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Aldehyde Dehydrogenases Genetic 
Polymorphism and Obesity: 
From Genomics to Behavior and Health

Cheng Hu

Abstract Obesity is multifactorial and complex. Remarkable progress has been 
made recently in search for polygenic obesity through genome-wide association 
study (GWAS), but biology of polygenic effects on obesity is largely poor. This 
review summarizes the available evidence and provides an overview of the links 
between ALDH2 variants and adiposity, which were firstly and mainly derived from 
studies of polygenic obesity and also indirectly investigated by using cell lines and 
mice. The genetic association studies have observed consistent associations of 
ALDH2 variants with obesity-related traits including BMI, waist circumference 
(WC), waist-to-hip ratio (WHR), and visceral fat accumulation. In consideration of 
ALDH2 variants with enzyme activity and alcohol consumption behavior in physi-
ological mechanism studies, we proposed a model by which the physiological and 
behavioral consequences of alcohol consumption serve as an intermediary process 
between polymorphisms in ALDH2 and obesity.
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GABA γ-aminobutyric acid
GWAS genome-wide association studies
IDF International Diabetes Federation
PPAR-γ peroxisome proliferator-activated receptor γ
ROS reactive oxygen species
SFA subcutaneous fat area
SGWAS Shanghai Genome-Wide Association Studies
VFA visceral fat area
WC waist circumference
WHO World Health Organization
WHR waist-to-hip ratio

1  Introduction

Obesity, defined as an excessive fat accumulation, has increased at an alarming pace 
around the world. For the years 2013–2014, more than one-third (37.7%) of US 
adults have obesity, and the number is projected to 51% in 2030 [1]. Not only that, 
obesity is also a major heath concern in developing countries, where almost two in 
three of the world’s people live with obesity. The rate of obesity has tripled since 
1980 in the Middle East, the Pacific Islands, and China [2]. Obesity-related diseases 
such as type 2 diabetes, stroke, coronary heart disease, and some cancers have been 
the leading cause of disability and death. Clinically, overweight and obesity are 
quantified through the surrogate measure of body mass index (BMI), calculated as 
weight divided by the square of height. Individuals with a BMI of ≥28 kg/m2 are 
considered obese and those with a BMI of 25 kg/m2 to 29.9 kg/m2 considered over-
weight according to World Health Organization (WHO) criteria [3]. The given BMI 
values indicate a higher percentage of body fat and metabolic disease risk for Asian 
populations than European populations; therefore, some Asian countries have 
revised the definition of obesity to adjust for ethnic differences [4]. In China, over-
weight and obesity are, respectively, identified as 24 kg/m2≤ BMI <28 kg/m2 and 
BMI ≥28 kg/m2 [5]. Central obesity (also known as visceral, android, apple-shaped 
or upper body obesity, abdominal obesity) can be clinically assessed by waist 
circumference (WC) which is highly associated with intra-abdominal fat. 
International Diabetes Federation (IDF) consensus defined central obesity in 
Europeans as a WC of ≥94 cm in males and ≥ 80 cm in females. Lower WC cutoffs 
are proposed for some ethnic groups (e.g., Chinese, Southeast Asians) [6]. Some 
indices corresponding to fat distribution, including waist-to-hip ratio (WHR), vis-
ceral fat are also used to assess central obesity.

Obesity is a product of the interaction between genetic factors and lifestyle risk 
factors (like smoking, drinking, lack of physical activity, sedentary, and Western 
diet). Even though surrounded by “obesogenic environment,” a certain number of 
individuals could maintain their weight, suggesting genetic factors play a critical 
role in regulation of obesity. The advent of genome technology innovation (e.g., 
microarray and sequencing) has allowed far more detailed investigation of genetic 
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factors than previously known. Approximately 150 variants linked to obesity (e.g., 
BMI, WC, and WHR) have been identified through genome-wide association stud-
ies (GWAS) [7–24]. To be frustrated, little is known about the underlying mecha-
nism by which those surprisingly high numbers of obesity-related variants imposed 
risk to obesity or body fat distribution. The interpretation of genomics to clinical 
care and public health is not enough, which requires the knowledge of genetic basis 
for obesity and interactions with health behaviors. Population research on the gene- 
environment interaction, which means that the sensitivity to environmental influ-
ences is regulated modulated by genetic factors, was still lacking.

