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Abstract

Purpose The regulation of food intake and body weight involves two interacting systems: (a) The homeostatic system
(including biological regulators of hunger and satiety) and (b) the non-homeostatic system, (involving concepts of food
reinforcement and food addiction). Studies have established a strong genetic component in eating behavior and obesity. The
Taql A1 polymorphism (rs1800497) has previously been associated with eating behavior, diminished dopamine D2 receptor
(DRD?2) density, higher body mass, and food reinforcement, but relations to food addiction remain unclear.

Aim To evaluate the association between the polymorphism rs1800497 with eating behavior, food reinforcement and food
addiction in Chilean adults.

Methods This cross-sectional study recruited a convenience sample of 97 obese, 25 overweight and 99 normal-weight adults
(18-35 years). Anthropometric measurements were performed by standard procedures. Eating behavior was assessed using
the: Yale Food Addiction Scale (YFAS), the Three Factor Eating Behavior Questionnaire and the Food Reinforcement Value
Questionnaire (FRVQ). The DRD2 genotype (rs1800497) was determined by tagman assays.

Results Twenty-two percentage of the participants met the criteria for food addiction. Food addiction was higher in women
than men (26% vs 10.7%) and in obese compared to non-obese (40% vs 6%). There was no relationship between food addic-
tion and DRD2 genotype. However when stratified by sex and nutritional status, obese female carriers of the Al allele
reported greater scores on emotional eating and snack food reinforcement compared to non-carriers.

Conclusions The DRD2 polymorphism is associated with some hedonic aspects of eating behavior, namely food reinforce-
ment and emotional eating but not food addiction, and this association may be moderated by sex and obesity status, with
obese women who are carriers of this genetic variant at higher risk.

Level of evidence Level V: evidence obtained from a cross-sectional descriptive study.
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YFAS Yale Food Addiction Scale

SNP Single nucleotide polymorphisms
ANKKI1 Ankyrin repeat domain containing 1 gene
OFC Orbitofrontal cortex

Introduction

Globally, obesity is a major public health problem in most
affluent countries [1, 2]. In Chile, the last National Health
Survey shows that 74% of adults and 40% of adolescents
are living with overweight or obesity [3]. Understanding
the cause of obesity has been a main topic and advances in
neuroscience suggest that addiction to specific foods may
partially explain the rising rates of obesity [4]. In this sense,
highly palatable foods can impact the reward circuitry in a
similar way as addictive drugs, resulting in the development
of food addiction [5, 6]. “Food addiction” is a behavioral
addiction that is characterized by compulsive consump-
tion of palatable foods, and is related to activation of the
brain reward system in animals and humans [6, 7]. Like
other addictions, the criteria for diagnosing food addiction
involves a clinically significant physical and/or psychologi-
cal dependence on high sugar, high fat, and highly palatable
foods, as well as symptoms of withdrawal upon cessation
[8]. The construct “food addiction” was first presented by
Randolph in 1956, around a period when addictive-like con-
sumption of wheat, corn, potatoes, chocolate, coffee, milk
and eggs were reported [9]. Studies have shown evidence
that food addiction and drug addiction may be similar in
craving, disinhibition and tolerance [10].

Related to food addiction is the concept of food reinforce-
ment, or how hard an organism is willing to work to obtain
palatable food. Research shows there are individual differ-
ences whereby persons with obesity show a greater preva-
lence of food addiction and who find food more reinforcing
than those without obesity [5]. There is growing attention in
defining the functions played by the food reward system in
regulating food intake, as well as the possible connections
that may exist between this system and the development of
food addiction in humans. In this sense, dopamine (DA) is
the predominant catecholamine neurotransmitter that modu-
lates the reward circuit and has been implicated in the regu-
lation of food reinforcement, eating and obesity [11]. Studies
propose that altered dopamine signaling capacity increases
risk of obesity [12], but the findings concerning the direc-
tion of signaling (i.e., hypodopaminergic vs hyperdopamin-
ergic states) have been mixed, highlighting the complexity
of these relationships and the need for further investigation
[13, 14].

