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A meta-analysis of the relationship between brain dopamine
receptors and obesity: a matter of changes in behavior rather

than food addiction?

D Benton and HA Young

Addiction to a wide range of substances of abuse has been suggested to reflect a ‘Reward Deficiency Syndrome’. That is, drugs
are said to stimulate the reward mechanisms so intensely that, to compensate, the population of dopamine D, receptors (DD2R)
declines. The result is that an increased intake is necessary to experience the same degree of reward. Without an additional intake,
cravings and withdrawal symptoms result. A suggestion is that food addiction, in a similar manner to drugs of abuse, decrease
DD2R. The role of DD2R in obesity was therefore examined by examining the association between body mass index (BMI) and the
Taq1A polymorphism, as the A1 allele is associated with a 30-40% lower number of DD2R, and is a risk factor for drug addiction. If a
lower density of DD2R is indicative of physical addiction, it was argued that if food addiction occurs, those with the A1 allele should
have a higher BMI. A systematic review found 33 studies that compared the BMI of those who did and did not have the A1 allele.
A meta-analysis of the studies compared those with (A1/A1 and A1/A2) or without (A2/A2) the A1 allele; no difference in BMI was
found (standardized mean difference 0.004 (s.e. 0.021), variance 0.000, Z=0.196, P < 0.845). It was concluded that there was no
support for a reward deficiency theory of food addiction. In contrast, there are several reports that those with the A1 allele are less
able to benefit from an intervention that aimed to reduce weight, possibly a reflection of increased impulsivity.
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INTRODUCTION

The term food addiction is widely and increasingly used when
considering the increase in the incidence of obesity.' In part at
least, this reflects the use of the term in different ways. Analogous
to drugs of abuse it has been suggested that certain foods, or
certain ingredients, can hijack the functioning of the brain.
Alternatively, the term is used in the sense of psychological
dependence, perhaps a reflection of a personality that is unable to
deal psychologically with the continuous opportunities to eat that
are offered by western societies.

Addiction to many drugs of abuse is characterized by
a decreased population of dopamine D, receptors (DD2R) in the
striatum, a phenomenon that has usually been interpreted as
evidence of decreased dopaminergic activity, although it is not
necessarily the case that activity is downregulated. The Taq1A
polymorphism (rs1800497) is associated with differences in the
number of DDR2 receptors, with those with the A1 allele having a
lower density of DDR2 receptors, a risk factor for various physical
addictions.>™ Hence, if obesity reflects an addiction, there should
be a homologous mechanism in those who are overweight.
A systematic review is therefore presented of the association
between obesity and TaqlA (rs1800497). Although there are
several widely quoted reports that the A1 allele is associated with
obesity,®” the literature has not, to date, been subject to
systematic examination. It was found that a lower population of
DD2R does not itself necessarily result in a higher body mass index
(BMI). However, in those already obese, it is possible that carrying
the A1 allele may be a risk factor for putting on more weight,
probably for psychological reasons.

A seminal paper played an important role in developing the
suggestion that there is a parallel between obesity and the
brain’s response to drugs of abuse® There is considerable
agreement that addiction to opiates,® alcohol,'® nicotine,"
cocaine’? and methamphetamine'® are all associated with a
decreased number of DD2R in the striatum. Thus, the finding of
Wang et al.® that in a group with an average BMI of 51.2 kg m ™2,
those with fewer DD2R were more obese, suggested a homology
with those addicted to drugs of abuse. This led to the theory that
an insensitive reward system generates the need to overeat and
in this way increases the release of dopamine.'* A Reward
Deficiency Syndrome, a reflection of a low density of DD2R, has
been proposed to underlie many types of addiction, including
overeating.'® The suggestion is that the consumption of highly
palatable food substances stimulates the reward mechanisms
of the brain so intensely that, to compensate, the population
of DD2R is reduced. The supposed consequence is that the brain
now requires a greater degree of stimulation to experience the
same degree of reward; that is, additional food needs to be eaten
to avoid food cravings and withdrawal symptoms.

This theory that the density of DD2R receptors plays a critical
role in addiction can be tested by considering Taq1A. Those with
the A1 variant (A1/A1 or A1/A2) have a 30-40% lower density of
DD2R.'®"'8 In other areas of study a consideration of the A1 allele
has supported the suggested role of DD2R receptors in addiction:
the A1 allele has been found to be associated with an increased
risk of alcoholism,? opioid dependence,® responding to cocaine®
and smoking.®> Such data led naturally to the prediction that
if obesity reflects physical addiction, then a low level of DD2R
receptors, and hence those carrying the A1 allele, should be at risk
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of putting on weight. A systematic review is presented of the
association between the A1 alleles and BMI to establish the role,
in obesity, of differences in the population of DD2R.

