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Abstract

The individual response to diet may be influenced by gene polymorphisms. This study hypothesized that ADRB2
(Gln27Glu, rs1042714 and Arg16Gly, rs1042713), ADRB3 (Trp64Arg, rs4994) and GHRL (Leu72Met, rs696217)
polymorphisms moderate weight loss. The study was a seven weeks dietary weight loss intervention with Brazilian
adult obese women (n = 109). The body mass index (BMI) was calculated and polymorphisms in these genes were
assessed by real-time PCR assays. Two-way repeated-measures ANOVA (2 x 2) were used to analyze the interven-
tion effect between polymorphisms and BMI over the period and after stratification for age and socioeconomic status
(SES). The weight loss intervention resulted in decreased BMI over the seven-week period (p < 0.001), for high and
low SES (p < 0.05) and mainly for participants with 30-49 y. The intervention did not result in a statistically significant
difference in weight loss between polymorphism carriers and non-carriers, and although, the ADRB2, ADRB3 and
GHRL polymorphisms did not moderate weight loss, the Gln27Glu polymorphism carriers showed a lower BMI com-
pared to non-carriers in the low SES (p = 0.018) and the 30-39 y (p = 0.036) groups, suggesting a role for this poly-
morphism related to BMI control.
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Introduction

Many diseases and health conditions have been con-

sistently associated with obesity (Swinburn et al., 2004).

Because of the burden represented by obesity and its in-

creasing prevalence (Swinburn et al., 2011) and the associ-

ated economic costs (Finkelstein et al., 2005), this condi-

tion remains a challenge for many countries worldwide

(Swinburn et al., 2004). Over the last few decades, devel-

oping countries have experienced an increase in obesity

among their population (Hossain et al., 2007), particularly

among the upper middle-income population (Dinsa et al.,

2012).

Although certain obesity treatments and recommen-

dations for its prevention and control are well established

(Avenell et al., 2006; Seagle et al., 2009), less than one out

of five patients succeed in maintaining their weight loss

(Wing and Phelan, 2005). Individual engagement (Avenell

et al., 2006), environmental factors (e.g. access to food

healthy choices) (Booth et al., 2001), and public policies

also affect weight control (Hill et al., 2005) and help to ex-

plain why weight loss interventions are often ineffective.

These characteristics represent a greater challenge for

groups at risk for obesity, such as women, for whom obe-

sity is more common than for males in many countries

(Wells et al., 2012). Furthermore, in developing countries,

such as Brazil, gender inequality remains a major challenge

to promoting healthy habits (Wells et al., 2012).

Social and environmental factors are important medi-

ators for weight control, and the environment may affect

the control of food intake. For instance, appetite is regu-

lated by physiological mechanisms, but an obesogenic en-

vironment may lead to overconsumption of food, thus

affecting weight gain (Blundell, 2006). Additionally, the
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individual response to an obesogenic environment and to

different diets may be related to gene polymorphisms

(Hetherington and Cecil, 2010; Rudkowska and Perusse,

2012). In this context, the identification of genes and poly-

morphisms associated with obesity may predict a person’s

genetic risk for developing obesity. For instance, a personal

genome profiling test may identify specific individuals as

carriers (Loos, 2012) thus providing the basis for a “person-

alized” genetic approach to prevent or treat obesity (Bray,

2008). After years of searching for obesity-susceptibility

genes (Loos, 2012), several specific genes have been iden-

tified.

Among the so-called obesity candidate genes, three

genes, ADRB2, ADRB3 and GHRL (Rankinen et al., 2006),

have been explored because of their link with energy bal-

ance. The ADRB2 and ADRB3 genes code for �2 and �3

adrenergic receptors, respectively. These receptors are part

of the adrenergic system, which stimulates lipid mobiliza-

tion in adipose tissue (Kurokawa et al., 2008) through the

action of catecholamines (epinephrine and norepinephrine)

(Insel, 1996; Scofield et al., 2002). The GHRL gene codes

for ghrelin preprotein, which generates ghrelin, the most

powerful orexigenic peptide, that creates a positive energy

balance promoting food intake and decreasing energy ex-

penditure (Kojima and Kangawa, 2005).