The dopamine D2 receptor gene (DRD2) moderates the
reward circuitry and is located on chromosome 11 (q22-23).
The DRD2 encodes a G protein coupled receptor located in
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dopaminergic post-synaptic neurons involved in pathways
related to reinforcement and gratification [15]. The most
common genetic variant of the DRD2 gene is the rs1800497
SNP, also known as the Taql Al Allele, with the T allele
(A1/A2) representing the risk allele. This polymorphism has
been linked with habitual use of alcohol, cocaine, nicotine,
obesity and eating behavior [16—18]. However, few studies
have examined the association between this dopamine poly-
morphism, food reinforcement, food addiction, and eating
behavior in adult samples, or explored if these gene-envi-
ronment associations differ by sex or weight status. Accord-
ingly, the aims of this study were to examine the association
between Taql A1 polymorphism (rs1800497) in the dopa-
mine 2 receptor gene with eating behavior, food reinforce-
ment, food addiction, and obesity in a sample of Chilean
adult males and females. We hypothesized that carriers
of the Taql A1 (A1/A2) would exhibit unhealthier eating
behavior (higher emotional and uncontrolled eating), higher
food reinforcement, higher prevalence of food addiction and
greater adiposity compared to non-carriers (A2/A2).

Materials and methods

We conducted this study, which used a cross-sectional
design, from January 2016 to March 2017. The convenience
sample consisted of 221 adults (74% female; 18-54 years
old), 43.8% with obesity, 11.3% overweight, and 44.8% nor-
mal weight. Participants were excluded from participating
if they were participating in a weight loss program, under-
weight, not between 18 and 55 years of age, if they were tak-
ing medications that influence body weight or metabolism,
had diabetes, weight-related hepatic or renal disease, or who
had missing phenotypic data. Participants were recruited
from diverse sources in the community, including via post-
ers in university campuses, community and recreational
centres, as well as online advertising at the Universidad
San Sebastian website (http://www.uss.cl). All participants
signed informed consent and were tested in the laboratory
at San Sebastian University. This study was approved by
the Research Scientific Ethics Committee of San Sebastian
University at the institution of the principal investigator and
lead author. This protocol was conducted in accordance with
the research ethics guidelines established in the Declaration
of Helsinki.

Anthropometry

Body weight, height, and waist circumference were meas-
ured in light clothing, without shoes, using a Seca 700
weight scale with a stadiometer included (100 g and 0.5 cm
sensitivity, respectively) [19]. Body mass index (BMI)
was quantified by weight in kilograms divided by height
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in meters squared. Weight status was determined using
BMI cut-offs based on criteria defined by the world health
organization. Participants were classified as normal-weight,
overweight or obese if their BMI values were <24.9 kg/
m?,>25.0-29.9 kg/m?, or>30.0 kg/m?, respectively [20].
Waist circumference was measured using a tape (Seca 201)
placed between the lowest border of rib cage and the higher
border of iliac crest, at the end of normal expiration. Hip
circumference was measured at the widest part of the hip at
the level of the greater trochanter. All measurements were
in centimeters (cm) to the nearest decimal [21].

Body composition was assessed after an overnight fast at
9 AM using foot-to-foot bioelectrical impedance according
to the manufacturer’s guidelines with a Tanita TBF-300MA
(Tanita Corporation, Tokyo, Japan).

Eating behavior

Three validated questionnaires were used to assess eating
behavior: (1) three Factor Eating Behaviour Questionnaire:
this 18-item instrument evaluates three components of eating
behavior; cognitive restraint (CR), emotional eating (EE),
and uncontrolled eating (UE). Participants rate their degree
of agreement on each item using a 4-point likert scale.
Standardized scores for each subscale were calculated as the
average results of summing individual raw scores divided
by the number of items in each subscale [22]. In the cur-
rent study, all subscales showed moderate-to-strong internal
consistency, with Cronbach-alpha values ranging from 0.60
to 0.88 [23].

Food Reinforcement Value Questionnaire (FRVQ)

The FRVQ is a 12-item questionnaire that assesses the rela-
tive reinforcing value of food in relation to an alternative
reinforcer. In this task, we assessed participants’ motivation
to work towards obtaining either their most preferred palat-
able snack food or their highest rated healthy alternative
(fruits/vegetables). Work was defined as button presses in
this paradigm, with greater button presses reflecting greater
relative reinforcing value of food. A fixed ratio schedule
was employed on the first item, meaning participants were
required to press the button on a joystick 20 times to gain
access to either snack food or their the fruit/vegetable of
their choice. For the remaining items, the reinforcement
schedule increased by 20 button presses for access to pre-
ferred snack food to a maximum of 240 presses on item 12,
whereas the reinforcement schedule to gain access to pre-
ferred fruits/vegetables remained fixed at 20 button presses
for all 12 items. The highest number of button presses for
snack food choices represented the relative reinforcing value
of snack food and was expressed us % food choice. This

questionnaire has been validated against the gold-standard
computerized program in adults [24], and shown to predict
weight gain over time, indicating good predictive validity
[25].