MATERIALS AND METHODS

Searches for studies were made both electronically and by
following up references quoted in relevant papers. The following
databases were searched for studies published in English up to 31
May 2015: PubMed, Web of Knowledge and Google Scholar. The
search terms, used as inclusion criteria, were Taq1A, rs1800497,
BMI, body weight and obesity. After the initial collection of studies,
duplicates were removed and human studies that related Taq1A
alleles to BMI, or compared these alleles in groups differing in BMI,
were retained. Those of different ages and different ranges of BMI
were distinguished to establish whether any effect depended on
these parameters. The selection of search terms reflected a precise
and focused objective and an interest in a single outcome
measure. The progress of the search is outlined in Figure 1. The
abstracts of the studies initially identified were examined for
duplicates. The abstracts were filtered for those that potentially
met the inclusion criteria. The full article of those that remained
was then read to establish whether they met the inclusion criteria.
Where the reported data allowed it, the BMI of those with the
various alleles are listed. When those who were obese were
compared with a control group of lesser weight, the frequency
of the various alleles in these two groups was reported.
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Meta-analyses were calculated using the Comprehensive Meta-
analysis statistical package (Biostat, Englewood, NJ, USA). A random-
effect model rather than fixed-effect model was used in these
analyses, as it was not justified to assume that there was only one
true effect size. That is, the effect may differ with age or BML. In
addition, those addicted to other substances, or those with morbid
obesity, may potentially represent different samples.

RESULTS

In total, 33 studies were found that related TaqlA to BMl.
For clarity the studies have been grouped into those dealing with
children and adolescents: adults with an acceptable BMI or who
were overweight; those who were obese with a BMI between 30
and 40 kg m~2; and those with a BMI >40 kg m ™2, Distinguishing
studies in this way allowed the influence of the density of
dopamine receptors to be examined at different stages of life and
in groups of increasing BML. It has been suggested that DDR2 may
play a particular role in those morbidly obese.

Table 1 lists studies of children and adolescents. The pattern
was completely consistent. No study reported that the BMI of
those with or without the A1 allele differed.'®>* Similarly, the
percentage of those with and without the A1 allele did not differ
in groups created because they were or were not obese.?>2>%’
The study of Hardman et al.>> was particularly instructive as it was
a prospective study with a large sample, chosen to be representa-
tive of the general population. Pregnant women were recruited and
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Figure 1.
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Table 1. The association between the alleles of Tag1A and obesity in children and adolescents
Sample Age N BMI BMI BMI % % %
A1/A1 A1/A2 A2/A2 A1/AT A1/A2 A2/A2
Stice et al.’?? Adolescent girls 15.7 Years 27 22.0 24.9
NS
Ergun et al.?° Control BMI Children age 49 BMI (no detail) 44% 933% 2.3%
Obese BMI NA 45 NS 6.2% 93.8% 0%
(above 95th percentile) NS
Epstein et al.% Children >85th percentile 10.3 Years 26 NA 38.5% 61.5%
Stice et al?'® Adolescent girls 15.6 Years 32 233 24.8
NS
Duran-Gonzalez et al?> Mexican Americans 16 Years 181 NA 34% 66%
< 85th - nonobese 106 42% 58%
>95th percentile weight - obese NS
Araz et al.*® Obese BMI >30 11.2 Years 100 NA 4.0% 31.0% 65.0%
Nonobese children 100 7.0% 26.0% 67.0%
NS
Roth et al.*? Obese children 12 Years 451 26.5 27.2 27.5 26% 27.6% 69.8%
NS
Aksyonova et al.”’ Normal weight 4-17 Years 164 NA 7.3% 27.4% 65.2%
Obese BMI >30 4-17 Years 70 8.6% 24.3% 67.1%
Hardman et al.% Representative samples 11 Years 3720 18.9 19.0 19.0 4.0% 31.6% 64.4%
of population NS
Yokum et al.** Adolescent girls 15.2 Years 17 Average BMI 26.9
153 Years 162 Average BMI 20.8

No details but BMI did not differ depending
on allele

calculated from data points included in figures.

Abbreviations: BMI, body mass index (in kg m~2); NA, not available; NS, non-significant. “These BMI values are not presented in the paper but have been

their children followed up for 11 years. The BMI and waist
circumference of the resulting children did not differ at ages 7, 8,
9, 10 and 11 years, depending on Taq1A. Similarly, the mothers
weight when assessed before pregnancy, and again after 7, 8, 9 and
11 years, was never related to the genetic makeup.

Data associated with adults with a healthy BMI, or who were
overweight, are found in Table 2. The vast majority of studies
again found that the BMI of those with and without the A1 allele
did not differ.'9?272428=3% | contrast to these 11 studies, there was
only one report that the A1 allele was associated with a higher
BMI>> A concern with this single positive finding was that the
sample considered smokers, a group likely to have a higher
incidence of the A1 allele®> With the case-control approach the
findings of the incidence of A1 allele in groups who either were
or were not obese were equivocal. Although some found that the
incidence of the A1 allele differed in those who had been selected
for their heavier weight,?®2°3% others did not.3>37-3°

Data related to those who were obese can be found in Table 3.
Again, almost universally those who compared the obese with
controls of healthy weight reported that the BMI of those with
and without the A1 allele did not differ.”*°™** Davis et al.** did,
however, find a higher incidence of the A1 allele in a sample of the
obese as compared with those with binge eating disorder,
although both samples were of similar weight (BMI 38.7 and
38.6 kg m ™). There was only one study that found the incidence
of A1 to be higher in the obese.” Various questions arise because,
of the 33 studies in this review, it was the only one that reports
a group where 100% had the A2/A2 allele, a reflection of extreme
inclusion criteria that made the control group unrepresentative
of the general population. In addition, a majority of the obese
sample had a history of drug abuse that itself was reported to be
associated with a higher incidence of the A1 allele.”

