinguished by gender. The finding of this study could help explain why previous researchers
have mixed results regarding a reduced or null risk of obesity among men compared to women
with depressive symptoms. Specifically, the results suggest that a genetic variant of MAOA –
an X-linked gene – may be exerting influence in this association. However, replication studies
in other samples are needed before definitive conclusions can be made.

While we are enthusiastic about the findings presented here, caution is warranted. Gene ×
environment interactions are difficult to detect with diminishing sample sizes (Dempfle et al.,
2008). While the sample size in this study was fairly robust and many of the cell counts for
these models were of sufficient size, we feel replication is warranted before definitive
conclusions can be made about the role that depressive symptoms and these genes have on
regulating weight and risk of obesity. Further, initial reports from candidate gene studies, in
general, may overestimate the effect (Lohmueller, Pearce, Pike, Lander, & Hirschhorn,
2003) and modest yet significant effects are reported here. The hypothesis driven analyses
reduce, in part, the Type I error, but continued research is needed. Another limitation of the
current study was that other indicators of adiposity or body composition (e.g., waist
circumference, skin fold measures) were not present in the Add Health study. In general, BMI
is a good proxy, but examining the association between these candidate genes and other
indicators of adiposity and body composition would strengthen the findings.

The results underscore the need for additional research examining the role that depression and
these neurotransmitter systems have on BMI and other energy-balance behaviors (e.g., diet
and physical activity). Furthermore, there may exist other potential complex gene × gene and
gene × environment interactions that may further characterize the risk of obesity.
Understanding the potential interaction between biological, psychological, and social risk
factors is central to generating informed hypotheses about the causes and ultimately prevention
of obesity.
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Figure 1.
Interaction of MAOA with Depressive symptoms on obesity.

Fuemmeler et al. Page 11

Behav Genet. Author manuscript; available in PMC 2010 June 14.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Fuemmeler et al. Page 12

Ta
bl

e 
I

G
en

de
r, 

Et
hn

ic
ity

, P
ar

en
ta

l E
du

ca
tio

n,
 a

nd
 A

ge
 b

y 
N

or
m

al
 W

ei
gh

t, 
O

be
se

, a
nd

 O
ve

rw
ei

gh
t +

 O
be

se
a .

N
or

m
al

 W
ei

gh
t

O
be

se
O

ve
rw

ei
gh

t +
 O

be
se

N
%

N
%

N
%

T
ot

al
75

1
38

2
83

3

G
en

de
r

   
   

  M
al

e
35

0
46

.6
1

16
7

43
.7

2
42

4
50

.9
0

   
   

  F
em

al
e

40
1

53
.3

9
21

5
56

.2
8

40
9

49
.1

0

E
th

ni
ci

ty

   
   

  W
hi

te
52

3
69

.6
4

23
2

60
.7

3b
52

4
62

.9
0c

   
   

  B
la

ck
13

9
18

.5
1

67
17

.5
3

14
5

17
.4

1

   
   

  H
is

pa
ni

c
89

11
.8

5
83

21
.7

2
16

4
19

.6
9

Pa
re

nt
al

 E
du

ca
tio

n 
L

ev
el

   
   

  L
es

s T
ha

n 
H

ig
h 

Sc
ho

ol
59

8.
86

57
14

.9
2b

10
2

13
.7

3c

   
   

  H
ig

h 
Sc

ho
ol

 o
r E

qu
iv

al
en

t
14

6
21

.9
2

11
7

30
.6

3
23

2
31

.2
2

   
   

  S
om

e 
C

ol
le

ge
20

2
30

.3
3

87
22

.7
7

21
9

29
.4

8

   
   

  C
ol

le
ge

 o
r H

ig
he

r
25

9
38

.8
9

76
19

.9
0

19
0

25
.5

7

C
E

S-
D

   
   

  0
 –

 9
63

4
84

.4
2

31
4

82
.2

0
68

8
82

.9
9

   
   

  ≥
 1

0
11

7
15

.5
8

68
17

.8
0

14
1

17
.0

1

M
ea

n
SD

M
ea

n
SD

M
ea

n
SD

A
ge

21
.1

8
0.

14
22

.1
8d

0.
13

22
.0

5e
0.

13

a N
or

m
al

 W
ei

gh
t =

 B
M

I 1
8.