24-h diet recall

Total energy intake, macronutrient consumption, fiber,
saturated, monounsaturated and polyunsaturated fatty acid
(PUFA), total n-6 PUFA, total n-3 PUFA were evaluated
on each participant using 24-h diet recalls on randomly
selected days by a staff nutritionist. Twenty-four-hour recalls
assess energy intake by considering detailed food descrip-
tions, including brand names, ingredients, methods of food
preparation, and portion sizes [26]. The 24-h recalls for each
patient were analyzed using Food Processor w/PS 10.15.

Yale Food Addiction Scale (YFAS)

This 25-item questionnaire assesses symptoms of depend-
ence on highly palatable food (i.e., high fat and/or high-
carbohydrate), and has been adapted from the substance
dependence criteria as defined by the DSM-IV criteria.
Consistent with this criteria, the YFAS requires the con-
comitant presence of clinically elevated levels of distress
for a diagnosis of food addiction. In addition, symptoms of
food addiction were also be measured continuously, with
greater scores reflecting greater proneness to food addiction.
This tool has been well validated recently in a population
of Chilean adults by Obregon and colleagues [27], after the
initial development and validation by Gearhardt et al. [28].

Collection of biologic samples

Blood samples were collected after an overnight fast by a
registered nurse using a standard vacuum system protocol,
in tubes with EDTA-K3 as an anticoagulant for molecular
analysis. For molecular analysis, blood was collected into
a 4-mL EDTA-coated tube. Plasma was separated from the
buffy coat and red blood cells after centrifugation of the
EDTA-coated tube at 3300 rpm for 10 min at room tempera-
ture. The DNA from each blood sample was extracted with
the QIAGEN QIAamp DNA blood mini kit #51104 accord-
ing to the manufacturer’s instructions [29].

Genetic analysis of ANKK1 gene (DRD2)

The Taql A1l single nucleotide polymorphism (SNP;
rs1800497; Accession Number: NP_848605.1) is located
downstream from the DRD2 gene in the ANKKI1 region
gene [30]. The genotype of the common variant Taql Al
rs1800497 (C>T) [T or Al; risk alleles] were determined
with a predesigned Tagman assay ID C___7486676_10
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(Applied Biosystems) that allows for genotype discrimina-
tion using the real-time thermocycler ABI-Stepone.

Statistical methods

Descriptive statistics were used to characterize the sam-
ple. Genotype and allele frequencies were estimated and
Hardy—Weinberg equilibrium was evaluated based on a
goodness-of-fit x 2-test. Group differences and associations
between variables of interest were evaluated using non-par-
ametric statistics (Mann—Whitney test and Kruskal-Wallis
tests), including sex-specific analyses.

Results
Anthropometric and metabolic measures

Anthropometric and metabolic measurements are listed in
Table 1. We recruited 221 adults in the whole sample (44%
normal weight; 11.9% overweight; 43% obese). As expected,
females had higher levels of total body fat in relation to
males (34.8+9.4%; 23.7+9.7%). We found higher systolic
and diastolic blood pressure in males in relation to females
(»<0.05). No sex differences were found in total cholesterol
and glucose (Table 1).

Eating behavior

In relation to eating behavior scores, we found that females
reported higher scores of the Emotional Eating scale com-
pared to males (p <0.01). Additionally, women showed
higher relative reinforcing value of snack food compared to

Table 2 Eating behavior scores and energy and nutrients intake by
sex

Female (n=165) Male (n=56) p value

Mean+SD Mean +SD

TFEQ

Cognitive restraint 23+0.6 22+0.62 04

Emotional eating 2.5+0.78 2.1+0.7  0.0001**

Uncontrolled eating 2.48+0.56 24+0.59 03
RVFQ

Food choice (%) 209245 14.1+18.8 0.05
24-h recall

Energy intake (Kcal) 1527.8+374.9 1853.8+387 0.0001%*

Protein intake (g) 58.2+17.1 79.2+23.6 0.0001%**
Carbohydrates (g) 205.1+56.5 244.2+63.0 0.0001%**
Fiber (g) 19.0+7.6 21.7+79 0.02*
Lipids (g) 52.8+20.7 62.0+21.4 0.0001%**
SAFA (g) 16.7+7.6 18.6+7.1 0.1
MUFA (g) 74+52 9.0+5.6 0.04*
PUFA (g) 3.8+3.6 44+34 03
Cholesterol (mg) 113.7+61.7 156.9+73.6 0.0001%**
w3 (mg) 0.44+0.43 0.57+0.62 0.07

