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Abstract: 

With the family income increasing, the prevalence of overweight has risen and become a 

serious threat to individual health and major challenge for public health in many developing 

countries, especially in the transitional economy of China. From the perspective of food 

consumption, this study attempts to shed light on the effect of family income on adults’ health 

outcomes of BMI and being overweight through three potential channels of nutritional intakes, 

dietary diversity, and dietary knowledge. Using data from the China Health and Nutrition 

Survey (CHNS), the empirical estimations show adults’ BMI and the propensity of being 

overweight tend to increase with rising income in China. After identifying significant 

correlations between family income and potential channels considered, we find that 

approximately 18.0% and 26.2% of total income effect on BMI and overweight could be 

explained by these three channels using a pseudo fixed-effects estimator, respectively. Among 

these three channels, dietary diversity plays the most significant role, accounting for 14.1% 

and 16.4% of total income effect on BMI and overweight. Additionally, we observe that there 

exists a significant heterogeneity in income-BMI gradients across various income quantiles and 

sub-samples; income has higher effect on adults’ health for male and rural samples but it is not 

responsible for female and urban samples. 
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1. Introduction 

Along the path of economic transformation, China’s remarkable progress has important 

implications for the income growth over the past four decades (Brandt et al., 2008). Rising 

income has bestowed many benefits on the household in China, and facilitated poverty 

alleviation regionally and nationally (Zhang and Donaldson, 2008). When incomes rise steadily 

and significantly, large segments of the population will enjoy higher welfare (Tafreschi, 2015); 

individuals with higher incomes can afford better social service including improved health and 

education on health (Goode et al., 2014; Jin et al., 2011).  

However, this economic transformation has not been without cost. Signs are emerging that 

there are already measurable negative effects. Specifically, it has been reported that 39.2% of 

adults in China aged 18 and older have been estimated to be overweight ( Zhou et al., 2017). 

Such trends, of course, pose serious threats to individual health as it increases the risk of non-

communicable disease (Shimokawa, 2013; Tafreschi, 2015). Being overweight and its 

accompanying health consequences also have naturally lead to higher health costs not only for 

the households but also for the whole nation. In the developed countries, it has been well 

documented that the high propensity of individuals to be overweight has become a major 

challenge for public health (Bhattacharya et al., 2011; Cutler et al., 2003; Rosin, 2008; 

Philipson and Posner, 2008; Bleich et al., 2008). Especially, it stresses health care system and 

increase the states expenditures to a large extent (Tafreschi, 2015). The situation is not 

http://xueshu.baidu.com/s?wd=author:(John%20A.%20Donaldson)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
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optimistic in the transition economy of China. On available estimation by Popkin et al. (2006), 

the future health cost of the overweight epidemic (and direct consequences thereof) is 

approaching 9% of China’s GDP by 2025. 

The literature has shown that rising income is associated with some negative health 

outcomes (like higher rates of being overweight), what is much less studied is the exact set of 

channels through which income affects individual’s body mass index (BMI 5 ) and being 

overweight. The understanding of these channels is profound not only for individuals to 

improve their health but also for the policymakers to boost the public health in China, as 

reducing income is not an rational option to reduce the rate of being overweight. It is also 

important to identify which channel is the most important one in transforming income growth 

into being overweight so policymakers can focus on the one that can be changed by policy in 

an effort to allow nations enjoying both higher living standards and better health. 

The international literature has identified several channels that may be associated with both 

rising income and health outcomes of increasing BMI and rate of being overweight. One of the 

most important effects of income growth is to raise the quantities of foods consumed which 

can be measured by nutritional intakes. Generally, nutritional intakes assess the consumption 

of three macronutrients of carbohydrate, fat, and protein (Mendez et al., 2005). It is a 

                                                 
5 BMI is calculated from weight in kilograms divided by the square of the height in meters. 
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conventional belief that low nutritional intakes are consequences of low income. However, the 

literature has not reached a conclusive agreement on the extent that income drives nutrient 

consumptions. For instance, Skoufias et al. (2009) estimate income elasticity for various macro 

and micro nutrients in rural Mexico and find mixed results. They obtain positive income 

elasticities for fat but negative income elasticities for protein for the poorest households, while 

different results are found in China that income tends to raise of nutritional intakes of protein 

and fat but decrease carbohydrate in the past decades (Huang and Gale, 2009). Thus, this needs 

to be reconsidered in analysis of the channels that turn income growth into the increasing BMI 

and the propensity of being overweight. 

Nutritional intakes, however, reveal limited information about diet quality and associated 

health consequences (Doan, 2014), since investigating consumption of calorie or individual 

nutrients can only provide a partial understanding about structural changes in diet quality and 

diet-related issues accompanying the nutrition transition. As a qualitative measure of food 

consumption, some studies have shown that dietary diversity can be used to reflect individuals 

access to a wide variety of foods and is also a good proxy of the nutrient adequacy of the diet 

for individuals (Morseth et al., 2017; Torheim et al., 2004; Vandevijvere et al., 2010). The 

empirical literature on dietary diversity has been consistent in proving positive income effects 

on diet variety. For instance, Moon et al. (2002) find a positive linear income effect on diet 

diversity in Bulgaria, similar result can be find in Germany (Thiele and Weiss, 2003). More 
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recent study by Doan (2014) indicates a significant and positive income effect on dietary 

diversity in China from 2004-2009. Nevertheless, there is rare study having investigated 

whether dietary diversity serves as a channel through which income has influence on adults’ 

health consequences.    

Besides, dietary knowledge is another channel considered to transform rising income into 

increasing BMI and prevalence of overweight. We expect a strong link between the family 

income and dietary knowledge because rising income gives individuals higher possibilities to 

obtain more sources of information regarding nutrition and health, such as dietary knowledge 

(Xie et al., 2003). Individuals with higher incomes would more likely have access to internet, 

podcasts, classes (Zhou et al., 2014), as well as mobile phone which has been investigated to 

significantly improve people’s access to information and dietary quality (Sekabira and Qaim, 

2017). Internationally, improving dietary knowledge has been shown to help people adjust their 

eating habits and exercise behaviour in ways that keep them from becoming overweight 

(Bonaccio et al., 2013; Wagner et al. 2016; Nayga, 2000). As far as we can tell, there is no 

specific study to investigate how income affects individual’s dietary knowledge, which in turn, 

could also affect individuals’ health.  

The overall goal of this study attempts to understand the relationship between rising 

income in China and health outcomes of growth BMI and prevalence of overweight to help 

policymakers formulate policies to dampen this rising public health concern. To achieve this 
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overall goal, we have three specific objectives. First, we examine the relationship between 

income and health outcomes of BMI and being overweight. Second, we seek to understand 

which of the various channels—nutritional intakes, dietary diversity, and dietary knowledge—

are associated with rising income6. Finally, we illustrate how and to which extent the family 

income affects individuals’ health through the potential channels considered by gradually 

decomposing the overall income effect on BMI and being overweight.  

This paper indicates a significant positive adult health and family income gradient for the 

overall sample of adults. Even after controlling for all three channels, the family income still 

has a significant independent effect on adults’ health outcomes, but the magnitude of the 

coefficient for income changes substantially. Overall, these three channels could explain 

approximately 18.0% and 26.2% of total income effect on BMI and being overweight based 

upon a pseudo fixed-effects estimator. Especially, adults’ dietary diversity is the most important 

factor among the three channels, transforming the income effect under the decomposing 

analysis. 

The existing literature of adult’s health, mainly relying on the subjective measure of health 

by using binary or ordered categorical variables fail to meet the request of heterogeneous 

                                                 
6 Besides three channels mentioned in the article, income might also have impact on BMI through many other channels such 

as increased dining out and decreased physical activity, which are regarded as lifestyle changes caused by rising income, while 

in this article we solely focus on food consumption as the research perspective to detect how family income influences health 

through various aspect of food consumption. 
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income gradients. As BMI is continuous in nature, this paper also highlights the heterogeneous 

association between family income and adult’s health using unconditional quantile regression 

(Firpo et al., 2009), considering the panel structure of the data. This type of econometric 

analysis helps identify which subgroups of the adults are likely to improve or worsen the health 

when family income increases or decreases. Additionally, we also examine the possibility of 

heterogeneous income gradients at different parts of the health distribution of adults for gender 

and Hukou7 registration status.  

The results from quantile regression show that, in general, the income effect on health 

tends to increase from lower quantile to higher quantile; the results also demonstrate that family 

income has a significant contribution to BMI and overweight for male and rural subsamples, 

but it is insignificant for female and urban samples.  

In the next section, we introduce our econometric modelling approach. Section 3 gives a 

brief presentation of the data. Section 3 lays out our Section 4 discusses empirical results on 

accounting for the distribution of health. The last section concludes. 

2. Econometric models 

2.1 Benchmark model for the relationship between adult health and family income 

To investigate the relationship between adult health and family income, we start with two 

                                                 
7 The Hukou system was started with the 1958 People’s Republic of China Hukou Registration Regulation, in which each 

citizen was classified in an agricultural or non-agricultural Hukou, commonly referred to as rural or urban Hukou. 
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benchmark models. As aforementioned, BMI is one of the most important indicators measuring 

an individual’s health. It is estimated using the estimation strategy by Goode et al. (2014) as 

follows: 

𝐵𝑀𝐼𝑖𝑡 = 𝛼0 + 𝛽0𝑙𝑜𝑔𝑀𝑖𝑡 + 𝜸𝑿 + 𝜀𝑖𝑡                  (2.1) 

where 𝑀𝑖𝑡 is the family income inflated to 2011, 𝛽0 means that when the income changes by 

1%, the change in BMI . 𝑿 is a vector of control variables, including gender, Hukou, age, age 

squared, working status, education, marital status, as well as equivalent family size8 (Goode 

et al., 2014; Tafreschi, 2015). The vector of 𝑿 also includes the market prices of four main 

food commodities to control for the food market effect: pork, chicken, vegetables, and cereals 

(Shimokawa, 2013). Standard errors are cluster-corrected at province level.  