There are controversies and gaps regarding genes and

obesity. Some studies found an association between obesity

and polymorphisms of the genes ADRB2, ADRB3 (Garenc

et al., 2003; Pereira et al., 2003; de Luis et al., 2008) and

GHRL (Korbonits et al., 2002) whereas some did not

(Oberkofler et al., 2000; Rawson et al., 2002). In addition,

studies comparing the response to a weight loss diet be-

tween polymorphism carriers and non-carriers are still

lacking, this being a limiting factor for developing a per-

sonalized diet for obesity treatment. In the present study we

hypothesized that ADRB2 (Gln27Glu, rs1042714 and

Arg16Gly, rs1042713), ADRB3 (Trp64Arg, rs4994) and

GHRL (Leu72Met, rs696217) polymorphisms may moder-

ate weight loss in adult obese women.

Materials and Methods

Study design

This study was a dietary intervention for weight loss

in 109 obese, adult women from southern Brazil. The study

design was a quasi-experimental intervention lasting nine

weeks (two weeks of pre-intervention and seven weeks of

intervention, without a follow-up period) conducted from

October to December of 2011 in Curitiba, Brazil.

The weight loss intervention had three components:

an individual dietary intervention (three sessions), a nutri-

tional group intervention (two sessions: healthy food

choices lecture and nutrition labels reading workshop), and

an orientation for physical activity (one session). The six

sessions occurred over a period of seven weeks. The indi-

vidual dietary intervention for weight loss was adapted by a

nutritionist from the Nutrient-Gene Interactions in Human

Obesity: Implications for Dietary Guidelines (NUGENOB)

protocol (http://www.nugenob.org) using the Brazilian Di-

etary Guidelines (Brasil, 2008) and the American Dietetic

Association’s position for weight management (Seagle et

al., 2009). Diet templates were calculated by a nutritionist

and ranged from 1000 kcal to 2200 kcal with two options

for dinner - salad, bread and cheese or salad, rice, beans and

chicken. Each participant received one diet based on her es-

timated energy needs, with a 600 kcal caloric deficit. The

dinner option was based on previous dietary habits reported

at pre-intervention. The individual dietary intervention was

supervised by a nutritionist and delivered by undergraduate

students of the Nutrition Course at Pontifícia Universidade

Católica do Paraná The nutritional group intervention was

designed and delivered by a nutritionist, and the physical

activity orientation session was designed and supervised by

a physical educator.

Participants

The participants were recruited through an advertise-

ment tailored to adult obese women to take part in a re-

search study aiming to reduce and control weight through

educational strategies and behavioral changes on local tele-

vision and radio stations. Those interested in participating

attended a study screening at the University Pontifícia

Universidade Católica do Paraná. The subjects who met the

eligibility criteria were enrolled in the study.

Eligibility criteria for the study included: age � 20

years, female, obese class � I (body mass index �

30 kg/m2), generally healthy (e.g. no co-morbidities re-

ported), pre-menopause (self-reported), not pregnant, non-

lactating, ability to read and write and to consent to taking

part in the research study. Subjects were excluded if on

medication or dietary treatment for weight loss, if suffering

from type I diabetes, hypothyroidism, chronic kidney dis-

ease or other uncontrolled chronic disease, if have had

bariatric surgery, were vegetarian, or were not available to

attend the study meetings.

Anthropometric measures

Height was measured at pre-intervention and weight

at pre-intervention and post-intervention. The participants

were measured without shoes and wearing light clothes.

The body mass index (BMI) was calculated as weight (kg)/

height2 (m), and the participants were classified according

to obesity class (I to III) (WHO, 2000).

