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Abstract
Based on the Theory of Rational Addiction (TORA), this paper uses the China Health
and Nutrition Survey (CHNS) data to identify the correlation between income and
preference for spicy foods. Results show that low-income individuals have a higher
preference for spicy foods compared to high-income people, even in the same
geographic area. Males and young people prefer spicy foods more than females and
the elderly. Instrumental variable (IV) regression results also support that low-income
individuals have a higher preference for spicy foods. The effect-channel results show
that income affects the preference of spicy foods through health behaviors and
health awareness. However, there is no significant evidence to support arguments
about health capital stock and food selection channels.
Keywords: Spicy taste, Rational addiction, Health behaviors, Health awareness

Introduction
Spicy foods are considered a mainstay of dishes in China (Byrnes and Hayes 2013). Sichuan food is the most famous cuisine in China that is characterized by an extremely
spicy taste. Conversely, Guangdong cuisine is rarely spicy. What factor determines individuals’ preference for spicy foods? Sherman and Billing (1999) believe that climate
variation is the main reason, which they call the climate hypothesis. According to Chinese historical records, it was widely accepted that capsicum had the capability to warm
people and was thus used to alleviate the negative influences of moist and chilly climates. Consequently, spicy foods are healthful for residents in the southwest (e.g., Sichuan province) and northeast China, where the climate is moist or chilly. Due to the
warm climate, people do not like spicy foods in southeast China (e.g., Guangdong
province).1
However, evidences from ancient China and other countries around the world do
not support the climate hypothesis. From a historical perspective, in Sichuan province,
spicy foods were not as popular as they are today before the Qing Dynasty (A.D.
1644–1912). In the Tang and Song Dynasties (A.D. 618–1279), locals preferred sweet
foods (Liang 2014). From a global perspective, spicy foods are extremely popular in
India and Mexico (Mathew et al. 2000; López-Carrillo et al. 2003), where the climates
are extremely hot. In northern Europe where the climate is cold, residents prefer
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non-spicy foods. It is worth mentioning that the intensity of the preference for spicy
foods varies (Ahn et al. 2011; Ahn and Ahnert 2013).
Zhou (2014) argues that geographical proximity has a greater influence on dietary
habits (hereafter geography hypothesis). Cultural exchange and integration occur more
frequently between neighborhood areas, which cause similar taste preferences. For example, Sichuan cuisine is the result of cultural exchange and integration. Many residents actually immigrated from Hunan and Guangxi provinces to Sichuan province
during the Qing Dynasty (Wu 2010). The spicy taste is popular in Hunan and Guangxi
and was maintained in Sichuan cuisine since the Qing Dynasty (Liang 2014).
There is a flaw in the geography hypothesis, however. The shift in tastes occurred in
the later Qing Dynasty, more than 100 years after the immigration flows and thus cannot be explained by the geography hypothesis. Based on the Directed Technical Change
Model (Acemoglu 1998; Acemoglu 2002), Liang (2014) gives an explanation of the shift
from an economic perspective. Condiments are the basic factors of production in cooking. The taste preference mainly depends on the most abundant condiment. The abundance of capsicum subsequently changed preferences of taste in Sichuan during the
later Qing Dynasty. This hypothesis is known as the technique hypothesis (Liang 2014).
Whereas all above explanations are given from a macroscopic view, some researchers
explain the formation of individual taste preferences from a microscopic view, e.g., social and cultural backgrounds (Rozin and Schiller 1980; Stevens 1990), repeated exposure to specific tastes (Logue and Smith 1986; Rozin 1990; Ludy and Mattes 2012), a
genetic and physiological basis (Duffy and Bartoshuk 2000; Duffy 2007; Perry et al.
2007; Hayes et al. 2011), and individual personalities (Byrnes and Hayes 2013). Moreover, some researches show that food preference is a natural propensity (Cowart 1981;
Duffy et al. 2009; IFICF 2012). These indicate that individual taste preferences are inherent or formed passively, and people cannot make a deliberate choice. It is the
so-called De Gustibus Non EstDisputandum.2
The above explanations are far from satisfactory. Stigler and Becker (1977) claim that
taste preferences are correlated with social-economic status. They think that personal
social-economic conditions can influence individuals’ behaviors and play an important
role in the formation of taste preferences. Becker and Murphy (1988) develop the theory and propose the Theory of Rational Addiction (TORA). Some facts suggest that income may play a key role in determining individual taste preferences. Firstly, compared
to Nordics, Indians and Mexicans have a lower income level and higher preference for
spicy foods. Secondly, residents have lower per capita income and consume more spicy
foods in China (Table 1). Thirdly, street foods are spicier than foods served in luxury
restaurants.3 However, there are few empirical researches about how income affects
spicy taste preference.
Based on Becker’s theory, this paper uses the China Health and Nutrition Survey
(CHNS) data to identify whether low-income individuals prefer spicy foods more than
high-income people. It aims to provide new supplemental evidence to the TORA and
Becker’s concept “Accounting for Tastes” (Becker and Murphy 1988). Most quantitative
studies on the preference of spicy foods are about medical and health (e.g., RamirezVictoria et al. 2001) and focus on the correlation rather than the causal relationship
(Byrnes and Hayes 2013; Lv et al. 2015).This study uses empirical method to identify
the causal relationship. As previously mentioned in a footnote, there is much debate
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Indexes of the preference for spicy foods