The p.Glu504Lys (c.1510G>A, rs671) ALDH2 missense variant is among 
numerous variants linked to obesity which reached the genome-wide significance. 
Aldehyde dehydrogenase 2 encoded by ALDH2 is well known for most efficient 
enzyme of alcohol oxidation in the liver and other organs. Since alcohol consump-
tion is also a public health concern, we focused on aldehyde dehydrogenases 
(ALDHs) genetic polymorphisms in this review and elucidated a genetic link to a 
common behavior and health.

2  Aldehyde Dehydrogenases

Human aldehyde dehydrogenases superfamily is a group of oxidizing enzymes 
responsible for the metabolism of endogenous and exogenous aldehydes. There are 
19 functional isoforms with a wide range of tissue distribution, and some of them 
display specific subscapular compartments [25, 26]. Amino acid sequence similari-
ties are about 40% between families and 60% or higher between the subfamilies. 
While some aldehydes functioned by ALDHs play key roles in normal physiologi-
cal processes including vision, embryonic development, and neurotransmission, 
most of aldehydes can lead to cytotoxic damage. In this case, ALDHs are regarded 
as detoxification enzymes and serve as an important shield from the cytotoxic dam-
age of aldehydes by converting them to their respective carboxylic acids.

Mitochondrial ALDH2 emerges as a particularly important enzyme for the oxi-
dation of acetaldehyde in  vivo, an immediate metabolite of alcohol. Alcohol- 
detoxifying pathway, specifically, consists of two-step enzymatic reaction. The first 
step is catalyzed by enzyme alcohol dehydrogenase (ADH), which converts alcohol 
to acetaldehyde. The second step is mainly catalyzed by ALDH2, dehydrogenating 
acetaldehyde into acetate to keep low levels of circulating acetaldehyde under nor-
mal condition. Any abnormal endogenous (i.e., mutations or liver disease) and 
exogenous (i.e., drugs) conditions which influence the enzyme activity could lead to 
the accumulation of acetaldehyde, manifested by a variety of unpleasant effects 
such as alcohol-flushing responses, nausea, vomiting, hypotension, or rapid heart 
rate. These unpleasant effects may prevent individuals from consuming more alco-
hol. Besides, it can also serve to remove lipid peroxidation-derived aldehydes and 
other reactive aldehydes to protect from the damage of excessive oxidative stress. 
Compelling evidence indicates that ALDH2 is a key mediator of endogenous cyto-
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protection against ischemia injury [27, 28], gastrointestinal cancers [29, 30], late- 
onset Alzheimer’s disease [31, 32], and a variety of human diseases.

The importance of ALDH2 proteins in physiological or pathological processes 
might be best evidenced by the associations between ALDH2 functional variants 
and distinct disease phenotypes in humans. The p.Glu504Lys (c.1510G>A, rs671) 
ALDH2 is the most common single point mutation in humans. This single point 
mutation occurs 35–45% among East Asians (approximately 560 million) but very 
rare in European populations [33]. The ALDH2*2 (termed A allele) carriers have a 
lower ALDH2 enzymatic activity. ALDH2*1/*2 heterozygotes are expected to have 
dramatically lower than 50% of the wild-type’s enzymatic activity and ALDH2*2/*2 
homozygotes have <1–4% of the wild-type activity. Several large meta-analyses 
identified that carriers of the highly active ALDH2*1 allele (or G allele) had an 
increased risk of alcoholism. rs886205 is another variant in the promoter region of 
ALDH2 gene and was linked to ALDH2 activity through changing transcriptional 
activity in European populations.

3  The Associations Between Obesity and ALDH2 Variants

3.1  What’s for the GWAS of Obesity?

Multiple measurements including BMI, WC, WHR, and visceral fat area (VFA) are 
applied to quantify the degree of obesity. BMI, is a simple but standard measure-
ment for overall obesity. Great advances in identification of variants linked to obe-
sity can be largely attributed to the strategy of GWAS.  The attempts to identify 
BMI-related variants are considered to facilitate some patterns of discovery for neu-
ronal regulation in overall obesity [12, 16]. WC and WHR are considered as simple 
and commonly used markers for central obesity. Besides, other indices correspond-
ing to fat distribution imaged by MRI or CT technology are superior to WC and 
WHR in terms of distinguishing between visceral fat and abdominal subcutaneous 
fat. The important thing for the central obesity-related variants has proven vital to 
elucidate the signals either shared with overall obesity or specific to central 
obesity.