Finally, as some have proposed that DD2R may play a particular
role in the development of extreme obesity, data associated with
those with a BMI >40kgm~2 were collated (Table 4). When
considering the relationship between the various alleles and BMI,
the data were equivocal. Although one study reported a higher
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incidence of the A1 allele in the morbidly obese® most did
not.32'38'39’45

Figure 2 presents a meta-analysis of the studies, where the BMI
was available, of those with (A1/A1 and A1/A2) or without (A2/A2)
the A1 allele. There was virtually no difference in BMI depending
on the presence of the allele (standardized mean difference 0.004
(s.e. 0.021), variance 0.000, Z=0.196, P < 0.845). As one study” had a
sample size larger than the other studies put together, an analysis
was calculated with that study removed to ensure that the finding
was representative of the entire group of studies. However,
the finding was very similar (standardized mean difference 0.004
(s.e. 0.044), variance 0.002, Z=0.102, P < 0.919). When those with
a BMI >30 kg m~2 were considered,?%42434647 3gain the A1 allele
was not associated with BMI (standardized mean difference 0.035
(s.e. 0.085), variance 0.007, lower to higher limit 0.007-0.137,
Z=0.405, P<0.686). Similarly, the allele was not associated with
BMI if those with a BMI >40 kg m~2 e 324647) \ere selectively
examined (standardized mean difference 0.068 (s.e. 0.124), variance
0.015, lower to higher limit —0.175 to 0.310, Z=0.545, P < 0.586).

Another way of considering the data was to compare the
frequency of the A1 allele in a group of obese as compared with
a group with a BMI < 25 kg m™~2 There were 10 studies that had
presented such data. Of these 10 studies, 9 were used for the
analysis. The study of Blum et al” was excluded because the
distribution of the alleles of Tag1A was unlike any other study
(Table 3): whereas other studies found at least 50% of cases had
at least one A1 allele, the study of Blum et al” used extreme
inclusion criteria and had no incidence of the A1 allele. As such,
these data could not be creditably generalized to any normal
population. Figure 3 reports a meta-analysis of the frequency that
the A1 allele was found in samples of those with a BMI
<25kgm™2 as compared with those who were obese. Overall,
there was a greater chance of having the A1 allele if in the
obese group (Z=2.005, P < 0.045, odds ratio (OR)=1.446, 95%
confidence interval (Cl) 1.008-2.073). However, when the three
studies of children and adolescents were considered alone, there
was no significant difference and the overall OR trended toward a
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Table 2. The association between alleles of Taq1A and the weight of adults with a BMI in the healthy range and who are overweight
Sample Age N BMI BMmI BMI % % %
Al/A1 Al/A2 A2/A2 Al/AT Al/A2 A2/A2
Spitz et al.?® Control 62 Years 139 275 26.1 31.2% 68.8%
Obese BMI >30 64 Years 37 NS 58.3% 41.7%
Matched to cancer patients P < 0.002
in another study
Thomas et al.” Male BMI < 27 42 Years 383 NA 20.7% 50.0% 29.3%
Female BMI < 25 20.6% 52.7% 26.7%
Not obese Obese NS
(BMI higher than 27 or 25)
Thomas et al.*® (BMI males < 27, females BMI < 25) 44.1 Years 506 25.0 24.8 24.6 19.3% 48.8% 31.9%
Not obese 50.0 Years 484 NS 21.6% 54.9% 23.4%
Obese (BMI higher than 27 or 25) P <0.03
Southon et al.3® Women 54.3 Years NA 0% 65% 35%
Leaner BMI 22.5 55.6 Years 0% 40% 60%
Heavier BMI 36.1 NS
Epstein et al.*° Smokers 43.5 Years 88 26.7 275 3.4% 432%  53.4%
NS
Fang et al.>’ Normotensive 38.1 Years 141 25.6 25.1 25.5 17.9% 49.6% 32.4%
Hypertensive 41.7 Years 133 NS
Morton et al.>® Nonsmokers 55-74 Years 442  Odds ratio BMI >30 1.00 4.4% 29.6% 65.9%
Former smokers 1.28 1.40 P <0.02
Current smokers
If BMI >30
Nisoli et al.>? Control BMI 23.7 31.2 Years 54 23.6 23.8 1.9% 24.4% 73.7%
Obese BMI 42.7 46.9 Years 71 42.1 43.1 8.4% 26.8% 64.8%
NS NS
Epstein et a3 Smokers 23.4 Years 45 26.3 29.0
Nonobese BMI < 30 29.3 Years 29 NS
Obese BMI >30
Davis et al.*® Control BMI 22.4 33.5 Years 59 NA 1.7% 322%  66.1%
Obese BMI 39.1 36.3 Years 51 5.9% 43.1% 51.0%
NS
Stice et al.'® ® Females BMI 28.6 20.4 Years 43 285 27.9 25.6% 74.4%
NS
Epstein et al.*® BMI >30 42 Years 26 NA 42.3% 57.7%
Chen et al.*® Controls BMI 21.9 36.5 Years 105 NA 33.4% 66.6%
Obese/overweight 42.3 Years 122 67.0% 33.0%
BMI 29.3 P < 0.001
Roth et al.? Lean adults 25 Years 583 18.2 19.1 19.2 2.6% 27.6%  69.8%
NS
Athanasoulia et al>*  Patients with prolactinomas 53.1 Years 44 26.6 259 6.8% 40.9% 52.3%
NS
Hardman et al.® Representative sample Age 2513 24.7 25.0 24.8 3.7% 304%  65.8%
of mothers NA NS
Yokum et al.** Females 20.9 Years 34 Average BMI 28.2
No details but BMI did
not differ with allele
Abbreviations: BMI, body mass index (in kg m~2); NA, not available; NS, non-significant. “These BMI values are not presented in the paper but have been
calculated from data points included in figures.