59.0

2.34

3.68

Hunan

29.2

2.29

4.26

Hubei

26.1

4.03

9.32

Beijing

24.7

2.29

4.27

Shanxi

19.9

2.31

3.17

Anhui

17.4

3.25

7.46

Jiangsu

15.9

2.83

5.63

Shandong

13.5

3.79

6.85

Zhejiang

11.5

4.39

9.01

Shanghai

11.2

3.08

5.79

Fujian

8.8

3.31

5.85

Guangdong

It should be noted that the index data and the economic data were collected in the 1970s and 2013 respectively. Since preferences of tastes did not significantly change over the past 30 years, the negative correlation
between economic conditions and the preference for spicy foods should still exist. The data of indexes of the preference for spicy foods is quoted from Lan (2001). The data of per capita GDP and per capita
disposable income is quoted from China Statistical Yearbook 2013

3.25

Per capita GDP/10,000 yuan

Sichuan

Table 1 Economic conditions and indexes of the preference for spicy foods
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about whether low-income populations have a stronger preference for spicy foods, but
the debate lacks detailed examination. Our research will provide empirical evidence to
the question. The results show that low-income residents do have a greater preference
for spicy foods in China. These results remain robust when other potential factors are
controlled. Health behaviors and health awareness are the main reasons that low-income residents prefer spicy foods, and there is no significant evidence indicating that
health capital stock and food selection have the same effect.

Theory and method
Theory

Becker and Murphy (1988) develop a theory of rational addiction in which rationality
means a consistent plan to maximize utility over time. Utility of an individual at any
moment depends on the consumption of two goods, the consumption of non-addictive
goods Y(t) and addictive goods C(t). These goods are distinguished by assuming that
current utility also depends on a measure of past consumption of c but not of y.
The utility function is:
Z

T

U ð0Þ ¼

e−σt U ½Y ðt Þ; C ðt Þ; S ðt Þ dt

ð1Þ

0

where U(0) is the discounted maximized utility in a specific period and σ represents a
constant rate of time preference. In period t, individual utility depends on the consumption of non-addictive goods Y(t), the consumption of addictive goods C(t), and
the total consumption of addictive goods before t S(t). Due to the reinforcement effect,
Ucs, the second derivative of U with respect to C and S, is greater than 0, which means
that the more addictive goods an individual consumed before the greater the margin effect of C(t) will be. Due to the tolerance effect, a rational individual will recognize that
consumption of a harmful good (Us < 0) will have negative effects on utility in the future while consumption of a beneficial good (Us > 0) will have positive effects on utility
in the future. Us is the partial derivative of U with respect to S. The change of S satisfies
Eq. (2):
S_ ðt Þ ¼ S ðt Þ−S ðt−1Þ ¼ C ðt Þ−δS ðt Þ−h½Dðt Þ

ð2Þ

where S_ is the rate of change over time in S and C(t) is the consumption of addictive
goods. The instantaneous depreciation rate δ represents the exogenous rate of disappearance of the physical and mental effects of consumption of C in the past, and
D(t) represents expenditures on endogenous depreciation or appreciation.
Addictive consumption is considered a rational behavior and will definitely be affected by income (Becker and Murphy 1988). In this paper, spicy taste is a kind of addictive goods. To maximize utility over time, a rational agent will choose the optimal
spicy taste based on income. If a spicy food is an inferior good, as income increases demand will decrease, whereas if a spicy food is a normal good, the correlation is difficult
to determine. Since health is a normal good, if the cooking style of spicy foods is unhealthy, the relationship between income and the preference for spicy foods may be
negative. Therefore, the relationship between income and taste is always an empirical
question (Chaloupka 1991).
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Human behavior is not always absolutely rational. Personal cognitive limitations will
limit individual choice. Based on Suranovic et al. (1999), the function including cognitive limitations is shown in Eq. (3):
U t ðS Þ ¼ Bt ðS Þ þ Lt ðS Þ þ C t ðS Þ