3.2  The Link Between Obesity and ALDH2 Variants

The involvement of ALDH2 in obesity and fat distribution was first suggested by 
GWAS in East Asian populations. So far, a total of three large-scale GWAS analyses 
and one replication study were performed among East Asian populations (as shown 
in Table 1) [21, 22, 34, 35]. The first GWAS analysis, published in Nature Genetics 
in 2009, uncovered a novel locus rs2074356 affecting WHR that reached 
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genome- wide significance in Korean populations (8842 and 7861 samples in stages 
1 and 2, respectively) [34]. This locus is mapped to chromosome 12q24 in the 24th 
intron of the C12orf51 and in moderate linkage disequilibrium with the rs671 at 
ALDH2 in East Asian populations (r2 = 0.58 in JPT and CHB). Then, two enlarged 
GWAS of obesity among East Asian populations were performed. The latter GWAS 
was conducted by Wen et al. to test the association of BMI with 2.5 million geno-
typed or imputed SNPs in Asian population in 2014 [21]. The significant associa-
tions of the two related SNPs in 12q24 region (rs671 at ALDH2, rs12229654 at 
MYL2, r2 = 0.58) with BMI has been primarily identified in a population of 86,757 
individuals and replicated in an independent sample of 11,233 and 23,454 individu-
als, respectively. The carriers of G allele (namely, highly active ALDH2*1 allele) 
conferred higher BMI compared with non-carriers. There was substantial overlap-
ping between overall obesity and central obesity and previously reported locus near 
ALDH2 for WHR was not adjusted for BMI. Therefore, Wen et al. conducted a new 
round of meta- analyses to test the associations of WC and WHR with 2.5 million 
SNPs among individuals of East Asian ancestry in 2016 (n = 53,052 and 48,312 for 
WC and WHR, respectively) [22]. They confirmed the effects of rs671 in ALDH2 on 
WC and WHR before or after adjusting for BMI. Even though WC and WHR are 
considered good markers for central obesity, they cannot distinguish between vis-
ceral fat and abdominal subcutaneous fat directly. The genetic study for more accu-
rate proxy of central obesity may reveal novel variants that are not necessarily 
discovered when WC and WHR are used as the outcomes. The study by Wang et al. 
in 2016, consisted of 2958 subjects in FAt Distribution and diseasE (FADE) cohort 
from Chinese Han populations with refined visceral fat area (VFA) and subcutane-
ous fat area (SFA) imaged by MRI, explored whether ALDH2 variants directly 
imposed effects on visceral fat or subcutaneous fat deposit [35]. They demonstrated 
that rs671 at ALDH2 was associated with visceral fat accumulation specifically. The 
carriers of G allele (highly active ALDH2*1 allele) confers more visceral fat accu-
mulation compared with non-carriers. All of studies mentioned above indicated that 
ALDH2 variants have substantial influence on obesity, especially for visceral fat 
accumulation.

3.3  Subgroup Analysis Stratified by Alcohol Composition

rs671  in ALDH2 was previously demonstrated a robust association with alcohol 
consumption in genetic and functional studies. To evaluate the underlying effect of 
alcohol consumption on the association between ALDH2 variants and obesity- 
related traits, the subgroup analyses were conducted but produced inconsistent 
results (as shown in Table 2). Two studies mentioned above by Wen et al. mainly 
involved a total of 6918 Chinese individuals with data of alcohol consumption avail-
able from Shanghai Genome-Wide Association Studies (SGWAS). The information 
about alcohol consumption was collected using a standard questionnaire. The asso-
ciation of rs671 with BMI was mainly observed among nondrinkers in SGWAS 
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cohort, suggesting an antagonistic effect of alcohol consumption on the ALDH2- 
BMI association. Nonetheless, WC-increasing effect or WHR-increasing effect 
conferred by rs671 G allele failed to be replicated among drinkers or nondrinkers 
separately. In FADE cohort, Wang et al. had access to individual data of alcohol 
consumption among a total of 2937 Chinese Han individuals. Drinkers were defined 
if subjects had ever consumed alcohol in their lifetime including chance drinkers 
(less than three times in every week) and regular drinkers (equal or more than three 
times in every week), whereas nondrinkers were those who never drank in their 
lifetime. The effects of rs671 on BMI, WC, and WHR with or without adjustment of 
BMI were mainly observed among drinkers. More importantly, the effect of ALDH2 
rs671 on VFA and VFA/SFA was also observed among drinkers, indicating associa-
tion of rs671 with obesity-related traits mediated by alcohol consumption. Wang 
et al. also conducted subgroup analysis which draws a distinction between chance 
drinkers and regular drinkers to strengthen their findings. The results showed that 
the nominal associations of ALDH2 variant with WC and VFA after adjustment of 
BMI were restricted to regular drinkers specifically but did not observe associations 
in chance drinkers. The mixed results between SGWAS and FADE study might be 
explained by the difference in study design. Although the definition of alcohol con-
sumption in SGWAS and FADE study was approximately similar, the proportion of 
alcohol consumption was different (drinkers vs nondrinkers = 1:13 in SGWAS and 
2:3 in FADE study). The possibility that BMI- or WC- or WHR-increasing effects 
conferred by rs671 G allele were not observed because of small sample size of 
drinkers in SGWAS cannot be excluded (Table 3).