W6 (mg) 2.7+3.0 29+3.0 0.6

Iron (mg) 74+4.1 8.7+4.6 0.05
Calcium (mg) 453.2+279 542.3+283 0.04*

Significant differences between female and male were analyzed with
the nonparametric Mann—Whitney test

TFEQ Three Factor Eating Questionnaire, FRVQ Food Reinforce-
ment Value Questionnaire, 24-h recall

#p<0.05; **p <0.01

men (female: 20.9 +24.5%; male 14.1 +18.8%, p=0.05) and
lower total intake of energy, protein, carbohydrates, fiber,
lipids, MUFA, cholesterol, and calcium (Table 2).

Table 1 Anthropometric and

. ‘ All female (n=165) All male (n=56) p value

metabolic measurements in Mean + SD Mean + SD

Chilean adults _ _
Age (years) 252+54 24.7+4.2 0.47
Weight (kg) 71.5+16.3 84.8+16.7 0.001%*
Height (mt) 1.6+0.05 1.73+0.05 0.001%*
BMI (kg/m?) 27.9+6.3 282+52 0.7
Waist to height ratio 0.55+0.1 0.53+£0.07 0.18
Waist circumference (cm) 88.9+16.8 92.7+13.2 0.12
Body fat mass (%) 348+94 23.7+9.7 0.001%**
Systolic blood pressure (SBP) 106+11.1 113.7+13.2 0.001%%*
Diastolic blood pressure (DBP) 71.2+10.5 76.0+10.2 0.001%*
Total cholesterol (mg/dL) 164.3+£5.0 172.3+£8.2 0.45
Glucose (mg/dL) 86.8+1.2 91.4+2.0 0.05

Data are presented as mean + standard deviations. Significant differences between female and male were
analyzed with the nonparametric Mann—Whitney test

£p<0.05; **p<0.01
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When data were analyzed by weight status, compared to
normal-weight adults, obese adults showed higher scores of
emotional eating and uncontrolled eating scales, as well as
higher intake of lipids compared to overweight (p <0.05)
Table 3.

Association between Taql A1 and food addiction

The genotype and allele frequencies for the genetic variant
of the rs1800497 was estimated. The genotype distribution
was A2/A2 (CC)=56.4%; A1/A2 (CT)=33.6%; Al/Al
(TT)=9.9%. The genotype distribution of the study sample
did not deviate significantly from the Hardy—Weinberg equi-
librium (p value =0.06) (Supplementary Table 1). Allele fre-
quencies were estimated as 73.2% for the C allele and 26.7%
for the T allele. When the whole sample was analyzed, no
significant differences were found by genotype adjusted by
sex, for anthropometric variables.

Twenty-two percent of the participants met the criteria
for food addiction. Women had higher prevalence than men
(26% and 10.7%, respectively; p=0.01). There was a higher
prevalence in obese individuals (p <0.01; Supplementary

Table 2). There was an association between the UE score
and food addiction (r=0.4; p<0.0001). In addition, a
1-unit increase in the UE scale was associated with a 19%
additional risk of diagnosis for food addiction (OR 1.19, p
value =0.004).

There was no association between the DRD2 genotype
and diagnosis of food addiction (p =ns). In the analysis of
data by carrier/non-carrier condition, there was no asso-
ciation between food addiction and carrying the risk allele

(p=ns).
Genetics and eating behavior

As shown in Table 4, carriers of the risk allele (A1/A2)
reported significantly greater relative reinforcing value of
snack food compared to non-carrriers (A1/A1) when col-
lapsed across sex and weight status. However, carriers of the
A1/A1 showed significantly lower energy intake in relation
to carriers of the A1A2 and A2A2 alleles (1418.0+296.0 vs
1643.4 +£435.1 and 1637.1 +375.4, respectively).

