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Introduction

Motivation and Objective
A number of factors have been identiﬁed to be related to the food choice decisions and eating behavior, including demographic, economic, social, cultural,
psychological, and sensory factors (Pollard et al., 2002; Shepherd, 2005; Arganini
et al., 2012)
But little is known about whether genetic factors play a role in determining consumer behavior
Lack of accurate predictions of individuals’ food choice for precision public health
and precision nutrition
Objectives:
I

bring together both conventional and novel genetic components to uncover
the determinants of individual food choice

I

develop a two-layer meta-machine learning model to impove predictions of
individual food choice
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Introduction

Why Genetic Factors Could Matter?

. Recent developments in genome-wide association studies (GWAS) have discovered that numerous complex behavioral traits and economic preferences of
human beings have genetic roots at the individual level

1

I

e.g., educational attainment (Lee et al., 2018), income (Hill et al., 2019),
risk attitudes (Linnér et al., 2019), time discounting rates (Sanchez-Roige
et al., 2018), political aﬃliations (Hatemi et al., 2011; Benjamin et al.,
2012)
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Introduction

Why Genetic Factors Could Matter? (cont.)
. There has been increasing evidence on the neurobiological foundation of human beings’ decision-making process and economic choice (Fehr and Rangel,
2011; Krajbich et al., 2014; Smidts et al., 2014; Bossaerts and Murawski,
2015)

1

I

Such evidence suggests that genes that build and govern brain functions
(e.g., brain circuits) may serve as the foundation of humans’ economic
behaviors
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Introduction

Why Genetic Factors Could Matter? (cont.)
. Studies from genetics and nutrition sciences have shown that both genetic
factors encoding certain taste receptors and enzymes involved in metabolic
pathways are relevant to nutrient intake and food consumption

1

I

Calancie et al. (2018) showed that polymorphisms in TAS2R38, a bitter
taste receptor gene, are associated with diﬀerent consumption patterns
of vegetables

.
The integration of conventional behavioral models and novel genetic models will be
promising for advancing our understanding of heterogeneity in humans’ food choice
behavior.
.
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Introduction

Research Design
We investigate the genetic determinants of individual decision making by bridging
conventional behavioral components and novel genetic components in a choice
experiment
I

I

We conducted an online discrete choice experiment (DCE) on alcoholic beverages choice (Dec 2018 - July 2019)
DCE is an experimental design that can elicit true preferences of respondents
by replicating real-life purchasing situations (Lusk et al., 2003; Mangham et
al., 2009)

Based on results of the choice experiment, we predict consumers’ choice of alcoholic beverages by building a two-layer meta-machine learning algorithm (aka.
“stacked generalization” or “stacking”)
I

An ensemble supervised learning method that combines predictions of a set
of single supervised machine learning algorithms and a cross-validation (CV)
design into a multi-level model for optimal prediction performance (Wolpert,
1992; Breiman, 1996; Van der Laan et al., 2007; Naimi and Balzer, 2018)
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Introduction

Research Design (cont.)

8 / 22

Introduction

Research Design (cont.)
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Introduction

Main Results

Genetic factors do contribute to respondents’ decision process of alcohol choice,
BUT they are not the most inﬂuential determinants
I

Feature importance: drinking habits > age/ weight > genetic factors > education/income/ health status

Machine learning algorithms greatly improve the predictive accuracy of consumer
choices relative to that of the conventional multinomial logit (MNL) model
I

Out-of-sample accuracy: from 46.69% to 71.34%
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Introduction

Contributions
Our study is the ﬁrst to provide empirical evidence that genetic factors can contribute to the individual decision-making process of food choice
Our results highlight the advantage and practicability of using a meta-machine
learning algorithm to improve the out-of-sample predictive accuracy
Potential applications:
I
I
I

I

precision public health interventions
precision nutrition (e.g., special vitamin/mineral needs)
personalized diet (e.g., carb/ fat response, lactose/ caﬀeine/ alcohol tolerance)
targeted marketing (e.g., taste perception)
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Data