3.4  Gender Difference

Generally, males have more visceral fat deposit, whereas females have more subcu-
taneous fat deposit before menopause. Taking into account this heterogeneity in fat 
distribution in both genders, the subgroup analyses in males and females were per-
formed separately. The results showed more pronounced associations in males than 
in females, and there is evident heterogeneity in both gender for obesity-related 
traits (Table 4). Additionally, Wang et al. also tested sex difference among drinkers 
and nondrinkers separately. The nominal associations between the ALDH2 variant 
and visceral fat accumulation were restricted to male drinkers specifically, and the 
effects of rs671 in ALDH2 on VFA and SFA revealed a borderline sex-related sig-
nificance among overall drinkers. Note that the male to female ratio was not bal-
anced between drinkers and nondrinkers, that is, both of SGWAS and FADE study 
have more male drinkers than female drinkers. We believe that the statistical power 
of rs671 with central obesity-related traits in female drinkers was inadequate due to 
the relatively small sample size of female drinkers. The studies with comparable 
amount of males and females regarding to alcohol consumption to test whether 
alcohol consumption affect obesity or visceral fat accumulation in a sex-dependent 
manner are warranted.
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3.5  Ethnicity

Varied ancestry populations differed in fat distribution and underlying genetic back-
ground [36, 37]. For a given amount of BMI, Asian populations seem to be prone to 
the accumulation of visceral fat compared to European populations [38]. An indis-
putable fact is that large-scale obesity GWAS that include Asian and other non- 
European populations are more likely to provide insight into different genetic 
architectures and identify evidence for specific causal genes [19, 20]. 12q24 region 
is polymorphic only in East Asians, and it is still unknown to what extent ALDH2 
gene contributed to the risk of visceral fat accumulation among East Asian popula-
tions exactly.

4  A Possible Model for ALDH2-Induced Obesity

The ALDH2 gene encodes the mitochondrial ALDH2, a critical enzyme not only for 
ethanol oxidation during alcohol ingestion but also for several endogenous alde-
hydes such as propionaldehyde, butyraldehyde, and 4-hydroxykenals (4-HNE) 
originated from mitochondrial production of reactive oxygen species (ROS). 
Therefore, two plausible mechanisms have been postulated for the link between 
ALDH2 variants and obesity including ethanol/acetaldehyde metabolism and 
endogenous bioactive aldehyde metabolism.