ð3Þ

where B represents the current benefit from the addictive taste. L represents the fully
discounted future loss caused by the addictive taste, and C represents the instant adjustment cost for changing the preference for the addictive taste.
For individuals, the loss of utility mainly occurs at or near the end of life and less at
younger ages. Furthermore, when individuals shift from being less addicted to more
addicted (formation of addiction), the instant adjustment cost is approximately 0. In
contrast, when individuals shift from more addicted to less addicted (alleviation of addiction), the instant adjustment cost is significantly greater than 0. Previous research
indicates that spicy taste may be an unhealthy preference taste (e.g., Mathew et al.
2000; Archer and Jones 2002; López-Carrillo et al. 2012). With higher budget constraint, a high-income individual has better health behavior and health awareness and
will avoid choosing spicy food (Dupas 2011). Therefore, health behaviors and health
awareness may influence the preference for spicy foods through income level. This is
discussed in detail in the following channel analysis.
To sum up, according to the TORA, the preference for spicy taste depends on income. For simplification, this paper exams whether income affects intensity of the preference for spicy foods and tests the channel effect of health behaviors and health
awareness on the income-spicy nexus.
Regression model

The regression model is shown as:
0

Tastei ¼ α0 þ α1 Incomei þ X i γ þ μi

ð4Þ

where Tastei represents the intensity of the preference for spicy foods and Incomei represents the individual income. α1 is the regression coefficient of Income, reflecting the
causal relationship between income and the preference for spicy foods. Xi is a set of
control variables, including male, age, race, and so on. μi is the residual.
To identify how income affects the preference for spicy foods through a pathway, the
pathway variable Ci was added into the regression, shown in Eq. (5):
0

Tastei ¼ β0 þ β1 Incomei þ X i γ þ C i η þ εi

ð5Þ

Income can affect the preference for spicy foods through pathway Ci. The absolute
^ ) should be less than the absolute
value of the estimated value of β1 (represented by β
1
^1 ). Moreover, the significance (P
value of the estimated value of α1 (represented by α
value of the regression coefficient of Income) will decrease. According to the method
^ α was calculated, representing the
proposed by Cutler and Lleras-Muney (2010), 1−β=^
proportion of effects directly caused by the pathway variable on the preference for spicy
foods.
The possible channels are shown as follows. Firstly, lifestyles vary among different income groups. In comparison with the low-income individuals, high-income people
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usually have better health behaviors, such as doing more exercise and smoke less
(Dupas 2011). Income may influence the preference for spicy foods via its influence on
health behaviors. Secondly, high-income individuals usually have higher levels of health
awareness and maintain healthy dietary habits (Stanton et al. 2016; Geaney et al. 2015).
Thirdly, as an important human capital, the stock of health capital is positively correlated with income (Ettner 1996; Frijters et al. 2005). Since the preference for spicy foods
is correlated with health, income may be correlated with the preference for spicy foods
via its correlation with health capital stock. Fourthly, income has significant influence
on food selection (Aguiar and Hurst 2005; Ma et al. 2009). Therefore, it is likely that
compared to low-income people, high-income individuals prefer high-quality foods
with less spicy taste.
Instrumental variable

Endogeneity is an unavoidable problem in this study. Firstly, endogeneity is from reverse causality and may have influence on health and thus have indirect influence on
income. Secondly, omitted variables will cause endogeneity (e.g., genetic backgrounds,
personalities, and so on), which may affect both income and taste preferences. Thirdly,
measurement error can also lead to endogeneity. Endogeneity affects the identification
of the relationship between income and the preference for spicy foods.
In order to solve endogeneity, this paper uses the logarithms of per capita house/
apartment values as an instrumental variable represented by Zi. It is correlated with income and independent of taste preferences. Individuals with pleasant personalities may
consume spicy foods more frequently (Byrnes and Hayes 2013). If individuals with
pleasant personalities invest more money in houses/apartments, the instrumental variables will be inappropriate because the exclusion restriction is not satisfied. According
to previous studies, individuals’ genetic backgrounds can influence individual taste preferences (Hayes et al. 2011). If the genetic backgrounds are also correlated with preferences of properties, the instrumental variable will be inappropriate. Furthermore, if
chili peppers are more readily available in low-income neighborhoods compared to
high-income neighborhoods, these instrumental variables will be inappropriate. However, the possibilities of these situations are extremely low. The logarithms of per capita
house/apartment values should satisfy the exclusion restriction and can be an appropriate instrumental variable.
In order to ensure its robustness, this paper also uses Lewbel’s method (Lewbel 2012)
to test the results. X represents the exogenous variables shown in Eq. (4).
~ i γ þ νi
Incomei ¼ α0 þ X