We employ an additional estimation for being overweight, since its harmful effects have 

been widely documented. The regression follows a Probit model by using an unbalanced panel 

data,      

Pr(𝑂𝑣𝑒𝑟𝑤𝑒𝑖𝑔ℎ𝑡𝑖𝑡 = 1|log𝑀𝑖𝑡, 𝑿) = 𝜃0 + 𝜃1log𝑀𝑖𝑡 + 𝛅𝑿 + ϵ𝑖𝑡       (2.2) 

where the dependent variable indicates whether an individual is overweight. 𝜃1 represents the 

change in the probability of overweight when the income changes by 1%. All control variables 

                                                 
8 Equivalent family size includes constructed from the number of the members who consumed food together in the targeted 

household. Here, the first adult in the family has a weight of 1. Each additional adult aged 14 and over has a weight of 0.5. 

Each child aged under 14 has a weight of 0.3. 
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are the same as in model (2.1).  

Considering the panel structure of our data, models in Equations (2.1) and (2.2) are supposed 

to be estimated using the random-effects (RE). There is a significant assumption when using 

RE estimator that income should not be correlated with any unobserved factors that may also 

influence the outcome variables. However, this assumption is rare to be true in practical, which 

could lead to biased estimates. Following the method proposed by Mundlak (1978) and widely 

used by other researchers (Sekabira and Qaim, 2017), we employ a pseudo fixed-effects 

estimator as an addition compassion to the RE estimates. The main advantage of the Mundlak 

(MK) estimator is that it can control for bias that may arise from unobserved heterogeneity and 

omitted time-varying variables (Cameron and Trivedi, 2005) when including covariate mean 

values as additional explanatory variables in the estimation, thus, we will always estimate 

models in the following sections with both RE and MK estimator.  

2.2 Decomposing the possible channels 

The main goal of this study is to understand the channels through which income affects 

adult health. Based on the existing literature, three potential channels regarding health and 

nutritional aspects are defined as nutritional intakes of carbohydrates, protein, and fat, dietary 

diversity, and dietary knowledge (Behrman and Deolalikar 1988; Nayga 2000; Philipson and 

Posner 1999; Shimokawa 2013; Strauss and Thomas 1995; L. Zhou et al. 2017). We can then 

further measure to which extent these channels are associated with family income. The models 
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are given as following,  

𝑁𝐼𝑖𝑡 = 𝜆1 + 𝜑1𝑘𝑙𝑜𝑔𝑀𝑖𝑡 + 𝜼𝟏𝒌𝑿 + 𝜀1𝑖𝑡                  (2.3) 

𝐷𝐷𝑖𝑡 = 𝜆2 + 𝜑2𝑙𝑜𝑔𝑀𝑖𝑡 + 𝜼𝟐𝑿 + 𝜀2𝑖𝑡                   (2.4) 

        𝐷𝐾𝑖𝑡 = 𝜆3 + 𝜑3𝑙𝑜𝑔𝑀𝑖𝑡 + 𝜼𝟑𝑿 + 𝜀3𝑖𝑡                   (2.5) 

Where 𝑁𝐼𝑖𝑡 , 𝐷𝐷𝑖𝑡  and 𝐷𝐾𝑖𝑡  denote nutritional intakes, dietary diversity, and dietary 

knowledge. The coefficient 𝜑1𝑘  indicates the change in the dependent variable when the 

income changes by 1%. Specifically, nutritional intakes (𝑁𝐼𝑖𝑡)  consist of the three main 

components of carbohydrates, fat, and protein in the log form. In equation (2.3), the subscripts 

of 𝜑1𝑘, 𝑘=1, 2, 3 represent the coefficients for carbohydrates, fat, and protein, respectively. 

Therefore, 𝜑11 , 𝜑12 , and 𝜑13  indicate the percentage point in the consumption of 

carbohydrates, fat, and protein when the income changes by 1%, respectively. Dietary diversity 

(𝐷𝐷𝑖𝑡) is a qualitative measure of food consumption that reflects individuals access to a wide 

variety of foods and is also a proxy of the nutrient adequacy of the diet for individuals. Dietary 

knowledge (𝐷𝐾𝑖𝑡) is measured by a single index. In equation (2.4) and (2.5), the coefficients 

of 𝑙𝑜𝑔𝑀𝑖𝑡 (𝜑2) 𝑎𝑛𝑑 (𝜑3) indicate the change in the dietary diversity and dietary knowledge 

when the income changes by 1%, respectively. All control variables are identical to those in 

model (2.1).  

After identifying a significant correlation between these potential channels and family income, 

the role of nutritional intakes 𝑁𝐼𝑖𝑡 is used as an example to illustrate the decomposing process 
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of the income effect on adult’s health. The nutritional intakes 𝑁𝐼𝑖𝑡 are introduced into our 

benchmark model, as shown below:  

𝐵𝑀𝐼𝑖𝑡 = 𝛼1 + 𝛽1𝑙𝑜𝑔𝑀𝑖𝑡 + 𝜌1𝑁𝐼𝑖𝑡 + 𝛛𝟏𝑿 + 𝜇1𝑖𝑡              (2.6) 

When the coefficient of family income in (2.6) is significantly changed compared with its 

coefficient in benchmark model (2.1), we can distinguish that the overall income effect on 

adult’s health can be decomposed by the correlation for family income and nutritional intakes 

(𝑁𝐼𝑖𝑡) multiplied by the correlation between adult’s health and nutritional intakes (𝑁𝐼𝑖𝑡) and 

added to the unexplained income effect which affects adult health but not through the current 

channel of nutritional intakes. 

𝛽0 = 𝛽1 + 𝜌1
𝑐𝑜𝑣(𝑙𝑜𝑔𝑀𝑖𝑡,𝑁𝐼𝑖𝑡)

𝑣𝑎𝑟(𝑙𝑜𝑔𝑀𝑖𝑡)
+

𝑐𝑜𝑣(𝑙𝑜𝑔𝑀𝑖𝑡,𝜇1𝑖𝑡)

𝑣𝑎𝑟(𝑙𝑜𝑔𝑀𝑖𝑡)
            (2.7) 

Thus, 𝛽0 − 𝛽1 = 𝜌1 ∗ 𝜑1 +
𝑐𝑜𝑣(𝑙𝑜𝑔𝑀𝑖𝑡,𝜇1𝑖𝑡)

𝑣𝑎𝑟(𝑙𝑜𝑔𝑀𝑖𝑡)
. As with the strategy for nutritional intakes 𝑁𝐼𝑖𝑡, 

we decompose the other possible channels by using the estimated coefficients from the models 

below:    

𝐵𝑀𝐼𝑖𝑡 = 𝛼2 + 𝛽2𝑙𝑜𝑔𝑀𝑖𝑡 + 𝜌2𝐷𝐷𝑖𝑡 + 𝛛𝟐𝑿 + 𝜇2𝑖𝑡           (2.8) 

𝐵𝑀𝐼𝑖𝑡 = 𝛼3 + 𝛽3𝑙𝑜𝑔𝑀𝑖𝑡 + 𝜌3𝐷𝐾𝑖𝑡 + 𝛛𝟑𝑿 + 𝜇3𝑖𝑡            (2.9) 

𝐵𝑀𝐼𝑖𝑡 = 𝛼4 + 𝛽4𝑙𝑜𝑔𝑀𝑖𝑡 + 𝜌4𝑁𝐼𝑖𝑡 + 𝜌4𝐷𝐷𝑖𝑡 + 𝛛𝟒𝑿 + 𝜇4𝑖𝑡       (2.10) 

Next, we introduce all three channels into model (2.1): 

𝐵𝑀𝐼𝑖𝑡 = 𝛼′ + 𝛽′𝑙𝑜𝑔𝑀𝑖𝑡 + 𝜌1
′𝑁𝐼𝑖𝑡 + 𝜌2

′𝐷𝐷𝑖𝑡 + 𝜌3
′𝐷𝐾𝑖𝑡 + 𝛛𝑿 + 𝜇𝑖𝑡     (2.11) 

The difference in coefficients of income in models (2.1) and (2.11) can be used to identify 
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how and to which extent income passes through these three potential channels to affect adult 

health. 𝛽′is the unexplained effect of income on health, which might also pass through other 

channels but is not observable in this study. From the perspective of the food consumption, 

growing income might increase the quantities of nutritional intakes and higher scores in the 

dietary diversity, and it might increase the possibility to obtain dietary knowledge, which 

influences consumption behavior accordingly. As aforementioned, it should be noted that there 

are still some other important channels through which income may have an influence on adult 

health, such as through medical treatment, which are beyond the scope of this study. 

In accordance with the decomposition methodology for BMI, we conduct similar 

estimations for overweight to examine how and to which extent income affects the likelihood 

of an adult being overweight through these three-suspected channels. 