higher frequency of the A1 allele in those who were not obese
(Z=-0.331, P < 0.741, OR=0.890, 95% Cl 0.446-1.775). Similarly,
a consideration of the 6 studies of adults just failed to
demonstrate an overall difference in the incidence of the A1
allele (Z=1.789, P<0.070, OR=1.632, 95% Cl 0.954-2.790).
An important aspect of the overall data set is that any significance
relied greatly on the study of Chen et al.>® that had an OR of 4.1.
Although a study should not be removed in this type of analysis, it
may be relevant that the other eight resulted in a nonsignificant
finding (Z=1.644, P<0.100, OR=1.275, 95% Cl 0.954-1.644).
Finally, the possibility was considered that the A1 allele was
specifically associated with those who were morbidly obese. Three
studies were therefore analyzed with an average BMI in the range
of 38-40 kg m 232394 No significant association was found, with
the trend being slightly in the direction opposite to that predicted
by the reward deficiency hypothesis (Z=-0.170, P < 0.865,
OR=0.938, 95% Cl 0.447-1.966).

DISCUSSION

To a large extent the suggestion that food can be addictive has
relied on data generated using various brain imaging techniques.

© 2016 Macmillan Publishers Limited

Given that many of those carrying out these studies have
a background in the study of drugs of abuse, they have naturally
used addiction as an explanation of their findings. Such data,
however, need to be put into context. It is received wisdom that
drugs of abuse act by hijacking the sites that mediate natural
rewards, such as food or sex, sites that are mediated by
dopaminergic mechanisms. Hence, any demonstration that an
interest in food influences dopaminergic activity cannot necessa-
rily be taken as evidence of addiction, rather it needs to be
demonstrated that a response is abnormal.

A concern is that although dopamine has a well-described role
in reward mechanisms, it also influences other aspects of behavior
that could potentially contribute to weight gain. It is incumbent
on those proposing addiction as a mechanism to exclude
alternative explanations. It is argued below that any lower density
of dopamine receptors in the obese is better explained as
producing differences in personality, rather than as an indication
of physical addiction. The 33 studies that had related Taq1A to BMI
produced remarkably consistent findings. In children and adoles-
cents, there was no association between the presence of the Al
allele and BMI (Table 1). In those with a BMI between 30 and
40 kg m ™2 (Table 3), it did not differ depending on the A1 allele.
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Table 3. The relationship between the Taq1A alleles in those with a BMI between 30 and 40 kg m ™2
Sample Age N BMI BMI BMI % % %
Al1/A1 Al1/A2 A2/A2 Al1/A1 Al1/A2 A2/A2
Noble et al.*® Obese BMI >28 37.2 Years 73 375 34.8 349 37.5% 34.8% 34.9%
NS
Blum et al.” Control BMI 21.0 43.1 Years 20 33.1 323 29.0 0% 0% 100%
Obese/ 23 with and 17 43.9 Years 40 NS 10% 42.5% 47.5%
without drug abuse BMI 32.5 P < 0.001
Jenkinson et al.*' Diabetic Pima Indians 35 Years 1259 354 35.2 344 14.1% 46.7% 39.2%
NS
Southon et al.® Nauruan men
Leaner BMI 36.1 41.9 Years 27% 47% 27%
Heavier BMI 52.8 42.8 Years 40% 30% 30%
Nauruan women NA NS
Leaner BMI 34.8 40.2 Years 16% 42% 42%
Heavier BMI 55.1 40.2 Years 13% 50% 38%
NS
Barnard et al.*? Type 2 diabetics
Black 51 Years 44 38.7 36.1 54.5% 45.5%
White 59 Years 49 NS 333 47.0% 53.0%
325
NS
Davis et al.** Obese BMI 38.7 35.6 Years 151 NA 45% 55%
Binge eating disorder BMI 38.6 34.8 Years 79 30% 70%
P<0.02
Cameron et al.*? Female BMI >27 57.1 Years 127 329 33.1 52% 48%
NS
Abbreviations: BMI, body mass index (in kg m~2); NA, not available; NS, non-significant.
Table 4. Taq1A and having a binge eating disorder or a BMI >40 kg m ™2
Sample Age N BMI BMI BMI % % %
Al/A1 Al1/A2 A2/A2 Al1/A1 Al1/A2 A2/A2
Comings et al.® Tourette/ADHD NA 387 NA Percentage A1 with
clinic 487 increasing BMI:
Being treated for addiction < 25, 54.8%
Hospital controls 30, 57.4%
Obese >100 Ib overweight 35, 69.8%
40, 58.3%
>40, 87.5%
P < 0.006
Southon et al.® Nauruan men 70 in total NA 27% 47% 27%
Leaner BMI 36.1 41.9 Years NA 40% 30% 30%
Heavier BMI 52.8 42.8 Years NS
Nauruan women 16% 42% 42%
Leaner BMI 34.8 40.2 Years 13% 50% 38%
Heavier BMI 55.1 40.2 Years NS
Nisoli et al.>? Control BMI 23.7 31.2 Years 54 236 23.8 1.9% 24.4% 73.7%
Obese BMI 42.7 46.9 Years 71 421 43.1 8.4% 26.8% 64.8%
NS NS
Davis et al.*® Control BMI 22.4 33.5 Years 59 NA 1.7% 32.2% 66.1%
Obese controls BMI 39.1 36.3 Years 51 5.9% 43.1% 51.0%
Binge eating disorder 34.8 Years 56 3.6% 30.4% 66.0%
BMI 34.7 NS
Davis et al.”® Obese BMI =39.2 37 Years 70 NA 7.6% 43.9% 48.5%
Binge eating disorder 34.7 Years 66 3.1% 29.2% 67.7%
BMI-36.6 P < 0.001
Winkler et al.*® Extremely obese 46.1 Years 135 40.2 426 415 1.4% 31.8% 66.6%
BMI 41.7 NS
Ariza et al.*® Control BMI 22.1 29.7 Years 42 NA 2.4% 26.2% 71.4%
Obese BMI 38.8 31.8 Years 42 4.8% 14.3% 81.0%
NS
Carpenter et al*’”  Extremely obese 53 Years 80 46.4 40.7 2.5% 43.8% 53.7%
BMI 43 P <0.04