5 
- 2

4.
9;

 O
be

se
 =

 B
M

I >
29

.9
; O

ve
rw

ei
gh

t o
r O

be
se

 =
 B

M
I >

25

b Si
gn

ifi
ca

nt
 X

2  
co

m
pa

ris
on

 b
et

w
ee

n 
ob

es
e 

vs
. n

or
m

al
 w

ei
gh

t (
p 

< 
.0

5)

c Si
gn

ifi
ca

nt
 X

2  
co

m
pa

ris
on

 b
et

w
ee

n 
ov

er
w

ei
gh

t +
 o

be
se

 v
s. 

no
rm

al
 w

ei
gh

t (
p 

< 
.0

5)

d Si
gn

ifi
ca

nt
 t-

te
st

s b
et

w
ee

n 
ob

es
e 

vs
. n

or
m

al
 w

ei
gh

t (
p 

< 
.0

5)

e Si
gn

ifi
ca

nt
 t-

te
st

s b
et

w
ee

n 
ov

er
w

ei
gh

t +
 o

be
se

 v
s. 

no
rm

al
 w

ei
gh

t (
p 

< 
.0

5)

Behav Genet. Author manuscript; available in PMC 2010 June 14.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Fuemmeler et al. Page 13

Ta
bl

e 
II

O
ve

ra
ll 

G
en

ot
yp

e 
Fr

eq
ue

nc
ie

s a
nd

 F
re

qu
en

ci
es

 b
y 

N
or

m
al

 W
ei

gh
t, 

O
be

se
, a

nd
 O

ve
rw

ei
gh

t +
 O

be
se

a .

T
ot

al
N

or
m

al
 W

ei
gh

t
O

be
se

O
ve

rw
ei

gh
t +

 O
be

se

N
%

N
%

N
%

N
%

SL
C

6A
4 

(M
al

es
)

   
   

  s
/s

14
1

18
.3

4
48

13
.7

9
40

23
.9

5
93

22
.0

9

   
   

  s
/l

36
0

46
.8

1
16

6
47

.7
0

76
45

.5
1

19
4

46
.0

8

   
   

  l
/l

26
8

34
.8

5
13

4
38

.5
1

51
30

.5
4b1

13
4

31
.8

3c1

SL
C

6A
4 

(F
em

al
es

)

   
   

  s
/s

13
2

16
.4

0
63

15
.7

5
39

18
.3

1
69

17
.0

4

   
   

  s
/l

37
3

46
.3

4
20

2
50

.5
0

88
41

.3
1

17
1

42
.2

2

   
   

  l
/l

30
0

37
.2

7
13

5
33

.7
5

86
40

.3
8b2

16
5

40
.7

4c2

M
A

O
A

 (M
al

es
)

   
   

  L
ow

 a
ct

iv
e

31
4

40
.9

4
13

3
38

.3
3

76
45

.7
8

18
1

43
.1

0

   
   

  A
ct

iv
e

45
3

59
.0

6
21

4
61

.6
7

90
54

.2
2b2

23
9

56
.9

0

M
A

O
A

 (F
em

al
es

)

   
   

  L
ow

 a
ct

iv
e

47
4

59
.1

0
23

1
58

.3
3

13
8

64
.4

9
24

3
59

.8
5

   
   

  A
ct

iv
e

32
8

40
.9

0
16

5
41

.6
7

76
35

.5
1b2

16
3

40
.1

5

b  
Si

gn
ifi

ca
nt

 X
2  

co
m

pa
ris

on
 b

et
w

ee
n 

ob
es

e 
vs

. n
or

m
al

 w
ei

gh
t (

b1
 p

 <
 .0

5;
 b

2 
p 
≤ 

.1
 )

c  
Si

gn
ifi

ca
nt

 X
2  

co
m

pa
ris

on
 b

et
w

ee
n 

ov
er

w
ei

gh
t +

 o
be

se
 v

s. 
no

rm
al

 w
ei

gh
t (

c1
 p

 <
 .0

5;
 c

2 
p 
≤ 

.1
)

a N
or

m
al

 W
ei

gh
t =

 B
M

I 1
8.