2.3 Heterogeneity of the correlation between income and health 

Existing literature mainly focuses on the mean effect of income on health but ignores 

potential heterogeneity in the relationship between adult health and family income, except one 

recent study by Goode et al. (2014) which investigates the relationship between child health 

and family income. Since BMI is a continuous health measure, the unconditional quantile 

regression developed by Firpo et al. (2009) is employed to estimate the heterogeneous income 

effect for adults at various levels of BMI. As stated by Firpo et al. (2009), the unconditional 

quantile regression can be directly applied to evaluate the economic impact of changing the 
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distribution of independent variables on quantiles of the unconditional distribution of the 

dependent variable. The estimation of the heterogeneous relationship between family income 

and adult health can help identify which subgroups of adults are likely to be most sensitive to 

increases in family income. This group would benefit most from governmental income-support 

policies such as subsidies. 

The influence function from the unconditional quantile regression has been broadly used 

to check robustness of the estimation. For each quantile, the influence function IF(Y, 𝑞𝜏) is 

known to be (τ − I(𝑌𝑖𝑡 ≤ 𝑞𝜏))/𝑓𝑌(𝑞𝜏), where 𝑞�̂� is the 𝜏𝑡ℎ  quantile of Y, I is an indicator 

function, and 𝑓𝑌  is the density of the marginal distribution of Y. By adding the influence 

function back into the distributional statistics, the re-centered influence function (RIF) is 

obtained by 𝑞𝜏 + IF(Y, 𝑞𝜏). The RIF for quantiles amounts to a linear approximation of the 

nonlinear quantile function, and it captures the change of quantiles in response to a change in 

the underlying distribution (Firpo et al. 2009). In our study, the dependent variable is BMI. We 

model RIF(𝐵𝑀𝐼𝑖𝑡, 𝑞𝜏) as a function of family income and covariates: 

E[RIF(𝐵𝑀𝐼𝑖𝑡, 𝑞𝜏)|logM𝑖𝑡, 𝑿] = ϑ0𝜏 + 𝜗𝜏𝑙𝑜𝑔𝑀𝑖𝑡 + 𝝎𝑿       （2.12） 

The dependent variable in the regression is RIF(𝐵𝑀𝐼𝑖𝑡, 𝑞𝜏) = 𝑞𝜏 + 𝜏 − 𝐼(𝐵𝑀𝐼𝑖𝑡 ≤

𝑞𝜏)/𝑓𝐵𝑀𝐼(𝑞𝜏) , while RIF(𝐵𝑀𝐼𝑖𝑡, 𝑞𝜏)  is unobservable in practice. Thus, all unknown 

components are replaced with sample estimators in the following function: 

RIF̂(𝐵𝑀𝐼𝑖𝑡, 𝑞�̂�) = 𝑞�̂� + (𝜏 − 𝐼(𝐵𝑀𝐼𝑖𝑡 ≤ 𝑞�̂�))/𝑓𝐵𝑀�̂�(𝑞�̂�)           (2.13) 
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Computation is done by estimating the sample quantile 𝑞�̂� and estimating the density function 

𝑓𝐵𝑀�̂�(𝑞�̂�) at that point of 𝑞�̂�  using kernel methods. From there, a dummy variable 

𝐼(𝐵𝑀𝐼𝑖𝑡 ≤ 𝑞�̂�) is generated, which indicates whether the value of BMI is below 𝑞𝜏. Finally, 

we can simply estimate the model (2.12) by running a random effect model on the estimated 

dependent variable on the covariates. By applying this method, we can readily recover the 

average partial effect of a small location shift of the log of family income on the unconditional 

τ-quantile of BMI. 

3. Data  

The dataset used for this study is from the China Health and Nutrition Survey (CHNS), 

which is an international collaborative project between the National Institute of Nutrition and 

Food Safety at China Center for Disease Control and Prevention and Carolina Population 

Center, the University of North Carolina at Chapel Hill. The CHNS survey is of longitudinal 

nature and includes nine waves in nine provinces and comprised questions on the target 

households, their members, and communities.9 The protocols used during each of the waves 

remained as similar as possible.  

3.1 Samples 

                                                 
9 Nine waves include 1989, 1991, 1993, 1997, 2000, 2004, 2006, 2009 and 2011, in 9 provinces of Guangxi, Hunan, Hubei, 

Henan, Jiangsu, Shandong, Liaoning and Heilongjiang. 
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To fulfill the objectives of this study, three criteria are applied to restrict our sample from 

the CHNS. First, the CHNS survey team only started to collect information on dietary 

knowledge from 2004 onwards. Thus, our analysis only uses data from 2004 and later waves. 

Second, the respondents to questions on dietary knowledge belonged to age cohorts over 12 

years old. To make our results comparable to other studies on adult health, we restrict the 

sample to those aged 18-65 at the time of the survey; children and the elderly outside this range 

are excluded. Third, since BMI does not apply to minors and the elderly, pregnant women, and 

adults suffering from a chronic disease, therefore, these individuals are excluded. Doing so, 

there are 31,414 observations (14,781 individuals) with full information left in the final 

estimations. 

3.2 Variables 

Table 1 presents summary statistics of major dependent and independent variables, 

tabulated by the characteristics of gender and Hukou registration. In this study, two dependent 

variables measuring health are BMI and overweight status. The CHNS survey team conducted 

measures of height and weight, which were used to calculate BMI. The average of BMI is 

23.383 kg/m2 and it is varying across gender and Hukou registration, showing higher values 

for male and urban samples compared with female and rural samples, respectively.  
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In line with the standard proposed by World Health Organization (WHO, 2000)10  for 

Asian people that individuals whose BMI equals 23 or above are defined as overweight, there 

are approximately 51% of 18-65 year-old in our sample are observed to be overweight. In the 

view of various subsamples, this number is roughly 2.1% higher for males than females and 

8.2% higher for those in urban areas than in rural at the statistically significant level. Generally, 

the probability of being overweight calculated in our study is higher than that reported by 

Tafreschi (2015). One possible reason is that their threshold of being overweight is defined as 

having a BMI larger than 25, but this value is according to the WHO procedure for western 

adults. Thus, it may be inappropriate for the Chinese and Asian adults to use that standard, 

given the substantial difference among western adults and Asian adults groups. With the large 

population of China, overweight rates calculated by this method translate to more than 532 

million adults being afflicted by the condition. 

Moreover, the CHNS has surveyed plenty aspects and questions concerning food 

consumption, dietary diversity, and dietary knowledge, encompassing over 1500 food items 

consumed at home or elsewhere. To ensure the data quality, CHNS enumerators recorded food 

consumption during a period of three consecutive days, randomly selected from Monday to 

Sunday, and the measurements were spread over the whole week. Moreover, the CHNS team 

                                                 
10 WHO. Obesity: preventing and managing the global epidemic. Report of a WHO Consultation. WHO Technical Report 

Series 894. Geneva: World Health Organization, 2000. 
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used this information, along with information on the nutritional contents of these food items 

provided by the Chinese Food Nutrition Table (Yang, 2002), to calculate the 3-day average 

intake of three macronutrients. These include carbohydrates (g), fat (g), and protein (g) 

consumed at the individual level11. The descriptive statistics show that the three components 

of nutritional intakes are comparable with other studies, though their standard deviations are 

larger (Shimokawa, 2013). Males and those living in rural areas have higher caloric (kcal) 

intake on average, but their components are different. Those in rural areas consume less protein 

and fat, but more carbohydrates. 

Following FAO (2008)12, dietary diversity score is calculated for 14 food groups13. It takes 

1 when individual consumed one specific food group and takes 0 when there is no consumption 

of this food. In this way, the maximum of the dietary diversity score is 14 when one consumed 

all 14 food groups during the survey period. A greater score suggests a higher propensity to 

consume more food groups and a greater likelihood of meeting micronutrient needs compared 

to lower score. On average, the individual dietary diversity score is 8.715, and it shows 

                                                 
11 Since the calorie intake (kcal) is calculated from three components, we exclude calorie intake in our estimation due to the 

collinearity. During our estimations following, carbohydrates, fat, and protein are consistently used as three indicators for 

nutritional intakes. 

12 FAO. Guidelines for measuring household and individual dietary diversity. 2008. 

13 The 14 groups are cereals, Vitamin A rich vegetables and tubers, white tubers, dark green leafy vegetables, other vegetables, 

Vitamin A rich fruits, other fruits, organ meat (iron rich), flesh meat, eggs, fish, legumes (nuts and seeds), milk and milk 

products, oils and fats (and red palm oil if applicable). 
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significant differences for various subsamples. Female and urban samples tend to have higher 

dietary diversity than male and rural sample do, respectively.   

As aforementioned, CHNS has started to pay attention to dietary knowledge for each 

individual over 12 years old since 2004. Respondents finished a twelve-item quiz on basic 

dietary knowledge, as presented in Table A1. For each question, the respondents chose ‘agree,’ 

‘disagree,’ or ‘unknown.’ Based on the criteria in WHO (1998), we generate an indicator that 

takes the value of 1 for a correct answer, -1 for an incorrect answer, and 0 for ‘unknown,’ and 

construct a summary index of these answers (Shimokawa, 2013). The higher the score, the 

greater the knowledge assigned concerning nutritional intakes. The results show a large 

variation of dietary knowledge between those in urban and rural areas, but the dietary 

knowledge index is statistically insignificant by gender.  

The independent variable of interest is the logarithm form of household per capita income 

at the 2011 price level. Furthermore, the CHNS survey also includes information on a wide 

number of variables, covering individual and family characteristics such as age, marital status, 

educational attainment, employment record, and equivalent family size as aforementioned. 