4.1  Proposed Mechanism One: Ethanol/Acetaldehyde 
Metabolism

ALDH2 encodes a functionally ALDH enzyme subunit that leads to impaired the 
removal of acetaldehyde, a toxic byproduct of ethanol metabolism. The A allele 
(also ALDH2*2 allele), common in 30–50% of individuals of northeast Asian 
descent, is associated with a significantly reduced likelihood of heavy drinking and 
alcohol dependence due to a unpleasant symptoms like flushing, tachycardia, and 
nausea. The physiological and behavioral consequences of alcohol consumption 
serve as an intermediary process between ALDH2 genetics and obesity. In other 
words, rs671 in ALDH2 may influence the obesity and visceral fat accumulation by 
affecting alcohol consumption behavior, with A allele carriers having lower BMI 
and visceral fat depots due to lower alcohol consumption. A similar conclusion was 
drawn from a Mendelian randomization analysis among Korean population regard-
ing rs671 in ALDH2 as an instrumental variable, which indicated the marked posi-
tive effects of alcohol intake (as indexed by the absence of alcohol flushing and the 
ALDH2 rs671 GG genotype) on blood pressure [39].
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Recent evidence indicated that excess drinking was consistently associated with 
weight gain or increased waist circumference, whereas light-to-moderate alcohol 
consumption is not linked to adiposity gain [40–42]. Further, Molenaar et al. [43] 
reported that intake of large amounts of alcohol was associated with decrease of 
subcutaneous adiposity in females and increase of visceral adiposity in males from 
Framingham Offspring Study. A common trend appears to be that it is multifactorial 
and involves cross talk among various organs and tissues.

In food, the energy content is derived from macronutrients (carbohydrate, fat, 
protein, and alcohol). Both of carbohydrate and protein provide 4 kcal per gram and 
fat provides 9 kcal per gram. Alcohol is a calorically dense substance and produces 
7.1 kcal (29 kJ) per gram [44], which should theoretically play a critical role in 
energy balance. The findings about the effects of alcohol-derived energy on body 
mass and fat deposit are debatable. A line of evidence indicates that alcohol-derived 
calorie consumption seems to supplement food-derived energy [45, 46], and indi-
viduals with excessive drinking appear to increase adiposity indices among varied 
populations [47–50]. A diet recall study in 951 healthy males from Koreans, which 
recorded the dietary intake of energy from food and alcohol, showed that total 
energy intake increased with higher alcohol consumption and further observed that 
there was an increase in visceral fat accumulation with either decrease or no change 
in subcutaneous fat accumulation [51]. Another study, however, found that chronic 
and moderate alcohol intake was likely to lead to a decrease in macronutrients 
intake to compensate for ethanol calories [52]. A certain number of studies have 
examined the short-term effect of alcohol consumption on appetite control and feed-
ing behavior. In these studies, alcohol may amplify individuals’ perception of appe-
tite in response to food stimuli but fail to produce sufficient signals on satiety or 
enhance the rewarding effects [53–55]. Besides, several neurotransmitters including 
γ-aminobutyric acid (GABA), opioid and dopaminergic system were considered to 
be vital for motivational effect of alcohol on stimulation of appetite [56, 57]. 
Genomic-based evidence showed that compared to individuals with the GG geno-
type (ALDH2*1/*1 homozygotes), those with the inactive A allele (ALDH2*2) 
reported greater negative alcohol expectancies, and lower risk of alcohol abuse, 
indicating that differences in alcohol metabolism were reported to influence how 
drinking events are experienced, interpreted, and stored in memory in central ner-
vous system [58].

Abundance of data showed that higher amounts of daily alcohol intake were 
positively associated with visceral adiposity [43, 59, 60]. The correlation between 
alcohol intake and fat distribution was likely mediated by plasma androgens at least 
in part or fatty liver, which can result in hepatic insulin resistance and subsequent 
weight gain. Several studies, however, have been rather inconsistent, reporting no 
association between alcohol consumption and visceral fat [61, 62]. Genomic-based 
evidence indicated that ALDH2 variants strongly correlated with obesity, especially 
for visceral fat accumulation. Further studies are required to validate the association 
and get understanding of the mechanism process of ALDH2 which manifested as 
visceral adiposity.
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Moreover, increasing studies showed that excess alcohol consumption were 
often associated with chronic systemic inflammation status and high circulating 
proinflammatory cytokine levels [63–65] as well as high circulating cortisol levels 
[66, 67]. Alcohol intake may enhance cortisol secretion which changed the pattern 
of fat distribution, together with an increase in abdominal and hepatic fat deposition 
and subcutaneous adiposity lipolysis [66].