Abbreviations: ADHD, attention deficit hyperactivity disorder; BMI, body mass index (in kg m~2); NA, not available; NS, non-significant. As several studies

reported average BMI just under 40 kg m~2, these were included as they were not likely to differ significantly from those >40 kg m

-2
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Study Std. Difference S.E. Variance L.limit U.limit Z-value p-Value Standardized difference in means
Stice 1 (19) 0.248 0.351 0.123 0.439 0935 -0.708 0.470 =
Stice 2 (19) -0.285 0.400 0.160  -1.070  0.500 -0.712  0.476 -
Roth (22) -0.079 0.101 0.010  -0.277  0.119 -0.780  0.435 —_—
Hardman 1 (23)  -0.001 0.034 0.001 -0.068  0.066 -0.027  0.978
Spitz (28) 0.282 0.156 0.024  -0.025 0588 1.800 0.072 |
Thomas (29) 0.065 0.096 0.009  -0.123 0.253 0.674  0.500 —
Epstein (30) -0.167 0.214 0.046 -0.587 0.253 -0.780  0.435 -
Fang (31) -0.071 0.120 0.017 -0.323 0.182 -0.546  0.585
Nisoli 1 (32) 0.062 0.282 0.079  -0.491 0.614 0.219  0.827
Epstein (33) -0.415 0.235 0.055  -0.876 0.045 -1.767  0.077 _—
Hardman 2 (23)  0.008 0.033 0.001 -0.055 0.072 0.257  0.798
Athanasoulia (34) 0.105 0.302 0.091 -0.487 0.697 0347  0.728
Noble (40) 0.096 0.235 0.055 -0.365  0.557 0.407  0.684 —_—t
Barnard 1 (42) 0.321 0.305 0.093 -0.276 0.918 1.054  0.292
Barnard 2 (42)  -0.114 0.286 0.082 -0.675  0.448 -0.398 0.691
Cameron 1 (43)  -0.044 0.210 0.044 -0.456  0.367 0.211  0.833 PR T
Cameron 2 (43)  -0.291 0.345 0.119 -0.966  0.385 -0.843  0.399 —
Nisoli 2 (32) -0.167 0.249 0.062 -0.654 0.321 0.669  0.503 -
Winkler (46) -0.066 0.184 0.034 -0.426 0.295 0.357  0.721 _-l_
Carpenter (47) 0.466 0.227 0.052 0.020 0.911  2.049  0.040 . E—
0.004 0.021 0.000 -0.037 0.045 0.196 0.845 1.00 050 g 0.50 1.00
A1- heavier A1+ heavier

Figure 2.

Meta-analysis of the BMI of those with and without the Taq1A allele. The bars report the 95% Cl with a central block proportional to

the study size. The pooled effect size estimate is reported as a diamond.

Study Odds ratio L. limit U. limit
Duran-Gonzalez (25) 1.416 0.865 2.317
Araz (26) 1.093 0.609 1.963
Aksyonova (27) 0.919 0.508 1.663
Spitz (28) 2.930 1.394 6.161
Thomas (29) 1.497 1131  1.983
Nisoli (32) 0.673 0.313  1.449
Davis (39) 1.875 0.869  4.047
Chen (36) 4.100 2.355 7.139
Ariza (45) 0.588  0.212  1.632

1.446 1.008 2.078

Z-value p-Value Odds ratio and 95% CI
1.384 0.166
0.299 0.765
-0.280 0.779
2.835 0.005 -
2.819 0.005 [ |
-1.012  0.312 _.l-
1.601 0.109 +—
4.987 0.000 E
-1.019 0.308 —B—
2.005 0.045 ‘
0.1 1 10
In obese group
Less A1 More A1

Figure 3. Meta-analysis of case-control studies of the incidence of the Taq1A allele in those with a BMI < 25 or >30 kg m~2. The bars report
the 95% Cl with a central block proportional to the study size. The pooled effect size estimate is reported as a diamond.