(Table 1). Other control variables are the logarithm of prices at the community level for four 

food groups, including cereal, pork, chicken, and vegetables, all at the 2011 price level.  

Table 1 to be inserted 

3.3 Correlations between family income and adult health 
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This section examines how adult health indicators of BMI and percentage of overweight 

vary at different family income levels. Table 2 presents correlations between BMI and 

percentage of overweight and the quartile of family income. Both of BMI and percentage of 

being overweight show increasing tendencies along income quartiles, ranging from 23.090 and 

46.66% for first quartile to 23.756 and 56.90% for forth quartile; the same pattern can be 

observed for all subsamples. Overall, we can conclude that there exists a significantly positive 

correlation between BMI (overweight) and income. 

Table 2 to be inserted 

4. Empirical results 

All models in Equation (2.1)-(2.6) and (2.8)-(2.11) are estimated with a random-effects (RE) 

panel estimator. The RE estimator assumes 𝑙𝑜𝑔𝑀𝑖𝑡  are uncorrelated with any unobserved 

farcors that may also influence the outcome variables. However, as individual self-selected into 

income variation activities, this assumption may be violated, which could lead to biased 

estimates. There, in addition to the RE estimates, we also use a pseudo fixed-effects estimator, 

as proposed by Mundlak (1978). The MK estimator includes covariate mean values as 

additional explanatory variables and thus controlling for bias that may arise from time-invariant 

unobserved heterogeneity (Cameron and Trivedi, 2005). Thus, in the rest of the paper, we rely 

on MK estimation to interpret the results.  

4.1 Adult health and family income gradient 
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Following the model (2.1), similar with Tafreschi (2015), we find a significant correlation 

between family income and BMI for the whole sample, as presented in Table 3. MK estimation 

results show a doubling of family income is associated with an average BMI increase of 1.3. 

Considering that the cutoff for being overweight is a BMI of 23, this means that when family 

income doubled, a large proportion of adults faces the risk of becoming overweight. We also 

estimate the extended model of adult health across socioeconomic groups by gender and Hukou 

registration to examine the association between family income and health outcomes. The 

coefficient estimates of family income are also statistically significant for males and those in 

rural areas, and this relationship is especially pronounced for males who see a BMI increase of 

1.4 when their income doubles. However, we have no conclusive results to indicate that income 

has significant effect on BMI for female and these living in urban area.  

Table 3 to be inserted 

Based upon the model (2.2), the Probit estimation results also indicate a significant 

association between family income and the probability of being overweight for the whole 

sample (Table 4). Keeping other variables constant, the marginal effect of family income 

suggests that a doubling of family income will increase the probability of being overweight by 

around 0.6% from the MK estimator. The coefficients are statistically significant for subgroup 

estimations of those in urban areas. This indicates that, when income doubles, the probability 

of being overweight in urban area will increase by 1.3 percentage points from the MK estimator. 
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However, the coefficients of family income are not statistically significant for males, females, 

and those in rural areas from the MK estimator.   

Table 4 to be inserted 

4.2 Decomposition of the possible channels 

The first stage of analysis in the decomposition approach requires estimations of the 

univariate relationships between channel variables and family income (Blanden et al., 2007). 

Specifically, in this study, the first stage in understanding which channels are likely to affect is 

to review which of them has a relationship with family income; without this link, they cannot 

play a role in our explanation. 

Table 5 provides the results from regressions of potential channels on family income, 

following the econometric model (2.3) -(2.5). They are conditional on other control variables 

as in the regression of health and family income gradient. With the exception of carbohydrates, 

all of the other variables in the measures of nutritional intakes are strongly and positively 

related to family income, which is similar to the study by Huang and Gale (2009). Our results 

show that wealthier adults are more likely to consume fat and protein and they tend to have 

higher dietary diversity score and more dietary knowledge. Specifically, with one percent of 

income increase, the quantities of fat and protein would increase 1.1% and 0.9% according to 

the estimation results from the MK estimator.  

In order to detect to which extent these channels have effect on adults’ health through 
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family income, we employ the models through (2.8)- (2.10). Three channel variables are 

introduced in the model gradually, and the estimation results for BMI and overweight are 

presented in Table 6 and Table 7, respectively. 

Table 6 to be inserted 

Regarding the effects of three potential channels on BMI as presented in Table 6, it is apparent 

that all of them have significant effect on BMI no matter using the RE or MK estimators. 

Specifically, carbohydrates consumption tends to decrease adults BMI, while fat and protein 

are strong predictors of BMI. One percentage of fat or protein is associated with approximately 

0.0151 and 0.1956 increase in BMI from the MK model in column (8). The dietary diversity 

shows a positive association with BMI, and one-point increase in dietary diversity could drive 

0.0343 growth in BMI as shown in column (9). Similarly, the dietary knowledge index has a 

statistically significant impact on BMI, with a 0.0099 increase in BMI for each unit increase in 

dietary knowledge seen column (10).  

Looking at the coefficient of income across different model specifications from the MK 

estimator shown in Table 6, column (8)-column (10) indicate that nutritional intake, dietary 

diversity and dietary knowledge can explain 0.0011 points (8.6%) , 0.0018 points (14.1%) and 

0.0001 (0.8%) of the coefficient of income in the BMI estimation. After controlling for both 

nutritional intake and dietary diversity in column (11), we find that the coefficients of these 

variables change slightly compared with column (9), but the significance levels remain 
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unchanged. In total, the amount accounted for income effect on BMI from these three channels 

is approximately 18.0%. These changes might due to the effect of dietary diversity on 

nutritional intakes, since there exists significant the correlation between dietary diversity and 

nutritional intakes (Shimokawa 2013; Zhou et al. 2017). The similar explanation can be used 

for coefficients changes in dietary diversity and nutritional intakes when introducing dietary 

knowledge in the estimation as shown in column (12). Similar results can be found from the 

RE estimator, overall, more than 26% of the income effect on BMI can be explained when all 

transmission variables are included. 

Table 7 to be inserted 

When looking at the estimates for overweight based upon the MK estimator, all potential 

channels are highly correlated with being overweight, as shown in in Table 7. When solely 

introducing the nutritional intakes in column (8), fat and protein are likely to increase the 

probability to be overweight, although the coefficient of fat shows insignificant. On the 

contrary, carbohydrates tend to decrease the likelihood of being overweight. This may suggest 

that a shift of the Chinese diet from cereals to animal products would give rise to the prevalence 

of overweight in China (Batis et al., 2014; Du et al., 2004). A significantly positive effect of 

dietary diversity on overweight is shown in column (9), which implies that individuals with 

higher dietary diversity are more likely to be overweight. Surprisingly, as shown in column 

(10), dietary knowledge has a significantly positive relationship with overweight, indicating a 
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one-unit increase in the index of the dietary knowledge results in about a 0.74% higher 

probability of being overweight. When gradually controlling these three channels as in column 

(11) and (12), we find that the coefficients of these variables change slightly. Similar to the 

explanation for BMI, these changes might due to the correlations among these three channels. 

Similar results can be found using the RE estimator, but the magnitudes of all coefficients are 

changed to different extent. 

Regarding the coefficient of income in estimations for overweight from the MK estimator as 

presented on the right side of Table 7, it shows that nutritional intakes and dietary diversity 

may explain identical point (0.001) of the income coefficient, accounting for 16.4% of total 

income effect on overweight as shown in columns (8) and (9), respectively. However, income 

could barely affect overweight through dietary knowledge, as the coefficient of income is 

changed slightly in column (10) compared with column (7). With the inclusion of nutritional 

intake and dietary diversity in column (11), the total amount accounts for an increase of 24.6%. 

When including all transmission variables, approximately 26.2% of the income effect on 

overweight could be explained through the possible channels studied. 

4.3 Heterogeneity of the correlation between income and health 

To check for heterogeneity of the income gradient on adult health, we apply the 

unconditional quantile regression as specified in the model (2.13) at various percentiles (the 

5th, 25th, 45th, 60th, 75th, and 90th percentiles) of the BMI distribution. This allows us to easily 
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examine the income effect on health at various amounts of nutrition14. The different sub-sample 

specifications are also investigated by gender, as well as by Hukou registration. The estimation 

results are presented in Table 8. 

Table 8 to be inserted 

The results indicate there exists significant heterogeneity in the income effect on adult’s 

health at various levels of the BMI distribution. Substantial differences in the income effect on 

adult’s health across various sample specifications are also observed. Starting with the 

estimations for the entire sample, the results from model row (1), without including the three 

channel variables, show that the effect of income on adult health is positive and tends to 

increase until 45th percentile and then decrease afterwards. This result implies that, keeping 

height constant, adults with higher BMI will gain more weight with each increase in family 

income. However, there is no significant relationship between income and BMI at the lowest 

tail of income distribution. Therefore, any policy designed to improve the health of 

malnourished adults, especially those below the 5th percentile, needs to consider increasing 

their income vigorously. Family income seems to realize its health benefits only when it 

                                                 

14 We estimate our sample for stated six quantiles because adults under 5th percentile are malnourished, above 

60th percentile are overweight, and above 90th are obese. 
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increases to a certain level, otherwise, this benefit will be discounted. After controlling for all 

three channels in row (2), the magnitude of the family income estimates become smaller. Most 

are insignificant, except for the income effect at the 5th and 25th percentile, suggesting that 

family income generally has no independent and significant effect on BMI when controlling 

for these channels. Surprisingly, income shows significantly negative effect on BMI for these 

malnourished adults, which might suggest that an increasing in family income is at the cost of 

worsening health condition for these people.  