Obesity is a combination of genetic and environmental factors. These factors 
may act independently or they may interact with each other. Gene-environment 
interaction, in a statistical sense, refers to a situation in which the impacts of genes 
depend on the environment or the impacts of the environment depend on genotype 
[68]. For example, a study found that GNB3 variation interacts with physical activ-
ity to influence obesity. They reported that carriers of 825 T allele in physical active 
group had a 20% lower prevalence of obesity for each additional T allele, while 
those with the same genotype who were not physically active had a 23% greater 
prevalence of obesity [69]. The integration of gene-environment information is cru-
cial to move genomic discoveries in obesity to actual behavioral interventions or 
medications that reduce the burden of obesity. Previous genomic-based evidence 
indicated the association of ALDH2 variants with obesity-related indices, which 
were mediated with alcohol consumption. However, the knowledge on how ALDH2 
and environment interact at a biological level is crucial in fully understanding the 
processes of obesity or visceral fat accumulation but remains unclear currently. 
Research on the advance of a wide range of biological responses (e.g., energy 
intake, appetite control, systemic inflammation, or some hormones) after alcohol 
consumption in the internal environment among individuals with certain genotype 
is needed.

4.2  Proposed Mechanism Two: Endogenous Bioactive 
Aldehyde Metabolism

In the body, several degradation reactions are known to form endogenous acetalde-
hyde during the oxidative stress, many of which are highly reactive and toxic. Apart 
from alcohol metabolism, ALDH2 is also responsible for oxidizing several bioac-
tive aldehydes (i.e., propionaldehyde, butyraldehyde, and 4-HNE). It is suggested 
that ALDH2 could protect against oxidative stress-related diseases such as athero-
sclerosis, tumors, diabetes, and acute lung injury and pulmonary arterial hyperten-
sion [70–72]. Recent evidence indicated that reactive oxygen species (ROS) balance 
was required for the physiology adipocyte function and differentiation. Yu et  al. 
reported that ALDH2 overexpression or ALDH2 agonist Alda1 was correlated with 
adipocyte differentiation, mediated by signaling pathways downstream of peroxi-
some proliferator-activated receptor (PPAR)-γ [72]. As oxidative stress is consoli-
dated in obesity complications such as cardiomyopathy, Wang et al. reported that 
ALDH2 can help preserve high-fat diet-induced obesity cardiomyopathy through a 

C. Hu



151

mechanism related to modulation of autophagy and SUV39H-Sirt1-dependent 
PGC-1α deacetylation [73].

5  Ways Ahead and Conclusions

Great advance has been made through GWAS in different ethnic groups for the 
discovery the susceptibility of obesity. Findings of this research in large-scale 
population- based studies have proven significant to advancing our knowledge of the 
pathways by which obesity development is modulated. Currently, evidence on 
quantifying the role of gene-environment interactions in the development of obesity, 
which are crucial for clinical or public health practice, is still lacking. Along this 
review, we illustrated the available evidence on ALDH2 variants and obesity and 
then proposed a model by which the physiological and behavioral consequences of 
alcohol consumption are considered to be an intermediary process between ALDH2 
genetics and obesity. This integration of ALDH2 variants and environment or per-
sonal behavior is of great value: (1) shedding new light on the role of aldehyde 
dehydrogenases in biology process in humans, (2) improving the integration of cur-
rently uncertain data on alcohol consumption in etiology of obesity, and (3) regarded 
as an important way to understand the functional diversity of the numerous genetic 
polymorphisms for obesity and any other serious, chronic pathologies and ulti-
mately to improve population health.

However, to explore the interpretation of genetic findings to environmental fac-
tors for obesity or fat distribution is currently in the early stage, and much of that 
should be validated. First, to obtain the better assessments of gene-environment 
interactions, alcohol type as well as consumption pattern including frequency and 
amount of alcohol intake should be taken into account in quantitative models. 
Measurement of environmental factors including behavioral and lifestyle factors 
appears to be less certain and complete rather than measurement of the genomics in 
epidemiological studies. Therefore, the advances in genomics on intervention and 
management of obesity will depend on the reliability of evidence obtained from 
epidemiological studies. Second, whether alcohol-derived metabolites per se or 
other endogenous reactive dehydrates play a key role in regulation of obesity should 
be studied since the cytoprotection of ALDH2 is considered to be a prominent func-
tion for a variety of human diseases. Another concern is that the usefulness of 
ALDH2-variants findings should be determined through longitudinal studies or 
intervention studies. Such longitudinal studies in which ALDH2 variants could be of 
predictive value or serve as markers to identify individuals who are at high risk of 
obesity are warranted. Additional research on behavioral interventions targeted to 
subgroups with varied genotypes is needed to understand behavioral responses to 
genetic information. For instance, researchers might as well examine whether health 
guidance based on genetic testing would be more beneficial in framing behavior of 
certain genotype subgroup.
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