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Abstract: In rural areas, the aging of households is becoming increasingly severe, and the issue
of dietary imbalance among the elderly is becoming increasingly prominent. Using data from the
China Health and Nutrition Survey (CHNS), the negative binomial regression method was used to
investigate the impact of household income level on dietary imbalance among rural elderly people,
and to explore the heterogeneity of household income structure and its role in the relationship
between the two. Research has found that an increase in total household income significantly
improves the dietary quality of rural elderly people, and the income structure variable enhances its
negative pulling effect on dietary imbalance. For elderly people with moderate dietary imbalance,
the effect of increased family income is most significant. In different income groups, the impact of
total household income on dietary imbalance in the high-income group is greater than that in the
low-income group, and there is also a significant difference in the role played by the proportion of net
income from agricultural operations. Therefore, it is necessary to increase the non working income
of the elderly, strengthen social responsibility for elderly care, and alleviate the problem of dietary
imbalance among rural elderly people.

Keywords: family income; income structure; dietary imbalance; negative binomial regression

1. Introduction

In the past few decades, the income of Chinese residents has grown rapidly, the
income structure has continuously improved, and the dietary structure and quality of
urban and rural residents have also undergone significant changes [1,2]. However, due to
the long-standing problem of income and consumption stratification between urban and
rural areas [3], rural areas generally lag behind urban areas in terms of the diversified food
supply, food availability, and balanced nutrient intake [4,5]. In 2021, the global population
of elderly people aged 65 and above was 761 million, and exceeded 200 million in China.
More than 90% of elderly people in China suffer from dietary imbalances, and over 78%
suffer from at least one chronic nutrition-related disease. The number of disabled elderly
people is also increasing. The proportion of elderly people and households in rural China
was 17.72% and 35.38%, respectively, which were 6.61 and 13.52 percentage points higher
than those in urban areas. The phenomenon of the urban–rural inversion of population
aging in China is becoming increasingly severe, and the “growing inequality” is seriously
reflected in the food access, dietary structure, and dietary quality of rural elderly people.
A reasonable diet and balanced nutrition are the foundation of physical health for elderly
people in rural areas. However, rural elderly people generally suffer from insufficient
food intake and low dietary quality, which leads to increasingly prominent health issues
related to nutrition. According to monitoring data on the nutrition and health status of
Chinese residents, the malnutrition rate and anemia rate of elderly people aged 75 and
above are 10.1% and 17%, respectively, while in rural areas, these two rates are as high as
13.4% and 20%.
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It is generally recognized that dietary structure is always closely related to population
and family structure. At the macro level, the changes in population structure and dietary
structure caused by changes in life expectancy are mutually causal [6,7]. At the micro
level, the changes in household income structure driven by the core of family structure
and the miniaturization of family size are related to the dietary quality and nutritional
health of rural elderly people [8–10]. Family elderly care is still the most important way of
providing for the elderly in contemporary rural China [11], and the impact of family factors
on the diet of the elderly cannot be ignored [12]. Family structure usually affects food
needs and types, while family size determines the amount of food required. The dietary
structure and habits of elderly people are influenced by the preferences and needs of other
family members [13]. The larger the family size, the greater the demand for food, which
may increase the variety of food and thus improve the quality of the family’s diet [14]. In
addition to controlling variables such as family population structure and size, the impact
of family income on the dietary quality of rural elderly people is more practical [15]. The
relationship between income and dietary nutrition is one of the ongoing research topics
in the field of health economics. Numerous studies have shown that changes in income
levels can lead to changes in nutrient levels and dietary quality [16], and income growth is
beneficial for promoting the nutritional upgrading of rural residents [17]. However, existing
research focuses more on the impact of income levels on dietary quality, while neglecting
the importance of income structure. Research has found that nonagricultural income is
beneficial for improving the dietary quality of rural residents [18], while rural residents
whose main source of income is agricultural income have poorer nutritional status [19,20].
Therefore, how to enhance the family and income effects, improve the dietary quality of
rural elderly people, and provide nutritional protection for the vulnerable group of rural
elderly people is of great significance for implementing the national strategy of actively
responding to population aging [21].

In summary, based on four CHNS data periods from 2004 to 2011, this article evaluates
the dietary quality of rural elderly people using DBI-16 and reflects the household income
structure of rural elderly people using the proportion of agricultural operating income and
the proportion of private net transfer payments. On this basis, the focus is on analyzing
how household income level and income structure affect the dietary imbalance of rural
elderly people, as well as the role of income structure variables in the relationship between
total household income and dietary imbalance.