Looking at the income gradient by gender in Table 8, it is statistically significant for males, 

indicating that a doubling of family income gives rise to an increase of 3.1 increase in BMI. It 

also shows a significant heterogeneous income gradient across income quantiles. Similar to the 

pooled sample, the income effect on BMI generally increases with higher income quantiles up 

to 45th percentiles and then dresses. This effect tends to be weaker for most income quantiles 

when controlling for the nutritional intakes, dietary knowledge and health insurance. In total, 

these three channels explain approximately 22.6% of the income effect on health for males. 

However, no significant income effect can be found for female BMI. This result suggests that 

income is not the main determinant of female BMI. 

The comparison between rural and urban groups are presented at the bottom of Table 8. 

Income seems to have a higher effect on BMI in rural residents, while it has no significant 

effect on BMI for urban sample except for 45th quantiles. A doubling of family income is 
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associated with an increase of 0.024 in BMI for rural residents. The income gradients show an 

increasing trend from lower income quantiles to higher income quantiles for rural sample. After 

controlling for the three potential channels, the income gradient is still significant for samples 

at the two tails of the 5th and 90th quantiles. This implies that being overweight becomes more 

prevalence in the rural areas with growing income, especially for these rich people. However, 

the health condition tends to be worsen for these malnourished adults even with income 

increasing. The same explanation as before, higher income is at the cost of bad health, this is 

more severe for these lower income people.  

In conclusion, significant heterogeneity across various income quantile and sub-samples 

is detected from the quantile estimations. The findings suggest that male and rural groups 

witness higher income effects on their health, while income seemingly does not affect adults’ 

BMI for female and urban. 

5. Conclusion 

With the substantial increase in family income, the prevalence of overweight has risen and 

become a serious threat to individual health and major challenge for public health in transitional 

economy of China. This study attempts to shed light on the effect of family income on adults’ 

health outcomes of BMI and overweight through the potential channels of nutritional intakes, 

dietary diversity, and dietary knowledge. The data is drawn from the China Health and 

Nutrition Survey (CHNS) covering the period of 2004, 2006, 2009, and 2011.  
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The estimation results show that family income is highly associated with these potential 

channels considered. Precisely, an increase of family income improves the nutritional 

components of protein and fat intakes, while it is negatively correlated with carbohydrate intake. 

This result is consistent with the findings in other studies that people from higher income 

families are more likely to have more calories intake through the intakes of protein and fat from 

meat and milk products, but less carbohydrate from cereal foods (Huang and Gale, 2009; 

Ogundari and Abdulai, 2013). People with higher income are likely to have higher diversity of 

foods consumed. Income also has a significantly positive correlation with dietary knowledge 

as expected, since adults are more conscious of health and have a higher availability of health 

information with increasing income (Binkley, 2010; Sekabira and Qaim, 2017).  

To investigate the effect of income on health, we conduct the estimations for BMI, 

overweight, respectively. The results indicate that there exists a significantly positive 

correlation between adult’s BMI, overweight and family income. For further illustration of the 

channels through which family income might affect adult’s health, the suspected channels are 

gradually introduced to examine the changes in the coefficient of family income. Overall, these 

three channels could explain approximately 18.0% and 26.2% of the total income effect on 

BMI and being overweight from a pseudo fixed-effects estimator. In particular, dietary 

diversity is the most important factors among the three channels as the coefficient of family 

income is changed to the largest extent, and it contributes to approximately 14.1% and 16.4% 
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of the total income effect on BMI and overweight, respectively. However, it should be noted 

that unexplained income effect might affect adult’s health through other channels not 

considered in our empirical model due to the data constraint, to some extent, this study provides 

a first example for the future research on investigating the mechanism of income effect on 

adult’s health through other channels. 

To check the heterogeneity of income effect on adults’ health, we conduct the 

unconditional quantile estimations across different sample specifications for gender and Hukou 

registration, as well as for the various income percentiles. The results from quantile regressions 

for BMI show that income on health first increase and then decreases from lower quantile to 

higher quantile but always shows a positive sign, implying that BMI tends to increase with 

income growth but at various rate for different income quantiles. For the sub-samples, family 

income has a significant contribution to BMI for male and rural subsamples, but it has no 

significant effect for female and urban samples. 

According to our estimation results, profound policy implications are drawn in twofold. 

First, income is still the main factor affecting adults’ health and nutrition in transition economy 

of China. Unlike in developed countries that higher income classes are less likely to have 

unhealthy food consumption and health related problems (Binkley, 2010), rising family income 

in China not only tends to increase nutritional intakes of protein and fat intake but also results 
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in the prevalence of health issues from over-nutrition dramatically. Second, family income 

could promote adult’s dietary diversity and dietary knowledge significantly, but it might not be 

an efficient method to address adult’s health issue as health knowledge has an unexpectedly 

positive effect on BMI and being overweight. Shimokawa (2013) indicates that the dietary 

knowledge only largely affect the quantity and quality of food consumed among overweight 

and non-overweight adults, respectively. As suggested by Nayga (2000), the most effective 

method of health education might need to highlight the disease element of poor dietary habits 

and health. 

Our study also has several limitations, for instance, we only focus on the association 

between family income and health, which might be biased due to the endogeneity of income. 

Although it is convincing and conclusive to investigate the channels through which income has 

relation with adults’ health, the future study is required to address the potential endogeneity of 

income in health estimation. 
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Table(s) 

Table 1. Definition and descriptive statistics of selected key variables. 

Variables Variables Definition 

All  Male Female 
Mean 

Difference 
 Urban Rural 

Mean 

Difference 

(1)  (2) (3) (2) - (3)  (4) (5) (4) - (5) 

Mean  Mean Mean   Mean Mean  

(S.D.)  (S.D.) (S.D.)   (S.D.) (S.D.)  

Dependent Variables           

BMI Body mass index (kg/m2) 23.383  23.431 23.340 0.093*  23.676 23.164 0.512*** 

  (3.321)  (3.253) (3.381)   (3.305) (3.316)  

Overweight 1=If BMI>=23; 0=Otherwise 0.510  0.521 0.500 0.021**  0.557 0.475 0.082*** 

  (0.500)  (0.500) (0.500)   (0.497) (0.499)  

Independent Variables           

LogM 
Natural logarithm of per capita family income (Yuan) inflated 

to 2011 
8.715  8.735 8.697 0.038*  9.077 8.444 0.632*** 

  (1.959)  (1.976) (1.952)   (1.922) (1.943)  

Nutritional Intakes (NI):           

Log(Carbohydrate) Natural logarithm of 3-Day Ave: Carbohydrate (g) 5.620  5.701 5.546 0.155***  5.509 5.703 -0.194*** 

  (0.373)  (0.360) (0.369)   (0.362) (0.359)  

Log(Fat) Natural logarithm of 3-Day Ave: Fat (g) 4.156  4.226 4.093 0.133***  4.250 4.086 0.165*** 

  (0.540)  (0.535) (0.537)   (0.501) (0.558)  

Log(Protein) Natural logarithm of 3-Day Ave: Protein (g) 4.141  4.221 4.068 0.152***  4.174 4.116 0.059*** 

  (0.332)  (0.317) (0.328)   (0.327) (0.333)  

Dietary Diversity (DD):           

DD Individual dietary diversity score 8.748  8.720 8.773 -0.52*  9.579 8.126 1.453*** 

  (2.070)  (2.024) (2.112)   (1.776) (2.057)  

Dietary Knowledge (DK):          

DK Dietary knowledge index 6.276  6.274 6.278 -0.044  6.902 5.807 1.096*** 

  (3.627)  (3.615) (3.639)   (3.515) (3.639)  

Gender 1=Male; 0=Female 0.476      0.487 0.469 0.018** 

  (0.499)      (0.500) (0.499)  



Hukou 1=Urban; 0=Rural 0.428  0.438 0.420 0.018**     

  (0.495)  (0.496) (0.494)      

Age Years 45.325  45.266 45.379 -0.112  45.554 45.154 0.400** 

  (11.727)  (11.945) (11.526)   (11.732) (11.721)  

Working status 1=Yes; 0=No 0.679  0.769 0.596 0.172***  0.587 0.747 -0.160*** 

  (0.467)  (0.422) (0.491)   (0.492) (0.435)  

Education 

6=Master or above; 5=College or university; 4=Vocational 

education; 3=High school; 2=Junior high school; 

1=Elementary school; 0=Illiterate 

1.881  2.079 1.700 0.379***  2.464 1.444 1.020*** 

  (1.151)  (1.059) (1.200)   (1.086) (0.994)  

Marital status 
1=Married with companion; 0=Unmarried or married without 

companion 
0.874  0.863 0.885 -0.022***  0.854 0.890 0.036*** 

  (0.332)  (0.344) (0.319)   (0.353) (0.313)  

Family sizeb Household members  2.575  2.569 2.581 -0.012  2.325 2.762 -0.437*** 

  (0.823)  (0.812) (0.833)   (0.704) (0.855)  

Chicken  Price of chicken at community level (Yuan/Jinc) 19.277  19.294 19.262 0.032  18.738 19.681 -0.943*** 

  (6.944)  (6.940) (6.949)   (6.458)  (7.262)  

Pork Price of pork at community level (Yuan/Jinc) 24.329  24.293 24.361 -0.068  23.935 24.624 -0.689*** 

  (6.437)  (6.414) (6.458)   (6.204) (6.591)  

Vegetables  Price of vegetables at community level (Yuan/Jinc) 2.690  2.683 2.697 -0.014  2.747  2.648 0.099*** 

  (0.965)  (0.959) (0.971)   (0.988) (0.945)  

Cereals Price of cereals at community level (Yuan/Jinc) 4.5464  4.549 4.544 0.004  4.557 4.538 0.019 

  (1.166)  (1.164) (1.168)   (1.052) (1.153)  

Observations  31414  14966 16488   13454 17960  

No. of individuals  14781  7120 7661   7682 8041  

Note: a. New agricultural cooperative medical insurance. b. The first adult in the household has a weight of 1. Each additional adult aged 14 and over has a weight of 0.5. Each child 

aged under 14 has a weight of 0.3. c. 1 Jin=0.5kg. 