DNA and plasma analysis

Blood samples were collected from participants into

tubes with EDTA, and DNA was extracted by a salting out

method (Lahiri and Nurnberger, 1991) and diluted to

20 ng/�L final concentration. Genotyping of ADRB2

(Arg16Gly and Gln27Glu, rs1042713 and rs1042714, re-
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spectively) GHRL (L72M, rs696217) and ADRB3

(Trp64Arg, rs4994) polymorphisms were achieved using a

TaqMan� SNP Genotyping Assay (Applied Biosystems).

Reactions were performed in a Mastercycler Realplex 2

system (Eppendorf) with the following protocol: 50 °C for

2 min, 95 °C for 10 min, and 50 cycles of 95 °C for 15 s and

62 °C for 1 min. Previously sequenced control samples rep-

resenting of each of the possible genotypes (normal homo-

zygote, heterozygote and mutant homozygote) were

included in every reaction for each of the four polymor-

phisms studied.

Statistical analysis

Descriptive data for age, socioeconomic level and

employment/study status were presented in categorical lev-

els. Two-way repeated-measures ANOVA (2 x 2) were

used to analyze the intervention effect between polymor-

phisms and the BMI over the period - two groups (carrier

and non-carrier subjects) for each polymorphism

(Arg16Gly, Gln27Glu, Trp64Arg and Leu72Met) and two

periods (pre-intervention and post-intervention) - analyz-

ing the effect of period, group, and the interaction between

period and group. Subsequently, socioeconomic status

(SES), age and baseline BMI were added as covariates. The

same ANOVA analysis was then conducted after stratifica-

tion for age and SES. SPSS version 19 for Windows was

used for all statistical analyses and p < 0.05 was considered

significant.

Ethical Issues

All procedures followed were in accordance with the

ethical standards of the responsible committee on human

experimentation from Pontifical Catholic University of

Parana’s Institutional Ethics Board and the experiment

complied with the current laws of Brazil. Informed consent

was obtained from all participants. IEB approval number:

(0005306/11).

Results

After advertising the study, 380 subjects attended the

screening, 87 were considered ineligible (most with

BMI < 30 kg/m2). Among the 293 eligible participants, 208

attended data collection, 200 started the intervention, and

109 had anthropometrical data collected and gene polymor-

phisms assessed at the end of the study. Most of the partici-

pants were between 30 and 39 years old, with a high socio-

economic level and were employed (Table 1). Regarding

the BMI level, Obesity Class I was the most prevalent for

participants at pre-intervention and post-intervention, with

a shift from Obesity Class I to pre-obese after the interven-

tion.

The weight loss intervention resulted in a statistically

significant decrease in BMI over the seven-week period

(p < 0.001) (Figure 1). Whereas most of the participants

(76.9%) had not moved to another BMI, 21.4% of the par-

ticipants had dropped to a lower BMI category, and 1.7%

had gone up one class.

Genotype distributions were in Hardy-Weinberg

equilibrium for the four polymorphisms. There was no sta-

tistically significant different response to the weight loss

intervention between polymorphism carriers and non-

carriers (Figure 1). The ADRB2 (Gln27Glu, rs1042714 and

ADRB2, ADRB3, GHRL and weight loss 17

Table 1 - Characteristics of obese women participants in a weight loss in-

tervention study with polymorphisms of the ADRB2, ADRB3 and GHRL

genes, done in 2011 in Curitiba, Brazil (n = 109).

Characteristics n % % missing

Age (years)

20-29 17 15.6

30-39 49 45.0

40-49 35 32.1

� 50 8 7.3

Socioeconomic status

High 65 59.6

Intermediate and Low 44 40.4

Currently employed (paid job)