Data collection

Data
Through collaboration with WeGene, a leading private genetic testing company
in China that provides direct-to-consumer (DTC) genetic testing and personalized healthcare services, we conducted an online choice experiment with WeGene
customers
After providing informed consent, 2,034 participants took our online survey between December 2018 and July 2019
We also collect respondents’ socioeconomic characteristics (e.g. educational attainment, annual income, birth year, birthplace, province of residence), drinking
frequcency, and health conditions
Each respondent: more than 10 millions genetic markers of Single Nucleotide
Polymorphisms (SNPs)
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Data

Discrete choice experiment
Based on results of an online pilot study, we selected three multiple-level attributes
in the DCE:
I
I
I

alcohol type: spirits (baijiu), wine, beer, alcopop
price (5/20/50 per standard drink)
amount (1/2-4/5+ standard drinks)

A D-eﬃcient fractional factorial experimental design with ten choice scenarios is
used to evaluate the participants’preference of alcoholic drinks (Kanninen, 2002)
Each participant is presented with the same 10 choice sets/ scenarios with three
options in each scenario
A total of 1,576 respondents completed the DCE, yields 15,760 observations (1,576
individuals × 10 choice sets)
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Data

Key genetic variants

The aldehyde dehydrogenase 2 gene (ALDH2, rs671): associated with lower alcohol intake
The alcohol dehydrogenase 1B gene (ADH1B, rs1229984): associated with lower
alcohol intake
The taste receptor type 1 member 3 gene (TAS1R3, rs35744813): associated with
perception of sweetness
The taste receptor type 2 member 38 gene (TAS2R38, rs713598): associated with
perception of bitterness
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Methods

Stacking

Machine learning algorithms
Predicting individual choice among multiple products is a multi-class classiﬁcation
task
We developed a two-layer meta-learning algorithm to maximize the prediction
accuracy of participants’ alcohol choice, by integrating both product attributes
and consumer characteristics, including demographic, behavioral (e.g. drinking
frequency), genetic factors, and their interactions
Formally, one can learn the multi-class classiﬁcation model by minimizing the
regularized loss function over a training set containing n observations
min

n
∑

l[f(xi ), yi ] + λR(f)

(1)

i=1
I
I
I

l is a loss function that can measure the quality of function f
R is a regularization term deﬁned over f
λ is a regularization weight that captures the trade-oﬀ between loss minimization and regularization (Bishop, 2006; Moore and DeNero, 2011)
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Methods

Stacking

The stacked generalization framework
We use 3 base models (i.e., random forest, k-nearest neighbors, and extreme
gradient boosting) and one meta-model (i.e., penalized multinomial regression)
I
I

I

Training set: 80% (n = 12,608); test set: 20% (n = 3,152)
Train each of the level-0 models to calculate a predictive class value by
applying the 5-fold cross-validation technique
Feed the ensembled values into the level-1 model to train and compute the
ﬁnal predictions of participants’ alcohol choices

Model performance is evaluated based on predictive accuracies of the test set
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Results

Descriptive analysis

Choice by ALDH2 genotypes
Participants are less likely to choose alcoholic drinks as the number of eﬀect allele
increases from 0 (left, alcohol-tolerant) to 2 (right, alcohol-intolerant)
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Results

Descriptive analysis

Choice by TAS2R38 genotypes
Participants are less likely to choose beer and more likely to choose alcopop as
the number of eﬀect allele increases from 0 (left, bitter non-tasters) to 2 (right,
bitter-taster)
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Results

Predictive accuracy
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Conclusions

Conclusions

We demonstrate that genetic factors can also contribute to the decision process
by using the choice of alcohol drinks as an example
I

First study that provides empirical evidence of diﬀerences in consumer food
choices resulting from variations in genetic proﬁles at the individual level

Our results also highlight the advantage and practicability of using a meta-machine
learning algorithm to substantially improve the out-of-sample predictive accuracy,
shedding light on the possible applications in precision public health intervention,
precision nutrition, and targeted marketing in the near future
Limitations: Young and well educated sample
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