Source: Author's calculation using the CHNS data (2004-2011). 

 

 

 

 



Table 2. Descriptive statistics of BMI and Overweight cross various income quartiles and their correlations. 

  All  Male  Female  Urban  Rural 

  BMI Overweight  BMI Overweight  BMI Overweight  BMI Overweight  BMI Overweight 

Income quartile  First 23.090 46.66%  22.875 44.17%  23.267 48.71%  23.427 52.39%  22.976 44.68% 

 Second 23.167 48.15%  23.061 49.93%  23.267 49.19%  23.755 55.80%  22.945 44.71% 

 Third 23.520 52.20%  23.683 49.78%  23.405 50.45%  23.749 56.64%  23.200 48.08% 

 Fourth 23.756 56.90%  24.106 48.50%  23.418 51.63%  23.772 57.85%  23.535 52.37% 

Corr(LogM, BMI)  0.059*   0.115***   -0.002   0.043   0.029  

Corr(LogM, 

Overweight) 
  0.022***   0.043***   0.004   0.022**   0.009 

Note: * p<0.10, ** p<0.05, *** p<0.010 

Source: Author's calculation using the CHNS data (2004-2011). 

 

 



Table 3. Correlation between per capita family income and BMI using panel data. 

Subsample All  Male  Female  Urban  Rural 

 RE MK  RE MK  RE MK  RE MK  RE MK 

LogM 0.022*** 0.013***  0.031*** 0.014**  0.010 0.009  0.010 0.004  0.024*** 0.015*** 

 (0.01) (0.00)  (0.01) (0.01)  (0.01) (0.01)  (0.02) (0.01)  (0.00) (0.01) 

Gender 0.216**         0.625***   -0.196*  

 (0.09)         (0.11)   (0.12)  

Hukou 0.195*** -0.051  0.331*** -0.108***  0.071 0.006       

 (0.06) (0.05)  (0.07) (0.04)  (0.09) (0.07)       

Age 0.260*** 0.259***  0.242*** 0.320***  0.267*** 0.196***  0.242*** 0.220***  0.278*** 0.281*** 

 (0.01) (0.02)  (0.02) (0.04)  (0.02) (0.02)  (0.01) (0.02)  (0.02) (0.04) 

Age2 -0.002*** -0.002***  -0.002*** -0.003***  -0.002*** -0.001***  -0.002*** -0.002***  -0.003*** -0.002*** 

 (0.00) (0.00)  (0.00) (0.00)  (0.00) (0.00)  (0.00) (0.00)  (0.00) (0.00) 

Working status -0.112** -0.035  0.002 0.008  -0.178*** -0.069  -0.023 0.025  -0.154** -0.087 

 (0.05) (0.05)  (0.04) (0.05)  (0.06) (0.05)  (0.04) (0.06)  (0.07) (0.08) 

Education 0.008 -0.026  0.160*** -0.031  -0.096** -0.021  -0.108** -0.096*  0.055 0.023 

 (0.03) (0.02)  (0.04) (0.05)  (0.04) (0.04)  (0.05) (0.05)  (0.04) (0.03) 

Marital status 0.228*** 0.049  0.319*** 0.075  0.215*** -0.038  0.295*** 0.174**  0.160 -0.040 

 (0.08) (0.08)  (0.11) (0.11)  (0.08) (0.07)  (0.10) (0.08)  (0.12) (0.11) 

Family size 0.011 0.065**  -0.012 0.028  0.028 0.090**  0.017 0.123***  0.018 0.042 

 (0.04) (0.03)  (0.05) (0.04)  (0.04) (0.04)  (0.04) (0.04)  (0.05) (0.04) 

Chicken  -0.024*** -0.008  -0.030*** -0.010*  -0.018** -0.006  -0.026** -0.015*  -0.025*** -0.006 

 (0.01) (0.01)  (0.01) (0.01)  (0.01) (0.01)  (0.01) (0.01)  (0.01) (0.01) 

Pork 0.024*** 0.012***  0.024*** 0.011**  0.024*** 0.014***  0.022*** 0.013**  0.026*** 0.011** 

 (0.00) (0.00)  (0.01) (0.00)  (0.00) (0.00)  (0.00) (0.00)  (0.00) (0.00) 

Vegetables  0.020 -0.019  0.059 -0.021  -0.015 -0.017  -0.060 -0.032  0.074* -0.016 

 (0.04) (0.03)  (0.04) (0.03)  (0.05) (0.04)  (0.05) (0.05)  (0.04) (0.03) 

Cereals 0.016 0.030  0.084*** 0.061  -0.045 0.001  -0.016 0.053  0.042 0.031 

 (0.03) (0.03)  (0.03) (0.04)  (0.03) (0.04)  (0.04) (0.05)  (0.03) (0.04) 



Mundlak mean values               

Hukou  0.523***   0.822***   0.211   0.615***   0.725** 

  (0.10)   (0.12)   (0.14)   (0.22)   (0.35) 

Age  0.041   -0.094**   0.144***   0.009   0.080** 

  (0.03)   (0.04)   (0.04)   (0.04)   (0.04) 

Age2  -0.001***   0.000   -0.002***   0.000   -0.002*** 

  (0.00)   (0.00)   (0.00)   (0.00)   (0.00) 

Working status  -0.407***   -0.054   -0.711***   -0.043   -0.546*** 

  (0.09)   (0.15)   (0.12)   (0.14)   (0.10) 

Education  -0.024   0.293***   -0.233***   -0.032   -0.020 

  (0.05)   (0.07)   (0.06)   (0.07)   (0.08) 

Marital status  0.473***   0.776***   0.471***   0.269   0.490*** 

  (0.14)   (0.19)   (0.15)   (0.17)   (0.18) 

Family size  -0.140*   -0.104   -0.163**   -0.167*   -0.118 

  (0.07)   (0.09)   (0.07)   (0.09)   (0.09) 

Chicken   -0.069***   -0.084***   -0.056***   -0.038**   -0.084*** 

  (0.01)   (0.01)   (0.01)   (0.02)   (0.01) 

Pork  0.052***   0.049***   0.054***   0.046**   0.062*** 

  (0.01)   (0.01)   (0.01)   (0.02)   (0.02) 

Vegetables   -0.041   -0.016   -0.068   -0.119   0.026 

  (0.13)   (0.11)   (0.16)   (0.12)   (0.15) 

Cereals  -0.087   -0.031   -0.111   -0.131   -0.118 

  (0.09)   (0.13)   (0.08)   (0.09)   (0.10) 

Observations 31414 31414  14966 14966  16448 16448  13454 13454  17960 17960 

No. of individuals 14781 14781  7120 7120  7661 7661  7682 7682  8041 8041 

Note: Coefficients are presented with standard errors in parentheses. Standard errors are cluster-corrected at province level. RE refers to random-effects estimator, and MK refers to Mundlak 

estimator. 

Source: Author's estimation using the CHNS data (2004-2011). 

* p<0.10, ** p<0.05, *** p<0.010 



Table 4. Correlation between per capita family income and Overweight using panel data. 

Subsample All  Male  Female  Urban  Rural 

 RE MK  RE MK  RE MK  RE MK  RE MK 

LogM 0.010*** 0.006**  0.011** 0.005  0.007 0.006  0.017*** 0.013**  0.005 0.001 

 (0.00) (0.00)  (0.00) (0.01)  (0.00) (0.00)  (0.01) (0.01)  (0.00) (0.00) 

Gender 0.115*** 0.015        0.261***   -0.050  

 (0.03) (0.02)        (0.03)   (0.04)  

Hukou 0.132*** 0.120***  0.204*** 0.008  0.054* 0.023       

 (0.03) (0.02)  (0.03) (0.03)  (0.03) (0.03)       

Age 0.113*** -0.001***  0.095*** 0.146***  0.120*** 0.094***  0.106*** 0.121***  0.115*** 0.117*** 

 (0.01) (0.00)  (0.01) (0.03)  (0.01) (0.01)  (0.01) (0.01)  (0.01) (0.02) 

Age2 -0.001*** -0.027  -0.001*** -0.001***  -0.001*** -0.001***  -0.001*** -0.001***  -0.001*** -0.001*** 

 (0.00) (0.02)  (0.00) (0.00)  (0.00) (0.00)  (0.00) (0.00)  (0.00) (0.00) 

Working status -0.070*** -0.017  0.005 -0.001  -0.115*** -0.047**  -0.040* -0.030  -0.077*** -0.028 

 (0.02) (0.02)  (0.02) (0.02)  (0.02) (0.02)  (0.02) (0.03)  (0.03) (0.03) 