No 29 29.6 10.1

Yes 69 70.4

Currently enrolled in school/college

No 77 80.2 11.9

Yes 19 19.8

Pre-intervention

Obese Class I (30-34.9 kg/m2) 61 56.0

Obese Class II (35-39.9 kg/m2) 27 24.8

Obese Class III (� 40 kg/m2) 21 19.2

Post-intervention

Pre-obese (25-29.9 kg/m2) 13 11.9

Obese Class I (30-34.9 kg/m2) 53 48.6

Obese Class II (35-39.9 kg/m2) 25 23.0

Obese Class III (� 40 kg/m2) 18 16.5

Genes

ADRB2 gene Arg16Gly polymorphism

Non-carrier 14 21.5 40.4

Carrier 51 78.5

ADRB2 gene Gln27Glu polymorphism

Non-carrier 52 52.0 8.3

Carrier 48 48.0

ADRB3 gene Trp64Arg polymorphism

Non-carrier 78 77.2 7.3

Carrier 23 22.8

GHRL gene Leu72Met polymorphism

Non-carrier 75 72.1 4.6

Carrier 29 27.9



Arg16Gly, rs1042713), ADRB3 (Trp64Arg, rs4994) and

GHRL (Leu72Met, rs696217) polymorphisms did not mod-

erate weight loss in the adult obese women. As no interac-

tion was found between the gene polymorphisms and

weight loss, the analysis was adjusted for the covariates

SES, age and baseline BMI, but again, no difference was

found. Hence only the not adjusted data are presented.

Nonetheless, the ADBR2 gene Gln27Glu polymorphism

carriers showed a statistically significant (p = 0.006) lower

mean BMI compared to the non-carriers (Figure 1b), thus

suggesting a protective effect of the polymorphism.

The within-subject analysis for BMI stratified for age

did not result in a significant weight loss for younger

(20-29 y group) and for older participants (� 50 y). The
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Figure 1 - Relationship of body mass index (BMI) and pre and post (period) weight-loss diet intervention and the polymorphisms carrier and non-carriers

of (a) the ADRB2 gene Arg16Gly polymorphism, (b) the ADRB2 gene Gln27Glu polymorphism, (c) the ADRB3 gene Trp64Arg polymorphism, and (d)

the GHRL gene Leu72Met polymorphism in the adult obese women.



BMI pre and post-intervention significance was lost for the

� 50 y group, except for the Gln27Glu polymorphism of the

ADRB2 gene (p = 0.013). For the SES stratified analysis,

the weight loss diet intervention resulted in changes in BMI

for both high and low SES (p < 0.05). The between-subjects

analysis for BMI stratified for SES and age, comparing car-

riers and non-carriers of the ADBR2 gene Gln27Glu poly-

morphism, showed a different result. A likely protective

effect found for carriers was seen only for the low SES

(p = 0.018) and the 30-39 y group (p = 0.036). The mean

BMI difference for the Gln27Glu allele group was 0.43,

0.88, 1.1 and 1.24 kg/m2 for the 20-29 y, 30-39 y, 40-49 y

and � 50 y categories, respectively. The addition of age as

covariate to the model (p = 0.03) confirmed the tendency

shown for the Gln27Glu allele group, showing a concomi-

tant increase in the mean BMI difference across age group.

Discussion

In this study, the polymorphism Arg16Gly,

Gln27Glu, Trp64Arg and Leu72Met carriers and non-

carriers did not respond differently to the weight loss diet

intervention. There was no interaction effect between

weight loss and genetic polymorphisms. The differences in

genotype did not lead to greater or lesser weight loss. The

diet intervention done with adult obese women resulted in a

statistically significant weight loss for the groups 30-39 y

and 40-49 y, for the Gln27Glu carriers in the � 50 y group,

but not for the 20-29 y group. Perhaps due to the small num-

ber of participants, the significance was lost in the � 50 y

group. Such reasoning may, however, not apply to the

20-29 y group, as the mean BMI difference stratified for

age was smaller when compared with the non-stratified

analysis. In other words, it seems that the intervention did

not result in a significant weight loss for participants with

age between 20 to 29 years.