Finally, in those with BMI up to 30 kg m ™2 (Table 2), there was an
association in only 1 of 13 samples. When the BMI was in excess of
40 kg m ™2, there were two studies that again found that the A1
allele was without influence,***® although Carpenter et al.*’ found
a significant difference. In total, of the 29 samples only 2 reported
that there was a difference in weight associated with the presence
of Taq1A,*>*>“® although the relationship in the study of Morton
et al®* may plausibly reflect a group chosen for a history of
addiction. The combination of these findings into a meta-analysis
(Figure 2) found no overall significant difference in the BMI of
those with or without the A1 allele. Although the frequency of the

© 2016 Macmillan Publishers Limited

A1 allele was found to be greater when groups with and without
obesity were compared (Figure 3), the effect was limited
and depended greatly on one study.3® It is likely that in these
case—control studies much depended on how the sample of the
obese was recruited. If, as discussed below, the A1 allele did not
cause obesity, but rather made it difficult to deal with it, the
recruitment of a sample of those already obese may have
artificially raised the incidence of the A1 allele.

The obvious conclusion was that in the vast majority, if not the
entire population, the density of DD2R is not associated with the
development of obesity. These findings (Figure 2) suggest
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a difference between the mechanisms that underlie obesity and
addiction to drugs of abuse, as in the latter the A1 allele has been
found to be a risk factor for addiction.> The findings gave no
support for a DDR2-related reward deficiency syndrome as
a mechanism that underlies obesity.

Yet, tentatively it may be proposed that there are rare instances
of the A1 allele predisposing to morbid obesity, although the data
are limited and contradictory. Carpenter et al.*’ found in those
with a BMI of 43 kgm ™2 that the A1 allele was associated with
a difference in weight. Similarly, Wang et al.® reported in those
with an average BMI of 51 kg m™~2 that a lower density of DD2R
was associated with greater weight. However, these findings can
be viewed as consistent with the view considered below that the
A1 allele was not responsible for obesity, but rather predisposes to
a personality that finds it difficult to respond to attempts to
reduce weight. However, the manner in which the population
of the morbidly obese is selected may be critical, as it has also
been found that the morbidly obese did not differ in the incidence
of the A1 allele®**® or the density of DD2R.*¢™"

As the present summary is at variance with the suggestion that
there is a lower density of DD2R in the obese, the seminal work
of Wang et al® is considered, as it is quoted frequently when the
possibility of food addiction is proposed. Using positron emission
tomography, they used radiolabeled raclopride, a dopamine
antagonist, to measure the density of striatal DD2R and found
it was lower in a group of 10 obese individuals. In the obese, but
not the control group, the BMI correlated negatively with the
number of DD2R. The findings were interpreted as evidence that
‘dopamine deficiency in obese individuals may perpetuate
pathological eating as a means to compensate for decreased
activation of these circuits’. However, the obese group had an
average BMI of 51 kg m ™2 as compared with a control group with
an average BMI of 25 kg m ~2. Although these findings have been
used to support the view that diet-induced changes in
dopaminergic mechanisms have a role in the obesity epidemic,
the findings from such an extreme group should not be
generalized uncritically to the general population. In addition,
although in this extreme sample the density of DD2R was less
in the more obese, a majority of those in the nonobese sample
had a level of DD2R similar to those with a BMI of >50kgm ™2,
It was clear that differences in dopaminergic mechanisms did not

inevitably lead to being overweight. If a low density of D,
receptors is the mechanism behind ‘pathological eating’, why was
it not influential in everybody?

How should the findings of Wang et al.® be interpreted? It was
apparent that a low density of DD2R is compatible with being
both of a healthy weight or morbidly obese; a finding supported
by the studies that have considered TaqlA (Tables 1-4).
Yet, in the obese group a low density of DD2R was associated
with a greater body mass,® an observation that suggested that
some additional DD2R-related mechanism influenced those who
are already overweight. These findings® should, however, be viewed
with considerable caution as they have not been universally
replicated. Whereas some studies®>™* have supported the findings
of Wang et al® others have not**~>' In fact, there are even reports
that DD2R is higher in those who are obese,>>> and that in some
areas of the brain, as BMI increased the levels of DD2R increased
rather than decreased.*®

As dopamine modulates a range of behaviors other than those
associated with physical addiction, it is plausible that the influence
of the density of DDR2 is mediated via other mechanisms. Figure 4
outlines two dopaminergic pathways that both originate in the
ventral tegmental area. The mesolimbic tract is particularly
involved in the experience of reward and pleasure and is known
to be a site important in the action of drugs of abuse. In contrast,
the mesocortical tract innervates the frontal cortex, an area
involved in executive functioning, motivation and the planning
of behavior. There is growing evidence that behavior associated
with differences in density of DD2R reflects the activity of the
mesocortical, rather than mesolimbic, pathway. In morbidly obese
but not control subjects, lower levels of striatal DD2R were
positively correlated with metabolism in various areas of the
frontal lobes>* It was concluded that ‘decreases in striatal D,
receptors could contribute to overeating via their modulation
of striatal prefrontal pathways, which participate in inhibitory
control and salience attribution’.