Tables 5 and 6 show analyses stratified by sex and weight
status for eating behavior scores calculated from the TFEQ,
RVFQ, and 24HR energy intake by carrier status of the

Table 3 Eating behavior scores

: . Normal (n=99) Over-weight (n=25) Obese (n=97) p value
by weight status in adults Mean + SD Mean + SD Mean + SD

TFEQ
Cognitive restraint 2.3+0.63 2.2+0.56 2.2+0.59 0.3
Emotional eating 2.2+0.8° 23+0.8 2.6+0.75° 0.006
Uncontrolled eating 2.3+0.6° 2.3+0.5 2.5+0.54° 0.008

RVFQ
Food choice (%) 17.4+21.2 20.0+25.7 20.8+24.7 0.73

24-h recall
Energy intake (Kcal) 1587.1+372.3 1595.6+391.3 1638.1+437.3 0.38
Protein intake (g) 60.7+17.5 67.5+26.7 65.4+22.4 0.39
Carbohydrates (g) 212.3+59.7 230.0+60.4 213.7+61.4 0.43
Fiber (g) 19.9+7.7 19.7+7.3 19.5+8.0 0.93
Lipids (g) 54.6+18.9 46.2+22.0° 58.1+22.8° 0.04
SAFA (g) 16.9+6.8 15.3+8.5 17.8+7.9 0.31
MUFA (g) 8.1+5.1 15.3+8.5 8.0+5.8 0.12
PUFA (g) 42+33 5.7+4.5 4.1+38 0.06
Cholesterol (mg) 117.1+59.9 114.4+84.4 134.9+69.0 0.1
w3 (mg) 0.5+0.45% 0.2+0.35% 0.49+0.54 0.04
W6 (mg) 2.8+28 1.57+2.2 3.0+33 0.06
Iron (mg) 8.1+4.3 8.6+5.3 7.1+3.8 0.2
Calcium (mg) 460.1+£261 583.1+344.5 464.1+£283.7 0.3

TFEQ Three Factor Eating Questionnaire, FRVQ Food Reinforcement Value Questionnaire, 24-h recall

*Significant differences were analyzed with the nonparametric Kruskal-Wallis test

“Significant difference between normal and overweight

bSignificant differences between normal and obese

“Significant differences between overweight and obese
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Table 4 Eating behavior scores

by DRD2 gonatype A2A2 (n=119) AlA2 (n=T71) AlAl (n=21) p value
Mean +SD Mean +SD Mean +SD

TFEQ
Cognitive restraint 2.2+0.56 22+0.6 2.4+0.77 0.39
Emotional eating 23+0.74 2.5+0.88 2.4+0.79 0.2
Uncontrolled eating 2.4+0.56 2.4+0.59 2.3+0.63 0.88

RVFQ
Food choice (%) 17.3+21.4° 22.8+23.8*¢ 13.8+23.6° 0.01

24-h recall
Energy intake (Kcal) 1637.1+375.4° 1643.4+435.1° 1418.0 +296.0>¢ 0.03
Protein intake (g) 65.2+19.0 64.0+£24.3 54.6+£17.5 0.07
Carbohydrates (g) 217.0+60.3 219.2+62.2 195.2+41.6 0.2
Fiber (g) 19.2+7.5 21.2+£8.5 17.5+5.8 0.14
Lipids (g) 56.4+20.1 56.5+£22.8 47.0+19.6 0.17
SAFA (g) 17.7£7.6 17.3+£7.7 143+6.2 0.16
MUFA (g) 82+5.2 7.8+59 6.3+4.3 0.2
PUFA (g) 44+3.7 39+32 32433 0.36
Cholesterol (mg) 129.9+68.6 123.5+68.8 107.9+59.5 0.54
w3 (mg) 0.51+£0.49 0.48£0.51 0.38+£0.5 0.24
W6 (mg) 3.1+33 277+£2.6 2.0+29 0.19
Iron (mg) 7.9+4.2 8.0+4.2 6.7+4.6 0.39
Calcium (mg) 374.4+331 465.9+291 474.4+331.7 0.81

TFEQ Three Factor Eating Questionnaire, FRVQ Food Reinforcement Value Questionnaire, 24-h recall

*Significant differences were analyzed with the nonparametric Kruskal-Wallis test
Significant difference between A2A2 and A1A2

bSignificant differences between A2A2 and A1A1

“Significant differences between A1A2 and A1A1

alternative allele. In the sex-specific analysis, we observed
that obese female A1 carriers, showed higher scores com-
pared to non-carriers on the Emotional Eating subscale and
on snack food reinforcement Questionnaire (p <0.05). In
addition, they exhibit significantly lower protein and w3
fatty acids intake. Normal weight male A2 carriers showed
lower cholesterol intake and obese carriers showed higher
protein intake in relation to non-carriers (p <0.05).