Education 0.007 -0.053  0.088*** -0.021  -0.047** -0.013  -0.022 -0.025  0.021 -0.011 

 (0.02) (0.05)  (0.02) (0.02)  (0.02) (0.03)  (0.02) (0.02)  (0.02) (0.02) 

Marital status 0.093** 0.013  0.126** -0.080  0.113** -0.051  0.077 -0.022  0.080 -0.075 

 (0.04) (0.02)  (0.05) (0.08)  (0.05) (0.06)  (0.06) (0.06)  (0.06) (0.08) 

Family size -0.013 -0.002  -0.013 0.004  -0.012 0.020  -0.003 0.032  -0.012 0.001 

 (0.01) (0.00)  (0.02) (0.03)  (0.02) (0.02)  (0.02) (0.03)  (0.02) (0.02) 

Chicken  -0.012*** 0.003***  -0.015*** -0.003  -0.009** -0.001  -0.010** -0.003  -0.013*** -0.002 

 (0.00) (0.00)  (0.00) (0.00)  (0.00) (0.00)  (0.00) (0.00)  (0.00) (0.00) 

Pork 0.010*** -0.009  0.010*** 0.002  0.010*** 0.004  0.011*** 0.004**  0.009*** 0.001 

 (0.00) (0.01)  (0.00) (0.00)  (0.00) (0.00)  (0.00) (0.00)  (0.00) (0.00) 

Vegetables  0.015 0.014  0.027** -0.009  0.001 -0.008  -0.015 -0.007  0.039*** -0.008 

 (0.01) (0.01)  (0.01) (0.02)  (0.02) (0.01)  (0.02) (0.01)  (0.01) (0.02) 

Cereals -0.001   0.026 0.021  -0.025 0.005  -0.014 0.026  0.009 0.010 

 (0.01) 0.174***  (0.02) (0.03)  (0.02) (0.03)  (0.01) (0.02)  (0.01) (0.02) 



Mundlak mean values  (0.05)             

Hukou  -0.000   0.275***   0.063   0.114   0.303** 

  (0.02)   (0.05)   (0.07)   (0.08)   (0.13) 

Age  -0.000   -0.055   0.046*   -0.029   0.018 

  (0.00)   (0.04)   (0.03)   (0.02)   (0.03) 

Age2  -0.118***   0.000   -0.001**   0.000   -0.001** 

  (0.04)   (0.00)   (0.00)   (0.00)   (0.00) 

Working status  0.025   0.007   -0.245***   0.043   -0.201*** 

  (0.02)   (0.06)   (0.06)   (0.05)   (0.04) 

Education  0.260***   0.154***   -0.072**   0.004   0.033 

  (0.08)   (0.03)   (0.03)   (0.02)   (0.03) 

Marital status  -0.043   0.405***   0.255***   0.164***   0.279** 

  (0.03)   (0.12)   (0.08)   (0.06)   (0.13) 

Family size  -0.025***   -0.028   -0.056   -0.043   -0.034 

  (0.00)   (0.04)   (0.04)   (0.05)   (0.03) 

Chicken   0.019***   -0.029***   -0.022***   -0.015***   -0.029*** 

  (0.00)   (0.01)   (0.01)   (0.00)   (0.01) 

Pork  0.009   0.017***   0.021***   0.015**   0.022*** 

  (0.04)   (0.01)   (0.01)   (0.01)   (0.01) 

Vegetables   -0.044   0.004   0.009   -0.027   0.036 

  (0.03)   (0.03)   (0.04)   (0.03)   (0.05) 

Cereals  0.006**   -0.011   -0.062   -0.068*   -0.034 

  (0.00)   (0.06)   (0.04)   (0.04)   (0.03) 

Observations 31414 31414  14966 14966  16448 16448  13454 13454  17960 17960 

No. of individuals 14781 14781  7120 7120  7661 7661  7682 7682  8041 8041 

Note: a. Marginal effects are presented with standard errors in parentheses. Standard errors are cluster-corrected at province level. RE refers to random-effects estimator, and MK refers to 

Mundlak estimator. 

Source: Author's estimation using the CHNS data (2004-2011). 

* p<0.10, ** p<0.05, *** p<0.010 



Table 5. Correlation between potential channels and per capita family income using panel data. 

 Nutritional Intakes (NI)  Dietary Diversity (DD)  Dietary Knowledge (DK) 

Dependent Variable Log(Carbohydrate)  Log(Fat)  Log(Protein)  DD  DK 

 RE MK  RE MK  RE MK  RE MK  RE MK 

LogM -0.002 -0.002  0.013*** 0.011**  0.011*** 0.009***  0.110*** 0.096***  0.120*** 0.053*** 

 (0.00) (0.00)  (0.00) (0.00)  (0.00) (0.00)  (0.02) (0.02)  (0.03) (0.02) 

Other control variables Y Y  Y Y  Y Y  Y Y  Y Y 

Mundlak mean values  Y   Y   Y   Y   Y 

Observations 31414 31414  31414 31414  31414 31414  31414 31414  31414 31414 

No. of individuals 14781 14781  14781 14781  14781 14781  14781 14781  14781 14781 

Note: Coefficients are presented with standard errors in parentheses. Standard errors are cluster-corrected at province level. RE refers to random-effects estimator, and MK refers to Mundlak 

estimator.  

Source: Author's estimation using the CHNS data (2004-2011). 

* p<0.10, ** p<0.05, *** p<0.010 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 6. Possible mechanisms underlying the effects of income on BMI using panel data.  

Estimation Method 
RE  MK 

(1) (2) (3) (4) (5) (6)  (7) (8) (9) (10) (11) (12) 

LogM 0.0215*** 0.0196*** 0.0182*** 0.0195*** 0.0174*** 0.0159***  0.0128*** 0.0117*** 0.0110** 0.0127*** 0.0105** 0.0105** 

 (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)  (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) 

Nutritional Intakes (NI):            

Log(Carbohydrate)  -0.2073***   -0.1628** -0.1451**   -0.1074**   -0.0802 -0.0762 

  (0.08)   (0.07) (0.07)   (0.05)   (0.05) (0.05) 

Log(Fat) 0.0185   0.0018 -0.0018   0.0151   0.0041 0.0032 

 (0.03)   (0.03) (0.04)   (0.03)   (0.03) (0.03) 

Log(Protein) 0.2497**   0.1768* 0.1754*   0.1956**   0.1478* 0.1486* 

 (0.10)   (0.09) (0.09)   (0.08)   (0.08) (0.08) 

Dietary Diversity (DD):             

DD   0.0477***  0.0403** 0.0365**    0.0343**  0.0281* 0.0274* 

   (0.02)  (0.02) (0.02)    (0.01)  (0.01) (0.01) 

Dietary Knowledge (DK):              

DK    0.0221***  0.0194***     0.0099*  0.0091 

    (0.01)  (0.01)     (0.01)  (0.01) 

Other control variables Y Y Y Y Y Y  Y Y Y Y Y Y 

Mundlak mean values a        Y Y Y Y Y Y 

Observations 31414 31414 31414 31414 31414 31414  31414 31414 31414 31414 31414 31414 

No. of individuals 14781 14781 14781 14781 14781 14781  14781 14781 14781 14781 14781 14781 

Note: Coefficients are presented with standard errors in parentheses. Standard errors are cluster-corrected at province level. RE refers to random-effects estimator, and MK refers to Mundlak 

estimator. 

a. Mundlak mean values include mean values of other control variables except gender.  

Source: Author's estimation using the CHNS data (2004-2011). 

* p<0.10, ** p<0.05, *** p<0.010 

 

 



Table 7. Possible mechanisms underlying the effects of income on Overweight using panel data.  

Estimation Method 
RE  MK 

(1) (2) (3) (4) (5) (6)  (7) (8) (9) (10) (11) (12) 

LogM 0.0104*** 0.0088*** 0.0085*** 0.0089*** 0.0078*** 0.0067**  0.0061** 0.0051 0.0051 0.0059* 0.0046 0.0045 

 (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)  (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) 

Nutritional Intakes (NI):            

Log(Carbohydrate)  -0.1243***   -0.1044** -0.0909**   -0.0743**   -0.0631* -0.0583* 

  (0.04)   (0.04) (0.04)   (0.03)   (0.03) (0.03) 

Log(Fat) 0.0204   0.0130 0.0117   0.0208   0.0164 0.0159 

 (0.02)   (0.02) (0.02)   (0.02)   (0.02) (0.02) 

Log(Protein) 0.1670***   0.1369*** 0.1329***   0.1457***   0.1278*** 0.1267*** 

 (0.05)   (0.05) (0.05)   (0.04)   (0.04) (0.04) 

Dietary Diversity (DD):             

DD   0.0233***  0.0163*** 0.0139***    0.0168***  0.0103* 0.0096* 

   (0.01)  (0.01) (0.01)    (0.01)  (0.01) (0.01) 

Dietary Knowledge (DK):              

DK    0.0129***  0.0113***     0.0074**  0.0068** 

    (0.00)  (0.00)     (0.00)  (0.00) 

Other control variables Y Y Y Y Y Y  Y Y Y Y Y Y 

Mundlak mean values a        Y Y Y Y Y Y 

Observations 31414 31414 31414 31414 31414 31414  31414 31414 31414 31414 31414 31414 

No. of individuals 14781 14781 14781 14781 14781 14781  14781 14781 14781 14781 14781 14781 

Note: Marginal effects are presented with standard errors in parentheses. Standard errors are cluster-corrected at province level. RE refers to random-effects estimator, and MK refers to 

Mundlak estimator.  

a. Mundlak mean values include mean values of other control variables except gender.  