Nisoli et al.*? concluded that ‘the presence of A1 allele is not
simply related to body weight but the A1 allele might be a marker
of a genetic psychological condition in people with high risk
to develop pathological eating behaviour. They found the A1l
allele was associated with a preoccupation with gaining weight
that was combined with a feeling of not having control over your

MESOLIMBICTRACT
Involved in reward

and pleasure. Linked |
with drugs of abuse.

MESOCORTICAL TRACT
Involved in planning,

and motivation.

VENTRAL TEGMENTAL AREA

Figure 4. The mesolimbic and mesocortical dopaminergic pathways. Two pathways that are mediated by dopamine are illustrated.
The mesolimbic pathway is particularly associated with reward and pleasure and is associated with addiction to cocaine, alcohol and nicotine.
The mesocortical pathway leads to the frontal cortex and is involved with planning and executive functioning.
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life. The A1 allele has also been associated with novelty or
sensation seeking,’” performance of a delayed discounting task 2
and impulsivity on a card sorting task.’>®° Those carrying A1 have
been reported to be less able to learn to avoid behavior with
negative consequences.®®2 White et al.>® concluded that the A1
allele was associated with a ‘rash impulsive behavioural style and
reinforcement-related learning deficits’. Ariza et al.** similarly
found that carrying the A1 allele, but only when obese, ‘could
confer a weakness as regards the performance of executive
functions’. It is easy to see that if the A1 allele was associated with
impulsivity, risk taking and seeking reward, when combined with
a decreased ability to learn from any negative consequences of
such behavior, this would result in an inability to respond
appropriately to any attempt to reduce food intake.

Consistent with the view that in the obese, the A1 allele is
associated with a psychological profile that makes it difficult to
deal with multiple opportunities to eat, there is an increasing
number of reports that the A1 allele is associated with an inability
to benefit from attempts to lose weight. Roth et al.?* reported that
Taq1A influenced the response of obese children who were taking
part in a 1-year intervention: those with A1/A1 gained weight
over the year, whereas those with other genotypes lost weight.
Similarly, obese post-menopausal women with the A1 allele lost
less weight when on a diet than those with the A2 variant.*®
Again, Winkler et al.*® reported that those with the A1 allele were
less able to maintain weight loss after dieting. In a sample of white
but not black diabetics, Barnard et al.** found that those with the A1
allele were less able to reduce their fat intake when put on a low-fat
diet. In fact, in all four of these studies, the Tag1A gene was not
associated with baseline body weight. In the longer term, a life time
of living with the A1 allele was not associated with a greater BMI,
although in the short term it affects attempts to lose weight.

In addition, there is evidence that the A1 allele increases the
response to food. Stice et al.*' in a brain scanner, monitored the
response to pictures of foods that were or were not appetizing. In
those with the A1 allele, a smaller response to palatable foods was
associated with a greater rise in weight over the subsequent year.
It was suggested on this basis that ‘individuals may overeat to
compensate for a hypo-functioning dorsal striatum, particularly
in those with genetic polymorphisms thought to attenuate
dopamine signalling in this region’. However, although the
baseline BMI was not reported, it proved possible to calculate
these data from the information provided. Consistent with the
present analysis, an increase in weight in those with the A1 allele
was only associated with the experimental period: at baseline,
the BMI did not differ (A1 allele: BMI=23.3 kg m~% no A1 allele:
BMI=24.8kgm™?). Over the previous 156 years, differences
in the density of DDR2 had made no difference to body weight.
Rather than supporting the view that a low density of DD2R
encourages overeating, the findings of Stice et al,*' were
compatible with the present conclusion that the polymorphisms
of Taq1A (Tables 1-3) do not in the long term influence the BMI
of the general population.

Thus, the area is characterized by two apparently contradictory
findings. The evidence is overwhelming that in the general
population the A1 allele is not associated with differences in
BMI (Tables 1-4). Yet, there are reports that in experimental
situations the A1 allele is associated with a lesser ability to benefit
from an intervention that aimed to decrease weight?>4%434¢
The question then arises as how a lower density of DD2R can fail
to be associated with higher baseline levels of BMI when it makes
losing weight more difficult.

An explanation is that isolated findings from brain imaging
studies should not be uncritically generalized to real-world
conditions. Any theory of the cause of obesity based on a single
limited type of data is almost certain to be inadequate. When the
UK government asked for the multitude of factors involved
in obesity to be listed, 110 general factors were found, each
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of considerable complexity, with so many interactions that the
diagrams produced were reminiscent of spaghetti.®? The factors fell
into 10 general categories: biological, media, social, psychological,
economic, food, activity, infrastructure, developmental and medical.
As such, it is inherently improbable, if not impossible, that any
meaningful understanding of obesity is going to result from a single
isolated conception of the problem. Although those using imaging
techniques tend to acknowledge the complexity of the situation, the
development of a conception such as food addiction risks offering
a very simple explanation of an extremely complex problem.