5 
- 2

4.
9;

 O
be

se
 =

 B
M

I >
29

.9
; O

ve
rw

ei
gh

t o
r O

be
se

 =
 B

M
I >

25

Behav Genet. Author manuscript; available in PMC 2010 June 14.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Fuemmeler et al. Page 14

Ta
bl

e 
III

A
dj

us
te

d 
O

dd
 R

at
io

a , 
C

on
fid

en
ce

 In
te

rv
al

s, 
an

d 
p-

va
lu

es
 fo

r m
ai

n 
ef

fe
ct

 m
od

el
s

N
or

m
al

 v
s. 

O
be

se
N

or
m

al
 v

s. 
O

ve
rw

ei
gh

t/O
be

se

O
R

C
I

p
O

R
C

I
p

M
al

es

   
   

  C
ES

-D

   
   

   
   

< 
9

   
   

   
 >

= 
10

0.
59

0.
28

 - 
1.

24
0.

16
0.

60
0.

36
 - 

1.
02

0.
06

   
   

  S
LC

6A
4

   
   

   
   

L/
L

   
   

   
   

S/
L

0.
87

0.
51

 - 
1.

47
0.

99
0.

70
 - 

1.
38

   
   

   
   

S/
S

1.
94

1.
01

 - 
3.

71
0.

03
1.

75
1.

07
 - 

2.
85

0.
03

Fe
m

al
es

   
   

  C
ES

-D

   
   

   
   

< 
9

   
   

   
 >

= 
10

1.
49

0.
81

 - 
2.

78
0.

20
1.

47
0.

93
 - 

2.
32

0.
09

   
   

  S
LC

6A
4

   
   

   
   

L/
L

   
   

   
   

S/
L

0.
70

0.
42

 - 
1.

16
0.

66
0.

46
 - 

0.
95

   
   

   
   

S/
S

0.
96

0.
56

 - 
1.

64
0.

12
0.

87
0.

54
 - 

1.
38

0.
06

M
al

es

   
   

  C
ES

-D

   
   

   
   

< 
9

   
   

   
 >

= 
10

0.
59

0.
30

 - 
1.

17
0.

13
0.

58
0.

34
 -0

.9
8

0.
04

   
   

  M
A

O
A

   
   

  H
ig

h 
A

ct
iv

ity

   
   

  L
ow

 A
ct

iv
ity

1.
92

1.
20

 - 
3.

06
0.

01
1.

47
1.

06
 - 

2.
04

0.
02

Fe
m

al
es

   
   

  C
ES

-D

   
   

   
   

< 
9

   
   

   
 >

= 
10

1.
50

0.
82

 - 
2.

75
0.

19
0.

69
0.

44
 - 

1.
08

0.
10

   
   

  M
A

O
A

Behav Genet. Author manuscript; available in PMC 2010 June 14.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Fuemmeler et al. Page 15

N
or

m
al

 v
s. 

O
be

se
N

or
m

al
 v

s. 
O

ve
rw

ei
gh

t/O
be

se

O
R

C
I

p
O

R
C

I
p

   
   

  H
ig

h 
A

ct
iv

ity

   
   

  L
ow

 A
ct

iv
ity

0.
99

0.
69

 - 
1.

42
0.

95
0.

93
0.

68
 - 

1.
27

0.
64

a m
od

el
s a

dj
us

te
d 

fo
r r

ac
e,

 p
ar

en
ta

l e
du

ca
tio

n 
le

ve
l a

nd
 a

ge

Behav Genet. Author manuscript; available in PMC 2010 June 14.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Fuemmeler et al. Page 16

Ta
bl

e 
IV

R
is

k 
of

 o
be

si
ty

 o
r o

ve
rw

ei
gh

t +
 o

be
si

ty
 a

m
on

g 
m

al
es

 a
nd

 fe
m

al
es

 a
ss

oc
ia

te
d 

w
ith

 d
ep

re
ss

iv
e 

sy
m

pt
om

s a
nd

 p
ol

ym
or

ph
ic

 m
ar

ke
rs

 o
f t

he
 S

LC
6A

4 
ge

ne
.