Although the Gln27Glu allele carriers did not respond

differently to the intervention, the low SES and the 30-39 y

groups showed a lower mean BMI at pre-intervention and

after intervention when compared to non-carriers. This dif-

ference between carriers and non-carriers suggests a pro-

tective effect for the polymorphic allele. It thus seems that

Gln27Glu polymorphism carriers in a low SES condition

were somewhat protected against a higher BMI when com-

pared to non-carriers. With respect to age, it seems that

older individuals responded more strongly to the weight

loss intervention. This may be related to a different percep-

tion of disease risks and their implications. For the 30-39 y

group, the significant result is possibly due to the larger

number of participants in this group when compared to the

other age categories. Probably there is an interaction effect

between weight loss and age, but due to the low number of

participants in the other age categories this could not be re-

vealed. This study contributes to the field of nutrigenetics

and to the knowledge of obesity-related genotype and the

potential weight loss response aiming a personalized diet

for obesity treatment.

The ADRB2 and ADRB3 adrenergic receptors play a

role in the lipolysis regulation activating lipid mobilization

from fat stores (Enocksson et al., 1995; Takenaka et al.,

2012), with ADRB2 apparently being the main receptor in

this function (Enocksson et al., 1995). Although both are

related to the lipid metabolism, and polymorphisms of

these genes were seen to cause differences in energy expen-

diture (Takenaka et al., 2012), we did not find any effect of

the ADRB2 and ADRB3 polymorphisms in response to a

weight loss intervention. For ghrelin, which has a unique

capacity to increase food intake and is a central modulator

of energy homeostasis (Castaneda et al., 2010), we also did

not find an effect between the Leu72Met polymorphism

and weight loss response.

Although it is well known that genes are associated

with obesity-related traits (Moreno-Aliaga et al., 2005;

Rankinen et al., 2006), the understanding is not complete.

The results are controversial and most of the studies with

ADRB2, ADRB3 and GHRL polymorphisms are observa-

tional studies. For instance, an observational study by

Daghestani et al. (2012) found an association between

weight gain and the Arg16Gly polymorphism of the

ADRB2 gene, and another (Mattevi et al., 2006) found an

association with higher body mass index and waist circum-

ference among men. However, Jalba et al. (2008) did not

find an association between this polymorphism and obe-

sity, and Lange et al. (2005) did not find an association with

any of adiposity measures.

Several intervention studies have been conducted, but

they are lacking consistent results and an in-depth under-

standing of the relationship between genes and obesity.

Two intervention studies found no differences between car-

riers and non-carriers and weight loss and weight gain re-

sponse, respectively (Ukkola et al., 2001b; Ruiz et al.,

2011), and their results are consistent with our results, sug-

gesting that the Arg16Gly polymorphism may not be asso-

ciated with weight loss.

For the Gln27Glu polymorphism of the ADRB2 gene,

the observational studies showed controversial results. For

instance, no significant differences were found for obe-

sity-related traits between subjects with and without the

ADRB2 polymorphism (Mattevi et al., 2006) and neither

showed an association with obesity in a meta-analysis

(Jalba et al., 2008). However, Lange et al. (2005) found that

the Glu27Glu genotype was associated with higher BMI.

Considering intervention studies, the Gln27Glu polymor-

phism seems to be protective to weight balance, and the re-

sults, including ours, show some consistency in this

respect. One study (Ukkola et al., 2001b) found that non-

carriers of the Gln27Gln polymorphism gained more

weight when exposed to long-term overfeeding, and an-

other more recent study (Ruiz et al., 2011) found that

women carrying the Gln27Glu allele lost more weight than

ADRB2, ADRB3, GHRL and weight loss 19



non-carriers. These results are consistent with ours - we

found that the carriers had a significantly lower BMI at

pre-intervention and post-intervention in comparison to

non-carriers - although there was no difference in weight

loss response between carriers and non-carriers.