ð6Þ

where X includes age, male, marital status, employment, years of schooling, and other
exogenous variables. Male and marital status are more independent of taste prefer~i
ences. Thus, the two variables are considered exogenous variables, represented by X
4
~
vi is the residual. Both X i and [Zi − E(Zi)] ⋅ vi can be used as instrumental variables.
Based on Lewbel (2012), several conditions should be satisfied in advance. Firstly, Eð
~
X i ui Þ ¼ 0. This means that all exogenous variables should be independent of residuals
in Eqs. (4) and (6). We treat male and marital status as independent from taste preference.5 Secondly, cov(Zi, uivi) = 0. This is the exclusion restriction, which can be satisfied
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by the chosen instrumental variable. Thirdly, covðZ i ; v2i Þ≠0. This condition is relatively
difficult to satisfy because the instrumental variable should simultaneously satisfy the
exclusion restriction and be correlated with v2i .6

Data
The China Health and Nutrition Survey (CHNS) was designed to examine the influences of social and economic transformations in China on individuals’ nutrition, demographics, and health status. The CHNS has released nine waves of data so far (1989,
1991, 1993, 1997, 2000, 2004, 2006, 2009, and 2011). The question related to the preference for spicy foods only appears in wave 2009. The question asks, “What kind of spicy
food do you like?” Three response options, “a little spicy,” “moderate spicy,” and “very
spicy,” were available. In the questionnaire, spicy taste is defined as containing hot pepper. The answer can be the proxy variables of the preference for spicy taste. Based on
the self-reported preference for hot pepper, we define the level of the preference for
spicy foods as the ordinal variable with the highest and lowest equal to three and one
respectively.
In this research, we focus on per capita family income. The logarithms of per capita
house/apartment values are used as the instrumental variable. After dropping missing
samples, 5926 observations remain. Control variables include non-agricultural household registration status; married; male; age; years of schooling; employment; status of
major chronic diseases including hypertension, diabetes, myocardial infarction, apoplexy, and asthma; awareness of the Dietary Guidelines; attitudes toward the priority of
eating a healthy diet; average intakes of nutrients including energy, fat, and protein;
and per capita house/apartment value. Table 2 shows the summary statistics.

Empirical analysis
Preference for spicy foods and income
OLS estimate

The statistical results show that the average of per capita income (log) is 8.63 in the
group with the highest preference for spicy foods. The median preference group and
lowest preference group are 8.826 and 8.864 respectively. Table 3 shows the regression
results of the order logit regression (OLOGIT) (columns (1) and (3)) and the ordinary
least squares (OLS) (columns (2) and (4)). Income has a significant negative effect on
individual spicy taste. After controlling a series of variables, the negative effect is still
robust. This means that the climate hypothesis and the geography hypothesis are inappropriate.7 OLS results show the same income effect. The proxy variable of spicy
taste is not a numerical variable. This paper pays attention to plus or minus of the coefficient and significance level. The OLS results are similar to OLOGIT, and OLS is more
concise than OLOGIT. We only report the OLS results (Angrist and Pischke 2008).8
The results also show that coefficients of agricultural household registration, male,
married, working, and young are significantly positive. This indicates that males and
young people have a higher level of preference for spicy foods than females and the elderly. Compared to Liaoning Province, individuals from Jiangsu, Shandong, Henan,
Hubei, and Guangxi Province prefer less spicy taste, whereas those from Hunan and
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Table 2 Summary statistics
Variables

Means

Std. dev.

Min.

Max.