Any theory arising from brain imaging should not be tested in
yet more brain imaging studies: rather, to gain credibility it needs
to be tested using other approaches and related to the body
weight of those living under real-world conditions. As an example,
Benton®® developed a series of predictions that would be true
if sugar addiction occurred; for example, that tolerance would
develop and withdrawal symptoms would be generated by opiate
antagonists. When over a dozen predicted consequences of food
addiction were examined, on no occasion was a prediction
supported. Similarly, in the present review, the theory that a lower
density of DD2R is associated with an increase in BMI gained little
support from examining those not taking part in an experiment
(Tables 1-4). In contrast, when subject to a dietary intervention that
aims to decrease body weight, many times a day an individual has
to consciously make decisions about what to eat. Food choice to a
large extent reflects automated unconscious decisions: every day
we eat the same breakfast or the same sandwich for lunch.
However, when on a diet, or taking part in a clinical trial, many times
a day the choice of food becomes both conscious and salient. In
these circumstances the influence of preexisting behavioral
predispositions becomes critical.

The present conclusions have similarities with those of
Neurofast,®* a European Union-funded consortium of workers in
eight countries charged with evaluating the evidence behind
suggested food addiction. After reviewing the topic from a wide
range of perspectives, they concluded that food addiction was
unlikely to underlie most instances of obesity, as it usually reflects
a long-term marginal overconsumption of calories. Rather, the
conclusion was that ‘eating addiction” was a better conception.
The implication was that a psychological compulsion to eat might
develop: that is, obesity is better seen as a behavioral disorder.
However, the present conclusions about DD2R do not preclude
the obvious fact that some individuals have a serious problem in
controlling food intake. The important question is the underlying
mechanism and hence the best manner by which obesity can be
addressed.

A suggested role for ‘eating addiction’, rather than ‘food
addiction’,®* implies that obesity should not be addressed by
concentrating on food itself, but rather the individual’s relation-
ship with eating. ‘Eating addiction’ stresses the behavioral
component, whereas ‘food addiction’ is a passive process that
simply befalls the individual, a consequence of the ready
availability of palatable foods. If differences in the ability to
deal with food-related issues can be demonstrated, a possibility
that should be considered is that obesity might be better
addressed by offering different intervention strategies to those
with different genetic makeups.

What implications do the present findings have when devel-
oping a response to obesity? Although imaging studies that have
looked at the role of dopaminergic mechanisms report a greater
response to palatable foods,'®?' the essence of the problem is
that realistically individuals are going to choose to eat foods that
taste good. We choose to eat palatable foods that stimulate
reward mechanisms and in turn more food is consumed.
Any approach of removing the constituents that make food
palatable is extremely unlikely to work. For example, the wide-
spread decision to produce low-fat products did not prevent the
progressive increase in the incidence of obesity. The consumer
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can choose what they eat and will mostly choose tasty food: no
food manufacturer or restaurant chain is going to survive by
providing foods that are not palatable. Typically, palatability
reflects the content of fat and sugar, often in combination.
However, a recent review confirmed ‘the existence of the sugar-fat
seesaw on a percentage energy basis’; © that is, diets high in fat
tend to be low in sugar and vice versa. Part of this phenomenon
may reflect the desire for palatability, so that the removal of one
palatable dietary constituent leads to the consumption of another.
This finding suggests that attempts to address the incidence of
obesity by decreasing palatability are unlikely to succeed. If one
wishes to decrease energy density while maintaining palatability,
particular attention should be given to fat because, of the various
macronutrients, it offers the most energy per gram and is the least
able to induce satiety.%

Rather than taking the ‘addiction’ approach of decreasing
particular nutrients, the aim should be to offer foods that taste
good, that are satiating and yet provide less energy. The various
macronutrients generate different levels of satiety;°® low-energy-
dense diets generate greater satiety; high-energy-dense foods
lead to ‘passive overconsumption’, that is, as the food lacks bulk,
excess energ6y is unintentionally consumed.®” The World Health
Organisation®® concluded that a key cause of obesity was the
increased consumption of energy-dense foods: high-energy-dense
foods are those that contain the least water and the most fat.®’

Such a conclusion does not get the food industry off the hook
but rather sets a different agenda. A ‘food addiction’ approach
would involve establishing the addictive substance and reducing
the amount in food, be it fat, sugar a combination of these
or some other ingredients. However, when taking the ‘eating
addiction’ perspective you cannot escape the obvious fact that
obesity largely reflects the extensive availability of highly palatable
and highly calorific foods. The task for the food industry is to aid
energy restriction by producing low-energy-dense foods that are
formulated to be palatable (or nobody will buy them), maximize
satiety and prolong satiation. Even so, such is the multitude
of factors that influence obesity that a dietary approach is unlikely
to have a meaningful impact unless it is part of a coordinated
program that acknowledges the complexity and multifaceted
nature of the problem. Although an increased provision of low-
energy-dense foods would be helpful, the message is that
a change in the nature of food items will not by itself be
a sufficient response. The present analysis suggests that one
aspect of such an integrated response to obesity should be how
individuals deal psychologically with the continual temptations to
eat. Specifically, we should consider further whether the strategies
that are recommended need to be suited to our genetic makeup
and hence our personalities.
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