C
E

S-
D

 L
ev

el
s

SL
C

6A
4 

ge
no

ty
pe

In
te

ra
ct

io
n 

p 
va

lu
e

s/
s

s/
l

l/l

n
O

R
a  

(9
5%

 C
I)

n
O

R
a  

(9
5%

 C
I)

n
O

R
a  

(9
5%

 C
I)

N
or

m
al

 v
s O

be
se

   
 M

al
es

   
   

  D
ep

re
ss

iv
e 

Sy
m

pt
om

s
Lo

w
69

18
7

14
4

H
ig

h
15

0.
48

 (0
.1

3 
- 1

.8
2)

23
.0

7 
(0

.2
8 

- 1
.7

8)
22

0.
48

 (0
.1

2 
- 1

.8
7)

0.
72

   
 F

em
al

es

   
   

  D
ep

re
ss

iv
e 

Sy
m

pt
om

s
Lo

w
72

20
6

15
2

H
ig

h
18

1.
63

 (0
.4

8 
- 5

.5
6)

50
1.

07
 (0

.4
3 

- 2
.6

5)
40

2.
30

 (0
.8

8 
- 6

.0
0)

0.
39

N
or

m
al

 v
s O

ve
rw

ei
gh

t +
 O

be
se

   
 M

al
es

   
   

  D
ep

re
ss

iv
e 

Sy
m

pt
om

s
Lo

w
11

3
28

4
21

1

H
ig

h
20

0.
42

 (0
.1

4 
- 1

.2
6)

32
0.

66
 (0

.3
3 

- 1
.2

9)
31

0.
77

 (0
.3

3 
- 1

.8
0)

0.
77

   
 F

em
al

es

   
   

  D
ep

re
ss

iv
e 

Sy
m

pt
om

s
Lo

w
92

26
0

21
0

H
ig

h
24

1.
77

 (0
.6

8 
- 4

.5
7)

70
1.

34
 (0

.6
8 

- 2
.6

3)
55

1.
79

 (0
.7

7 
- 4

.2
0)

0.
74

a O
R

 a
dj

us
te

d 
fo

r a
ge

, r
ac

e,
 a

nd
 p

ar
en

ta
l e

du
ca

tio
n 

le
ve

l

Behav Genet. Author manuscript; available in PMC 2010 June 14.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Fuemmeler et al. Page 17

Ta
bl

e 
V

R
is

k 
of

 o
be

si
ty

 o
r o

ve
rw

ei
gh

t +
 o

be
si

ty
 a

m
on

g 
m

al
es

 a
nd

 fe
m

al
es

 a
ss

oc
ia

te
d 

w
ith

 d
ep

re
ss

iv
e 

sy
m

pt
om

s a
nd

 p
ol

ym
or

ph
ic

 m
ar

ke
rs

 o
f t

he
 M

A
O

A
 g

en
e.

C
E

S-
D

 L
ev

el
s

M
A

O
A

 g
en

ot
yp

e
In

te
ra

ct
io

n 
p 

va
lu

e

L
ow

 a
ct

iv
ity

H
ig

h 
A

ct
iv

ity

n
O

R
a  

(9
5%

 C
I)

n
O

R
a  

(9
5%

 C
I)

N
or

m
al

 v
s O

be
se

   
 M

al
es

   
   

  D
ep

re
ss

iv
e 

Sy
m

pt
om

s
Lo

w
14

8
25

0

H
ig

h
31

1.
32

 (0
.5

1 
- 3

.3
7)

29
0.

22
 (0

.0
6 

- 0
.7

8)
0.

04

   
 F

em
al

es

   
   

  D
ep

re
ss

iv
e 

Sy
m

pt
om

s
Lo

w
29

4
19

7

H
ig

h
75

1.
30

 (0
.6

1 
- 2

.7
5)

44
1.

87
 (0

.7
6 

- 4
.5

7)
0.

57

N
or

m
al

 v
s O

ve
rw

ei
gh

t +
 O

be
se

   
 M

al
es

   
   

  D
ep

re
ss

iv
e 

Sy
m

pt
om

s
Lo

w
23

2
37

5

H
ig

h
40

0.
77

 (0
.3

7 
- 1

.5
9)

42
0.

48
 (0

.2
6 

- 0
.8

9)
0.

31

   
 F

em
al

es

   
   

  D
ep

re
ss

iv
e 

Sy
m

pt
om

s
Lo

w
37

2
26

2

H
ig

h
10

1
1.

21
 (0

.7
2 

- 2
.0

6)
62

1.
85

 (0
.9

2 
- 3

.6
8)

0.
34

a O
R

 a
dj

us
te

d 
fo

r a
ge

, r
ac

e,
 a

nd
 p

ar
en

ta
l e

du
ca

tio
n 

le
ve

l

Behav Genet. Author manuscript; available in PMC 2010 June 14.