Level of preference for spicy foods

1.582

0.640

1

3

PCI(log)

8.828

1.256

0

12.612

Household registration status

0.392

0.488

0

1

Marital status

0.843

0.364

0

1

Male

0.503

0.500

0

1

Age

48.559

14.876

17.970

96.210

Years of schooling

7.720

4.190

0

18

Employment

0.886

0.843

0

3

The status of major chronic diseases
Hypertension

0.113

0.317

0

1

Diabetes

0.024

0.152

0

1

Myocardial infarction

0.006

0.080

0

1

Apoplexy

0.011

0.106

0

1

Asthma

0.011

0.105

0

1

Smoking

0.346

0.476

0

1

Attitudes toward body building

2.374

0.987

0

5

Awareness of the Dietary Guideline

0.137

0.344

0

1

Attitudes toward the priority of eating a healthy diet

3.240

0.757

1

5

Average intake of nutrients
Energy/kilocalories

2234.233

1173.583

473.378

54,230.390

Fat/g

78.921

108.474

1.508

5750.521

Protein/g

67.849

25.780

12.059

448.216

Per capita house/apartment worth/yuan

49,959.93

62,719.7

100

800,000

N

5964

Guizhou Province prefer more spicy food. This supports the findings of geographical
preference for spicy food in China (Lan 2001).9

IV estimate

The IV result is shown in Table 4. The first-stage result shows that there is a positive
correlation between income and household value. The weak instruments variable test
shows that the F statistic is 225.137, and p value is 0. This indicates that there is no
weak instruments variable problem. The second-stage results suggest that higher income significantly weakens individuals’ preference for spicy foods, and the coefficient
value is greater than OLS. This means that the results underestimate the income negative effect on spicy taste in OLS. The results are significant at the 10% level, but the p
value is 0.055, which is a little higher than 0.05.
The result of Lewbel’s IV is shown in Table 5. These IVs have stronger predictive power
and are also plausibly excludable based on the tests of overidentification restrictions.
These results also indicate that there is no weak instruments variable. The Hansen J test
does not reject the null hypothesis, which means that all instrumental variables are exogenous. The results show that higher income significantly weakens individuals’ preference for spicy foods both in 2SLS and GMM. The coefficients are − 0.0716 and − 0.0732
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Table 3 Income and spicy preference
(1)

(2)

(3)

OLOGIT

OLS

OLOGIT

(4)
OLS

− 0.0371*** (0.0116) − 0.0216*** (0.00670) − 0.0289** (0.0126)

− 0.0164** (0.00697)

Household
registration status

− 0.103*** (0.0382)

− 0.0541*** (0.0195)

Marital status

0.149*** (0.0440)

0.0754*** (0.0221)

Male

0.232*** (0.0321)

0.120*** (0.0167)

PCI(log)

Age

− 0.00930*** (0.00132) − 0.00479*** (0.000667)

Years of schooling

− 0.00149 (0.00507)

− 0.000934 (0.00257)

0.125* (0.0718)

0.0665* (0.0386)

Locations
Heilongjiang
Jiangsu

− 0.329*** (0.0725)

− 0.163*** (0.0355)

Shandong

− 0.186*** (0.0710)

− 0.0999*** (0.0360)

Henan

− 0.160** (0.0753)

− 0.0832** (0.0385)

Hubei

− 0.182*** (0.0702)

− 0.0951*** (0.0356)

Hunan

0.389*** (0.0630)

0.210*** (0.0340)

Guangxi

− 0.195** (0.0786)

− 0.0986** (0.0396)

Guizhou

0.440*** (0.0620)

0.240*** (0.0334)

Junior worker

0.0939** (0.0387)

0.0454** (0.0201)

Senior worker

0.144** (0.0573)

0.0747** (0.0305)

Employment

Manager

0.279*** (0.0688)

Cons

1.773*** (0.0601)

cut1

− 0.326*** (0.104)

− 0.415*** (0.142)

cut2

1.059*** (0.105)

1.041*** (0.143)

Observations

5964

5964

0.147*** (0.0378)
1.811*** (0.0768)

5964

5964

Standard errors are clustered in the county level (reported in parentheses). Liaoning is considered the reference for
locations. Unemployment is considered the reference for employment
***, **, and * indicate statistical significance at the 1%, 5%, and 10% level respectively

Table 4 Results of instrumental variable

PCI(log)

(1)

(2)

(3)

(4)

Preference for
spicy foods

Logarithm of per
capita family income

Preference
for spicy foods

Preference for
spicy foods

OLS

First stage

IV-2SLS

IV-GMM

− 0.0723* (0.0377)

− 0.0723* (0.0377)

5964

5964

− 0.0164** (0.00697)

PC house worth(log)

0.201*** (0.0134)

F statistics
Observations

225.137
5964

5964

Standard errors are clustered in the county level (reported in parentheses). Other controlled variables are the same as
those shown in column (4) in Table 3
***, **, and * indicate statistical significance at the 1%, 5%, and 10% level respectively
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Table 5 Results of Lewbel’s IV

PCI(log)

(1)