Source: Author's estimation using the CHNS data (2004-2011). 

* p<0.10, ** p<0.05, *** p<0.010 



Table 8. Unconditional quantile regressions for the relation between income and BMI using panel data. 

 OLS Q5 Q25 Q45 Q60 Q75 Q90 

All (1) 0.022*** -0.007 0.022* 0.034*** 0.032** 0.015 0.032** 

  (0.01) (0.01) (0.01) (0.01) (0.01) (0.02) (0.02) 

 (2) 0.016*** -0.012** 0.012 0.022** 0.020 0.005 0.022 

  (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) 

Male (1) 0.031*** -0.009 0.024 0.050*** 0.045*** 0.020 0.043** 

  (0.01) (0.01) (0.02) (0.01) (0.01) (0.03) (0.02) 

 (2) 0.024*** -0.013 0.013 0.036** 0.031** 0.007 0.032* 

  (0.01) (0.01) (0.02) (0.01) (0.01) (0.02) (0.02) 

Female (1) 0.010 -0.012 0.014 0.008 0.014 0.002 0.000 

  (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.03) 

 (2) 0.006 -0.017* 0.005 -0.001 0.004 -0.006 -0.010 

  (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.03) 

Urban (1) 0.010 0.009 0.027 0.054*** 0.036* 0.018 -0.023 

  (0.02) (0.01) (0.03) (0.02) (0.02) (0.03) (0.03) 

 (2) 0.007 0.006 0.021 0.047** 0.029 0.012 -0.031 

  (0.02) (0.01) (0.03) (0.02) (0.02) (0.03) (0.03) 

Rural (1) 0.024*** -0.013* 0.019* 0.013 0.030** 0.003 0.066*** 

  (0.00) (0.01) (0.01) (0.01) (0.01) (0.02) (0.02) 

 (2) 0.018*** -0.016** 0.009 0.001 0.017 -0.010 0.055** 

  (0.01) (0.01) (0.01) (0.01) (0.02) (0.02) (0.02) 

Note: Coefficients are presented with standard errors in parentheses. Standard error are cluster-corrected at province level;  

Row (1) includes the control variables from Table 3; Row (2) includes all channel variables and control variables in 

Table 5; Observations under q5 are malnourished, above q60 are overweight, and above q90 are Overweight, 

respectively. 

Source: Author's estimation using the CHNS data (2004-2011). 

* p<0.10, ** p<0.05, *** p<0.010 



Appendix 

 

Table A1. Questions concerning dietary knowledge in the CHNS. 

Dietary knowledge:  

Do you strongly agree, somewhat agree, neutral, somewhat disagree or strongly disagree with this 

statement? 
True/False 

*Please note that the question is not asking about your actual habits.  

Q1: Choosing a diet with a lot of fresh fruit and vegetables is good for one’s health T 

Q2: Eating a lot of sugar is good for one’s health F 

Q3: Eating a variety of foods is good for one’s health T 

Q4: Choosing a diet high in fat is good for one’s health F 

Q5: Choosing a diet with a lot of staple foods (rice and rice products and wheat and wheat products) is not 

good for one’s health 
T 

Q6: Consuming a lot of animal products daily (fish, poultry, egg and lean meat) is good for one’s health F 

Q7: Reducing the amount of fatty meat and animal fat in the diet is good for one’s health T 

Q8: Consuming milk and dairy products is good for one’s health T 

Q9: Consuming beans and bean products is good for one’s health T 

Q10: Physical activities are good for one’s health T 

Q11: Sweaty sports or other intense physical activities are not good for one’s health T 

Q12: The heavier one’s body is, the healthier he or she is F 

Index rules:“1” point was given for a correct answer, “-1” point for an incorrect answer, and “0” points 

for the other answers. 
 

Source: The dietary knowledge questionnaire is from the official website of China Health and Nutrition  

Survey. (http://www.cpc.unc.edu/projects/china)  

 

 

 

 

 

 

 

 



Table A2. Per capita family income and BMI controlling for all channel variables under panel data structure.  

Subsample All  Male  Female  Urban  Rural 

 RE MK  RE MK  RE MK  RE MK  RE MK 

LogM 0.016*** 0.011**  0.024*** 0.013**  0.006 0.006  0.007 0.003  0.018*** 0.012** 

 (0.01) (0.00)  (0.01) (0.01)  (0.01) (0.01)  (0.02) (0.01)  (0.01) (0.01) 

Nutritional Intakes (NI):               

Log(Carbohydrate) -0.145** -0.076  -0.236*** -0.131**  -0.085 -0.070  -0.097 -0.042  -0.166** -0.108** 

 (0.07) (0.05)  (0.08) (0.07)  (0.08) (0.06)  (0.09) (0.08)  (0.07) (0.05) 

Log(Fat) -0.002 0.003  -0.005 -0.004  -0.005 -0.006  -0.016 -0.002  -0.001 -0.003 

 (0.04) (0.03)  (0.04) (0.03)  (0.05) (0.05)  (0.04) (0.04)  (0.05) (0.04) 

Log(Protein) 0.175* 0.149*  0.238** 0.145*  0.124 0.124  0.226** 0.245***  0.158 0.118 

 (0.09) (0.08)  (0.10) (0.08)  (0.11) (0.11)  (0.09) (0.09)  (0.11) (0.09) 

Dietary Diversity (DD):               

DD 0.036** 0.027*  0.044*** 0.029***  0.032 0.030  0.025** 0.015  0.037* 0.031 

 (0.02) (0.01)  (0.01) (0.01)  (0.02) (0.02)  (0.01) (0.01)  (0.02) (0.02) 

Dietary Knowledge (DK):               

DK 0.019*** 0.009  0.030*** 0.012*  0.010 0.007  0.013 0.015  0.026*** 0.008 

 (0.01) (0.01)  (0.01) (0.01)  (0.01) (0.01)  (0.01) (0.01)  (0.01) (0.01) 

Other control variables Y Y  Y Y  Y Y  Y Y  Y Y 

Mundlak mean values a  Y   Y   Y   Y   Y 

Observations 31414 31414  14966 14966  16448 16448  13454 13454  17960 17960 

No. of individuals 14781 14781  7120 7120  7661 7661  7682 7682  8041 8041 

Note: Coefficients are presented with standard errors in parentheses. Standard errors are cluster-corrected at province level. RE refers to random-effects estimator, and MK refers to Mundlak 

estimator. 

a. Mundlak mean values include mean values of other control variables except gender.  

Source: Author's estimation using the CHNS data (2004-2011).      

* p<0.10, ** p<0.05, *** p<0.010 

 

 



Table A3. Per capita family income and Overweight controlling for all channel variables under panel data structure.  

Subsample All  Male  Female  Urban  Rural 

 RE MK  RE MK  RE MK  RE MK  RE MK 

LogM 0.007** 0.004  0.007 0.003  0.004 0.004  0.014** 0.012**  0.001 -0.001 

 (0.00) (0.00)  (0.01) (0.01)  (0.00) (0.00)  (0.01) (0.01)  (0.00) (0.00) 

Nutritional Intakes (NI):               

Log(Carbohydrate) -0.091** -0.058*  -0.095*** -0.058**  -0.098* -0.094*  0.030 0.031  -0.164*** -0.135*** 

 (0.04) (0.03)  (0.03) (0.03)  (0.06) (0.05)  (0.03) (0.03)  (0.04) (0.04) 

Log(Fat) 0.012 0.016  0.024 0.026  -0.004 -0.005  0.017 0.017  0.009 0.009 

 (0.02) (0.02)  (0.03) (0.02)  (0.02) (0.02)  (0.02) (0.02)  (0.02) (0.02) 

Log(Protein) 0.133*** 0.127***  0.150*** 0.114**  0.114* 0.116**  0.113** 0.112**  0.168*** 0.147*** 

 (0.05) (0.04)  (0.05) (0.05)  (0.06) (0.06)  (0.05) (0.05)  (0.05) (0.04) 

Dietary Diversity (DD):               

DD 0.014*** 0.010*  0.021*** 0.016***  0.008 0.007  0.004 0.002  0.014** 0.011 

 (0.01) (0.01)  (0.01) (0.01)  (0.01) (0.01)  (0.01) (0.01)  (0.01) (0.01) 

Dietary Knowledge (DK):               

DK 0.011*** 0.007**  0.013*** 0.005  0.010** 0.009**  0.009** 0.009*  0.012*** 0.005 

 (0.00) (0.00)  (0.00) (0.00)  (0.00) (0.00)  (0.00) (0.00)  (0.00) (0.00) 

Other control variables Y Y  Y Y  Y Y  Y Y  Y Y 

Mundlak mean values a  Y   Y   Y   Y   Y 

Observations 31414 31414  14966 14966  16448 16448  13454 13454  17960 17960 

No. of individuals 14781 14781  7120 7120  7661 7661  7682 7682  8041 8041 

Note: Marginal effects are presented with standard errors in parentheses. Standard errors are cluster-corrected at province level. RE refers to random-effects estimator, and MK refers to 

Mundlak estimator.  

a. Mundlak mean values include mean values of other control variables except gender.  

Source: Author's estimation using the CHNS data (2004-2011).   

* p<0.10, ** p<0.05, *** p<0.010 