The studies on the Trp64Arg polymorphism of the

ADRB3 gene and obesity-related traits also showed contra-

dictory results. Whereas one study found such an associa-

tion for obese males and females, with the carrier group

having a higher weight and BMI than the non-carrier group

(de Luis et al., 2008), two studies found no association. In

accordance with our results, Rawson et al. (2002) found no

difference for BMI between Trp64Arg mutation carriers

and non-carriers, although, differently from ours, their pa-

tients were post-menopausal, and Mattevi et al. (2006)

found no association between BMI and waist circumfer-

ence.

For the Leu72Met polymorphism of the GHRL gene,

the results are even more divergent. One study has shown

that the Leu72Met polymorphism is associated with early

onset of obesity (Ukkola et al., 2001a), but another (Ando

et al., 2007) found no significant differences between the

Leu72Met genotype and anthropometric measures relevant

to obesity. In addition, this polymorphism seems to be pro-

tective for fat accumulation (Ukkola et al., 2002). The lack

of diet-induced weight-loss intervention studies and GHRL

gene polymorphisms limits the comparison with our study.

Candidate gene and genome-wide linkage ap-

proaches are used for more than 15 years in the search for

genes related to obesity (Loos, 2012). Such studies are use-

ful for identifying the possible genes or related polymor-

phisms. Once the possible genes or polymorphisms are

identified they can be investigated in observational designs

and have their hypothesis tested in intervention studies. Our

study is a well-controlled intervention, with four important

polymorphisms, and adds to understanding the relationship

between genes and the weight loss response. This is espe-

cially so for Brazil, an emerging country in a nutrition tran-

sition (Popkin, 2004), where, to our knowledge, only few

studies exist on nutrition and genetics, specifically nutri-

genetics, and where most studies were not developed to as-

sess gene effects on weight loss as a primary aim (Moreno-

Aliaga et al., 2005).

Notwithstanding, several limitations need to be con-

sidered: the lack of intervention studies for comparing the

results, especially with GHRL genes; the duration of inter-

vention may have been too short, or more specific markers

(i.e. biochemical or ones related to energy expenditure) are

needed to capture an effect. Other limitations are the conve-

nience sample, sample size and missing data for some key

variables (i.e., Arg16Gly polymorphism of the ADRB2

gene) that may have undermined the power to explain nega-

tive effects. Furthermore, considering that each genetic

polymorphism has some contribution to differences in BMI

(Kurokawa et al., 2008), an interaction assessment between

genes and polymorphisms should give a better

understanding on this relationship. Finally, the lack of data

on the external food environment and dietary intake may

limit the comprehension of the genes-nutrition interaction.

To better understand the relationship between nutri-

tion and genes, more intervention studies with specific

markers, based on functional pathways (Bray, 2008) are

needed. In addition, studies identifying the functional sig-

nificance of a polymorphism, as suggested for a ghrelin

single nucleotide polymorphism (SNP) (Ukkola, 2011), in-

cluding the role of the polymorphisms studied on BMI con-

trol, may help to elucidate divergent results and could

provide support in hypothesis testing of specific poly-

morphisms in clinical trials. Studies that assess the food en-

vironment may also help to explain results showing the

relationship between obesity and genes and environmental

factors (Ukkola, 2011; Drong et al., 2012).

Although a personalized nutrition and genetic ap-

proach to obesity intervention is expected in the future

(Bray, 2008; Abete et al., 2012), it is too early to apply this

(Isaak and Siow, 2013). This study was developed specifi-

cally to observe the effect of genes on weight loss and adds

to the understanding of the relationship between genes, nu-

trition and obesity. In summary, we did not find an effect

between the Arg16Gly, Gln27Glu, Trp64Arg and

Leu72Met polymorphisms and the weight loss response to

a diet-induced energy restriction in obese women. But the

ADRB2 Gln27Glu polymorphism seems to have a role re-

lated to BMI control, as polymorphism carriers in the low

SES and 30-39 y groups had a lower BMI compared to

non-carriers, suggesting a need for further in-depth investi-

gation. In the context of a personalized diet, this study helps

to build the knowledge needed to translate this into evi-

dence-based practice.
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