(2)

(3)

(4)

Preference
for spicy foods

Preference
for spicy foods

Preference
for spicy foods

Preference
for spicy foods

OLS

IV

Lewbel-IV-2SLS

Lewbel-IV-GMM

− 0.0164** (0.00697)

− 0.0723* (0.0377)

− 0.0716*** (0.0201)

− 0.0732*** (0.0199)

F statistics

225.137

Hansen
Observations

5964

5964

255.248

255.248

0.120

0.120

5964

5964

Standard errors are clustered in the county level (reported in parentheses)
***, **, and * indicate statistical significance at the 1%, 5%, and 10% level respectively

respectively. This also supports the previous results, which represent the income has
negative effect on spicy taste.

Path analysis
Health behavior

Income is one of the key determinants of health behavior. Healthy behaviors differ significantly among various income groups (Dupas 2011). Mokdad et al. (2004) point out
that the leading causes of death were tobacco (18.1%), poor diet, and physical inactivity
(16.6%) in 2000. High-income and educated individuals smoke less and have a better
lifestyle. Balia and Jones (2011) also note that there is a clear socioeconomic gradient in
smoking initiation and cessation as well as on mortality. Jin and Jones-Smith (2014) indicate that children from lower income families have a less healthy physical fitness status. Individuals with good health habits eat healthier food(less spicy food). Therefore,
we test the influence of health behaviors through whether one smokes and exercises.
Table 6 shows that there is a positive correlation between smoking and preference for
spicy foods. An individual who does exercises prefers less spicy food. This also indicates
that individuals with a healthy lifestyle prefer less spicy foods. Controlling the healthy
behavior variable, the coefficient of income decreases from − 0.0164 (column (4) of
Table 3) to − 0.0155 (column (1) of Table 6), and the p value decreases from 0.020 to
^ α is 5.488%, which means that healthy behavior can explain
0.027. The value of 1−β=^
5.488% of the correlation between income and spicy taste. In column (2), if we drop
some observations with the answer “Does not participate” regarding doing exercises,
the coefficient of income decreases from − 0.0164 to − 0.0145 (column (2) of Table 6),
and healthy behavior can explain 11.585%.

Health awareness

Health awareness is one of the key factors in the income-taste influencing mechanism.
Kenkel (1991) believes that the variation in health awareness causes different health behaviors, and high-SES individuals have a higher level of health awareness. Stanton et al.
(2016) and Geaney et al. (2015) find that there is a significant positive correlation between health awareness and healthy diet. Yoshioka et al. (2004) and Ludy and Mattes
(2011) note that chili intake is closely linked with a healthy diet and eating too much
chili can harm health.
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Table 6 Path analysis (1)
(1)

(2)

(3)

Health
behavior

Health
behavior

Health
Health
awareness capital
stock

(4)

(5)

(6)

(7)

Food
selection

Total

Total

PCI(log)

− 0.0155** − 0.0145** − 0.0155** − 0.0165** − 0.0166**
(0.00700) (0.00709) (0.00697) (0.00699) (0.00702)

− 0.0155**
(0.00706)

− 0.0143**
(0.00714)

Smoking

0.0991***
(0.0223)

0.0966***
(0.0222)

0.0990***
(0.0230)

0.102***
(0.0230)

Attitude toward bodybuilding (Reference: dislike very much)
No attitude

− 0.0668
(0.0543)

− 0.0483
(0.0553)

Dislike

− 0.00483
(0.0365)

0.0659
(0.0433)

0.00468
(0.0375)

0.0568
(0.0436)

Neutral

0.00556
(0.0391)

0.0764*
(0.0457)

0.0209
(0.0400)

0.0734
(0.0459)

Like

− 0.0175
(0.0414)

0.0503
(0.0476)

− 0.000798
(0.0422)

0.0484
(0.0479)

Like very much

− 0.170*
(0.0957)

− 0.101
(0.0982)

− 0.161*
(0.0971)

− 0.116
(0.0987)

0.00883
(0.0254)

0.00951
(0.0263)

Dietary Guideline

0.00693
(0.0253)

Attitude toward the priority of eating a healthy diet (Reference: not important at all)
Not very important

− 0.0188
(0.0761)

− 0.0200
(0.0770)

− 0.0419
(0.0951)

Important

− 0.157**
(0.0663)

− 0.156**
(0.0672)

− 0.189**
(0.0871)

Very important

− 0.183***
(0.0675)

− 0.180***
(0.0685)

− 0.218**
(0.0881)

Most important

− 0.140*
(0.0788)