Discussion

Monozygotic (MZ) and dizygotic (DZ) twins studies have
recognized a strong genetic influence in obesity and anthro-
pometric measurements [31], rate of consumption [32],
macronutrient preference [33], eating attitudes [34], fre-
quency of eating, and many eating behavior traits such as
satiety response, responsiveness and enjoyment of food [35].
Knowing the strong genetic contribution in eating behavior,
combined with research in adults showing that dopamine
signaling is associated with increased food reinforcement,
energy intake and obesity [36], we evaluated the influence
of the Taql Al polymorphism on eating behavior, food
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reinforcement and food addiction in Chilean adults to fill
an important research gap. In relation to genetic variants in
the dopamine pathway, there is a lack of studies that have
focused on the effects of Taql Al genetic variant (ANKK1/
DRD2) on food addiction and the current study provides the
first evidence in a South America population.

Our study did not find an association between Taql Al
risk allele and food addiction, either in the overall sam-
ple, or when stratified by sex and weight status. Although
no other study has examined this allele in relation to food
addiction, Yeh et al. found differences in food cravings of
carbohydrates and fast food assessed with the Food Craving
Inventory between the Al and A2 carriers among female
Asian college students. They also showed there was a dif-
ference between carriers and non-carriers of these alleles
on a measure of appetite drive to consume highly palatable
foods from Power of Food questionnaire [37]. Given food
addiction is prevalent in obese samples and believed to con-
tribute to overconsumption of food and subsequent weight
gain, future research with larger samples is needed to better
understand the relationship between dopamine signaling and
food addiction.
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Table 5 Eating behavior scores by DRD2 genotype (carriers vs non-carriers) in female by nutritional status
Normal weight p Over-weight p Obese p
A2A2 (n=42) Al carrier A2A2 (n=8) Al carrier A2A2 (n=35) Al carrier
Mean+SD (n=35) Mean + SD (n=7) Mean + SD (n=29)
Mean +SD Mean+SD Mean+SD
TFEQ
Cognitive 2.28+0.63 2.55+0.64 0.05 2.3+0.49 2.0+0.56 0.63 2.2+0.48 2.1+0.68 0.22
restraint
Emotional 242+0.7 2.36£0.87 0.6 221+0.8 2.8+0.72 0.1 2.5+0.81 3.0+0.64 0.01
eating
Uncontrolled 2.5+0.55 2.2+0.58 0.07 2.3+0.59 2.44+0.54 0.56 2.49+0.55 2.69+0.54 0.1
eating
RVFQ
Food choice 16.8+18.6 21.1+239 0.4 3434349 16.6+16.6 026 152+20.6 28.1£27.7 0.02
(%)
24-h recall
Energy intake ~ 1516.9+281.0 1505+372.0 09 1422.0+351.0 1489.8+326.7 0.72 1663+412 1506 +435.6 0.11
(Kcal)
Protein intake 59.1+15.0 52.8+14.2 0.07 622+159 539+11.8 048 66.6+19.6 55.0+19.6 0.02
(9]
Carbohydrates 204.0+544 204.2+53.1 097 206.9+66 223.2+59.4 0.64 210.5+59.1 200.7+54.3 0.4
(€
Fiber (g) 17.9+6.45 20.5+7.6 0.06 15.9+3.98 18.7+8.8 035 189+8.6 20.6+8.7 0.68
Lipids (g) 51.4+16.6 52.8+19.1 0.86 40.6+17.5 4344259 0.9 60.9+21.1 54.1+254 0.35
SAFA (g) 16.5+6.6 16.2+6.8 0.64 13.8+9.1 14.4+9.7 0.7 19.3+8.5 16.5+8.1 0.3
MUFA (g) 8.0+4.6 6.9+5.3 0.16 57+5.0 3.6+3.3 0.56 9.36+6.3 7.0+4.6 0.17
PUFA (g) 43+35 3.6+29 0.52 3.1+3.1 1.48+2.8 0.24 5.0+4.5 35+32 0.25
Cholesterol 120.2+63.4 95.1+46.1 0.13 94.6+58.2 96.5+49.0 0.64 139.0+68.6 112.4+68.0 0.12
(mg)
Omega 3 (mg) 0.47+0.41 0.44+0.39 0.7 0.34+0.37 0.27+0.44 0.41 0.6+0.53 0.37+0.39 0.04
Omega 6 2.98+3.0 25+2.1 0.78 1.63+2.7 1.1+2.46 048 3.79+39 25+29 0.1

TFEQ Three Factor Eating Questionnaire, FRVQ Food Reinforcement Value Questionnaire, 24-h recall