− 0.127
(0.0803)

− 0.141
(0.0977)

The status of major chronic diseases
Hypertension

0.0323
(0.0278)

0.0376
(0.0278)

0.0427
(0.0287)

Diabetes

0.0136
(0.0499)

0.0181
(0.0500)

0.0260
(0.0512)

Myocardial infarction

0.0990
(0.122)

0.105
(0.123)

0.113
(0.133)

Apoplexy

− 0.123*
(0.0660)

− 0.133**
(0.0655)

− 0.145**
(0.0664)

Asthma

− 0.0158
(0.0812)

− 0.0304
(0.0815)

− 0.0331
(0.0825)

Average intake of nutrients
Energy

0.0000179 0.0000154 0.00000732
(0.0000239) (0.0000237) (0.0000243)

Fat

− 0.000232
(0.000230)

− 0.000200
(0.000227)

− 0.000129
(0.000233)

Protein

0.000243
(0.000489)

0.000277
(0.000485)

0.000409
(0.000498)

Cons
Observations

1.811***
(0.0837)

1.743***
(0.0867)

1.951***
(0.102)

1.816***
(0.0770)

1.773***
(0.0816)

1.910***
(0.108)

1.896***
(0.127)

5964

5604

5964

5964

5964

5964

5604

Standard errors are clustered in the county level (reported in parentheses)
***, **, and * indicate statistical significance at the 1%, 5%, and 10% level respectively
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The CHNS asks respondents whether they know the Dietary Guidelines and “How
important is eating a healthy diet in your life?” There are five responses to the second
question: “Not important at all,” “Not very important,” “Important,” “Very important,”
or “The most important.” Controlling the healthy behavior variable, the coefficient of
income decreases from − 0.0164 (column (4) of Table 3) to − 0.0155 (column (3) of
^ α is 5.488%.
Table 6), and the p value decreases from 0.020 to 0.027. The value of 1−β=^
The results of health behavior and health cognition support the rational addiction
framework with cognitive limitations (Suranovic et al. 1999).

Health capital stock

It is widely accepted that health capital stock can promote an increase in income (Ettner 1996; Frijters et al. 2005). Moreover, it has been noted that eating too much spicy
food will increase health risks. Suffering from disease deteriorates health capital stock.
CHNS includes a disease history question: “Has a doctor ever told you that you suffer
from high blood pressure, diabetes, myocardial infarction, apoplexy, or asthma?”
After controlling the disease variable, we find that there are no significant changes in
coefficient of income (− 0.0164 vs. − 0.0165) and significance level (0.020 vs. 0.018) (see
Table 6). The reason may be that eating spicy food does not directly increase the risks
of these five chronic diseases. Some empirical research indicates that eating too much
spicy food may increase the risk of gastric cancer, but there is insufficient gastric cancer
information in CHNS to examine the effect of eating spicy food.

Food selection

In general, lower-income individuals have access to lower-quality ingredients, thus need
to add more chili to improve the taste of the food (Aguiar and Hurst 2005; Ma et al.
2009). Aguiar and Hurst (2005) find that there is a difference among income groups in
their patterns of nutrient intake. However, CHNS does not provide information about
freshness and quality of ingredients. We cannot directly examine the mechanism of ingredients in the income-taste nexus. Since there is a correlation between nutrients and
ingredients, we therefore examine whether nutrient intake will work in the incometaste nexus. Strauss (1986) and Pitt (1983) find that income is positively correlated with
intakes of energy, protein, and fat. Adrian and Daniel (1976) argue that carbohydrates
are a special energy substance, the consumption of which is correlated with income.
Ma et al. (2009) argue that due to the income effect and the substitution effect of carbohydrates have mutually reversed effects on the consumption of carbohydrates, the
correlation between income and the consumption of carbohydrates can be ambiguous.
They also find that income is positively correlated with consumption of energy, protein,
and fat.10 We therefore exam whether food selection plays a role in the relationship between income and preference for spicy foods.
Table 6 shows that there is no significant change in the coefficient of income and the
significance level after controlling the food selection variable. There is no evidence to
support the idea that income affects the preference for spicy foods via the pathway of
food selection. Even though the data shows that the low-income population has a
higher preference for spicy foods, there is no evidence to support Huang and Isaak
(2015)’s argument.
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Table 7 Path analysis (2)

PCI(log)

(1)

(2)

(3)

(4)

(5)

(6)

OLS

IV

IV

IV

IV

IV

IV

− 0.0164**
(0.00697)

− 0.0723*
(0.0377)

− 0.0676*
(0.0380)

− 0.0634*
(0.0382)

− 0.0731*
(0.0387)

− 0.0710*
(0.0395)

− 0.0537
(0.0393)

√

Health behavior

√
√

Health awareness

√
√

Health capital stock
Food selection
Observations

5964

5964

5964

(7)

5964

5964

√
√

√

5964

5964

Standard errors are clustered in the county level (reported in parentheses)
Note: ***, **, and * indicate statistical significance at the 1%, 5%, and 10% level respectively

Pathway analysis based on IV

The IV channel results show that the absolute values of the income coefficient decrease
^ α are 6.501% and 12.310% reafter controlling health behaviors. The values of 1−β=^
spectively. This means that healthy behaviors can explain 6.501% and 12.310% of income effect. There is no obvious change in the income coefficient after controlling
disease history and nutrient intake. This indicates that the results of OLS are robust.
When controlling all channels of influence variables, the proportion increases to
25.726% (see Table 7).

Conclusion
This paper exams whether income determines individuals’ preference for spicy foods.
Previous researches focus on the preference for spicy foods from a macro perspective,
such as the climate hypothesis, the geography hypothesis, and the technique hypothesis. Others pay attention to social and cultural backgrounds, repeated exposure to specific tastes, genetic and physiological basis, and individual personalities. According to
Stigler and Becker (1977), personal economic conditions can influence individuals’ behaviors and thus play an important role in the formation of taste preferences.
Based on the Theory of Rational Addiction (Becker and Murphy 1988), this paper
finds that income has a significant negative effect on eating spicy food when controlling
a series of demographic characteristic variables, especially regional variables. The results of IV and Lewbel’s IV support the hypothesis that income decreases the propensity
to consume spicy food. Health behaviors and health awareness can explain the
income-taste influencing mechanism. This confirms the rational addiction framework
with cognitive limitations (Suranovic et al. 1999). However, the variables of health capital stock and nutrient intake do not explain why lower-income individuals prefer eating spicy food.
This paper has some limitations. Firstly, due to the lack of more detailed data, it is
impossible to distinguish among different spicy tastes caused by different condiments.
Secondly, semi-quantitative variables are limited in describing the intensity of the preference for spicy food. Thirdly, this study only identifies that lower-income individuals
have a higher preference for spicy food, but does not explain why and how the preference for spicy food is formed.
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Endnotes
1
Generally, the spicy taste of foods is caused by capsaicin. Physiologically, capsaicin promotes energy metabolism, making people consume more energy substances to generate
heat energy. After eating spicy foods, people feel warmer and tend to sweat (Lan 2001).
2
De Gustibus Non EstDisputandum is a Latin proverb that means in matters of taste
there can be no disputes. Stigler and Becker (1977) refute the idea in their influential
paper that uses the proverb as the title.
3
Huang and Isaak (2015) argue that in comparison with high-income individuals,
low-income individuals cook relatively low-quality and low-nutrition food materials for
lower prices. Low-income individuals have to add more chilies to improve the taste,
but high-income individuals do not. After eating foods with spicy taste or non-spicy
taste for a long period of time, people in different income groups form different taste
preferences. This opinion has sparked much debate in China. Some people believe this
explanation is reasonable, whereas others believe not and contend that it is a prejudice
against those who prefer spicy foods.
4
Detailed documentation can be found in Lewbel (2012). The command used in Stata
is “ivreg2h,” which has been discussed by Baum et al. (2012).
5
It is impossible to ensure that an instrumental variable is absolutely independent of
taste preferences. In practice, this restriction can be relaxed partly (Lewbel 2012). For
~i
example, some individual characteristics such as age and employment were used as X
in the Engel curve, and these variables were considered exogenous variables. We have
done an overidentification test to exam the exogeneity. Details on this are given in the
following part of the paper.
6
Even though it is difficult to satisfy all the conditions, Lewbel (2012)’s method is
helpful. Firstly, it may violate the exclusion restriction by using per capita house/apartment worth as the instrumental variable. Lewbel’s method exams the exogeneity of the
per capita house/apartment through the overidentification test. Secondly, the results
are more robust, if Lewbel’s IV is as same IV.
7
Individuals’ hometown information is likely to be more useful than current locations
in regression. However, there is no relevant information in the CHNS database. It
causes bias by immigration.
8
The results are consistent between OLOGIT and OLS.
9
When we control location in city level instead of province level, the result is
still robust.
10
These results are robust, but not the key in our paper. We do not discuss in detail.
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