*Significant differences were analyzed with the nonparametric Mann—Whitney test

Our study documents some important gene-enviroment
relationships as they relate to eating behavior. When the
complete sample was analyzed, carriers of the risk allele
(A1/A2) reported greater snack food reinforcement and
lower energy intake than non-carriers. Moreover, when we
stratified by carrier status and sex, in females we observed
that A1 carriers with obesity had higher scores on Emo-
tional Eating and snack food reinforcement. The emotional
eating traits captures the failure to control food intake in
a context of experiencing negative emotions and snack
food reinforcement is a quantitative measure reflecting
how hard someone is motivated to work to gain access to
snack food in relation to a healthier food alternative [38].
These results are consistent with some findings from stud-
ies performed in American adults. Specifically, Epstein
et al. [36] showed that food reinforcement was greater
in obese than in non-obese individuals, and these differ-
ences were especially prominent in obese carriers of the
Taql Al allele. Additionally, those participants with high

levels of food reinforcement that were carriers of the risk
allele (A1/A1-A1/A2) had higher energy intake in an ad-
libitum feeding situation. Additionally, Felsted et al. com-
bined genetic and neuroimaging techniques in adults [39].
Using magnetic resonance imaging, they evaluated neural
responses after intake of a palatable milkshake in carriers
and non-carriers of the Taql A1 allele. They observed an
interaction between genotype and stimuli in the midbrain,
thalamus, and OFC, where Taql A1 carriers showed a
diminished neural response to a milkshake compared to
a tasteless solution, consistent with the dopamine reward
deficiency syndrome. Relatedly, given the evidence that
alcohol and sucrose stimulate the same reward pathway
(dopaminergic system), Jablonski et al. examined the influ-
ence of the Taql Al allele on the preference of increasing
sucrose concentration in men with alcohol dependence.
They found an association between the presence of the risk
allele of the Taql A1l and sucrose preference. More spe-
cifically, the A1/A2 risk allele was found more frequently

@ Springer



222

Eating and Weight Disorders - Studies on Anorexia, Bulimia and Obesity (2022) 27:215-224

Table 6 Eating behavior scores by DRD2 genotype (Carriers vs non-carriers) in male by nutritional status

Normal weight p Over-weight )4 Obese )4
A2A2 (n=12) Al carrier (n=38) A2A2 (n=7) Al carrier (n=3) A2A2 (n=15) Al carrier
Mean +SD Mean +SD Mean +SD Mean +SD Mean +SD (n=10)
Mean +SD
TFEQ
Cognitive 2.0+0.52 2.2+0.67 0.39 2.4+0.69 1.8+0.4 0.13 2.1+0.5 2.4+0.79 0.3
restraint
Emotional 1.75+0.64 1.92+0.83 0.72 2.2+0.87 1.78 +£0.69 0.41 2.3+0.41 2.37+0.95 0.77
eating
Uncontrolled 2.36+0.69 2.2+0.75 0.78 2.49+0.5 2.15+0.45 0.25 2.5+0.52 2.5+0.56 0.97
eating
RVFQ
Food choice 8.3+8.7 8.33+10.9 0.87 14.2+219 2.78 +4.81 0.52 23.3+25.6 16.6+16.2 0.6
(%)
24-h recall
Energy intake 1979+329 1813.8 £449 04 1777.4+3479 1879.6+570.9 0.73 1688.0+400.8 1950.2+265 0.09
(Kcal)
Protein intake 74.4+17.5 84.6+13.3 0.07 78.4+39.3 87.7+28.4 0.9 67.2+12.3 93.1+28.2 0.01
(@
Carbohydrates  271.2+55.4 215.7+79.2 0.12  251.8+51.3 261.4+68.6 0.7 214.8+63.3 262.3+50.4 0.08
®
Fiber (g) 26.0+8.1 19.3+10.6 0.07 229+7.2 25.0+8.4 0.56 18.2+5.7 20.7+5.8 0.43
Lipids (g) 67.3+18.4 63.1+24.4 0.75 51.4+239 552+25.5 0.56 61.5+20.8 60.5+19.4 0.69
SAFA (g) 19.2+6.6 19.9+8.4 0.64 17.2+8.17 17.1+8.4 0.9 18.5+7.6 16.8+6.0 0.43
MUFA (g) 9.8+4.3 11.4+6.52 0.87 6.6+4.1 8.59+6.2 0.56 72+4.6 99+738 0.5
PUFA (g) 45+28 6.58+4.6 0.39 3.1+23 29+0.72 0.9 44+4.0 4.0+29 0.86
Cholesterol 122.0+41.7 198.2+57.4 0.01 119.4+107.8 197.5+136.1 0.3 165.9+75.3 159.2+48.1 0.95
(mg)
Omega 3 0.55+0.59 1.0+0.56 0.07 0.34+0.37 0.13+0.09 0.73 0.57+0.61 0.6+0.87 0.97
Omega 6 244427 4.6+4.1 0.16 22+19 0.93+0.74 0.4 3.5+35 2.69+2.7 0.73
Iron (mg/dL) 8.8+3.1 8.9+4.7 0.9 104+6.8 15.1+5.0 0.2 6.9+3.0 7.9+4.78 0.88
Calcium (mg/ 522.1+292 564.1+2189 0.75 668.9+457.8 608.4+278.6 0.73 491.5+215 517743172  0.86

dL)

TFEQ Three Factor Eating Questionnaire, FRVQ Food Reinforcement Value Questionnaire, 24-h recall

*Significant differences were analyzed with the nonparametric Mann—Whitney test

in sweet likers compared to sweet dislikers [40]. Further-
more, Stice et al. showed that a lower caudate response
predicted body fat gain in adolescents carrying Taql Al
allele (less dopamine signaling) [41]. All these results
show that Taql A1 carriers may have a blunted response
to reward and therefore may show a compensatory stronger
drive to ingest palatable foods. This is consistent with the
known relation between reduced DRD?2 receptor density
and Taql A1 carriers, and with a study that found reduced
brain volume in the sustancia nigra, which contain dopa-
mine cell bodies, in carriers of the Taql Al allele [42]. It
has been established that obese individuals have a reduced
number of dopamine receptors in the stratium region
compared to normal weight subjects, and that higher food
intake could be a way to balance the hypodopaminergic
state, thus promoting obesity development [41, 43]. In
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contrast, recent findings show that elevated reward activa-
tion in response to food cues predicted future body fat gain
in adolescent carriers of the A2/A2 allele and lower reward
activation predicted body fat gain for those with A1/A1
allele, establishing that too much or too little dopamine
signaling and reward region responsivity may increase risk
for overeating and obesity [44].

This study has many strengths and limitations that war-
rant mention. It is possible that some of our null findings
regarding the relationship between Taql Al dopamine
alleles and food addiction and eating behavior were due to
limited sample size, most notably considering the smaller
than expected number of adults with the diagnosis. In addi-
tion, this lack of association could be explained by the fact
that there is some evidence indicating that individual poly-
morphic loci normally contribute only a small proportion
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of phenotypic variance and that their independent effects
typically do not reach statistical significance. A quantitative
genetic approach comprised of multiple DA SNP to form
a a multilocus genetic risk profile may be more predictive
of eating behavior and obesity. Also, it is possible that the
effects of dopamine genes may not be fully expressed on
certain eating behavior traits such us food addiction, thus
future research is needed. In our study the results of the
24-h dietary recall were not consistent with the participants’
BMI status, but these findings could be due to the well-
documented recall bias due to the reliance on respondents’
memory of energy intake. We tried to minimize this bias
using a well-trained dietitian to conduct the food recall inter-
views over randomly selected days as suggested to obtain
valid measures of free-living energy intake, but this bias
cannot be eliminated.

Also the sample obtained was based on convenience so
results cannot be generalized to all Chilean adults.

These methodological limitations are balanced by several
strengths, including the current study representing the first to
examine the relationship between dopamine genes and food
addiction in Chilean population. Additionally, we used four
tools (TFEQ, FRVQ, YAFS and 24HR) which assessed a
broad scope of eating behavior traits, all of which have been
shown to possess strong validity and reliability [24, 27, 45].

In conclusion, although we did not find associations with
food addiction by dopamine genotype in the whole sam-
ple, when data were stratified by sex and weight status, our
results show that the Taql Al allele may play an important
role on some eating behavior traits such emotional overeat-
ing, food reinforcement, and energy intake, and that women
with obesity who are carriers may be at greater risk. These
findings could be applied in the understanding of how Taql
A1 genetic variant interact with food addiction and nutri-
tional status in adults. These results could help the clinical
community in the understanding of a possible predisposition
to food addiction and obesity.

Future research using both cross-sectional and prospec-
tive designs are needed to replicate and extend these findings
to determine if these relationships are maintained or become
stronger over time to better identify adults at highest risk
of obesity, information that will inform obesity prevention
strategies.

What is already known on this subject?
The rs1800497 variant has been associated with eating

behavior, lower DRD2 density, higher weight, food rein-
forcement, but the relation to food addiction remain unclear.

What this study adds?

Our study does not support a relation between rs1800497
and food addiction, but support that female A—carriers
show higher scores of emotional eating and snack food
reinforcement.
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