2. Data and Methodology
2.1. Data Source

The data used in this article come from the China Health and Nutrition Survey
(CHNS), which covers 9 provinces in China with significant differences in geography,
economic development, public resources, and health status, covering detailed information
such as demographic statistics, work income, lifestyle, and food consumption. Given the
availability of data, this article constructed a dataset based on four surveys conducted in
2004, 2006, 2009, and 2011. The research object of this article is the elderly population aged
65 and above living in rural areas. After removing missing and outliers from the data, a
total of 3614 valid samples were obtained, including 812 in 2004, 900 in 2006, 1087 in 2009,
and 815 in 2011.

2.2. Model Settings

The explanatory variable of this study is the dietary quality distance (discrete non-
negative integer), and using the least squares method (OLS) for estimation may lead to
heteroscedasticity issues. In addition, the variance of dietary quality distance in the sample
data is higher than its mean, indicating a transitional dispersion of dietary quality distance.
Therefore, this article chooses a negative binomial regression model for empirical testing.
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The probability density function of the negative binomial regression model is
Equation (1):

Pr(Yit = n |λit, α) =
Γ(yit + α)

Γ(yit + 1)Γ(α)

(
α

α + λit

)α( λit
α + λit

)yit

, n = 0, 1, 2, 3 · · · (1)

where Yit is the dependent variable, λit is the expected value of the sample distribution,
α is the overdispersion parameter, and Γ(·) is the gamma distribution function. To test
the impact of total household income on dietary imbalance among rural elderly people, a
regression model was constructed (2):

Yit = β0 + β1Lnhinci,t + λControlsi,t + δprovincei + εyeari + εi,t (2)

To examine the impact of different household income structures on dietary imbalance
among rural elderly people, a regression model was constructed (3):

Yit = β0 + β1Lnhinci,t + β1 Agrii,t + β1Pritransi,t + λControlsi,t + δprovincei + εyeari + εi,t (3)

In models (2) and (3), Lnhinci,t is the logarithm of individual i’s total household income
in period t; Agrii,t represents the proportion of net income from agricultural operations
to total income; Pritransi,t represents the proportion of private net transfer payments to
total income; controli,t provincei is the general term for each control variable; yeari is a
provincial dummy variable, is a year dummy variable, used to control for time fixed effects
and regional fixed effects; and εi,t is a random error term.

2.3. Variable Description
2.3.1. Dependent Variable

In this study, we used the dietary quality distance (DQD) proposed in the Chinese
Dietary Balance Index 16 (DBI-16) revised by He Yuna et al. (2018) [22] to evaluate the
dietary imbalance of rural elderly people. DBI-16 is based on the 2016 Chinese Dietary
Guidelines and the Revised Balanced Diet Pagoda, consisting of 8 indicators, namely
grains, vegetables and fruits, milk and soybeans, animal-based foods, pure energy foods,
seasonings, food types, and water. When each indicator reaches the recommended amount,
the value is 0; otherwise, the values are negative (−12 to −1) and positive (1 to 12) to
evaluate the levels of insufficient and excessive food in in these food groups. The DBI-16
score includes a high bound score (HBS), low bound score (LBS), total score (TS) and diet
quality distance (DQD). The evaluation of the score is as follows: 0 is good, less than 20%
of the total score is more suitable, 20–40% of the total score is low, 40–60% of the total score
is moderate, and higher than 60% of the total score is high. DQD is the absolute sum of
various scores, reflecting the average level of overall dietary quality, with a score range
of 0–96 points. A DQD score of 0 indicates that there is neither insufficient nor excessive
intake in the diet; a score of 1–19 is considered appropriate; a score of 20–38 is considered
low-degree dietary imbalance; a score of 39–57 is considered moderate dietary imbalance;
and a score above 57 is considered high-degree dietary imbalance.

2.3.2. Independent Variable

Total household income: According to the nature of income sources, the total house-
hold income of rural elderly people can be divided into four parts: net operating income,
wage income, net property income, and net transfer income [23]. Among them, net op-
erating income can be divided into agricultural operating income and non-agricultural
operating income. The net transfer income can be divided into government transfer pay-
ments and private net transfer payments, which refer to the net transfer payments made by
children and other relatives and friends to the elderly. The urban–rural dual structure is
the most obvious feature of China’s elderly income security system, resulting in completely
different ways of providing for the elderly in urban and rural areas. Most rural elderly
people do not have the opportunity to retire, but continue to work with age, without a
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fixed income, and have to continue engaging in agricultural operations. In 2022, the actual
pension level for rural elderly people was only 5.26% of that for urban employees, and
their main source of livelihood was their own labor income and economic support from
their children [24]. Based on this, to reflect the household income structure of rural elderly
people, the model also includes the proportion of net income from agricultural operations
to total household income (Agri) and the proportion of net private transfer payments to
total income (Prtrans).

2.3.3. Control Variables

Control variables include individual characteristic variables and family characteristic
variables. Among them, individual characteristic variables include gender, age, BMI,
dietary knowledge and activity level, and whether there is medical insurance. In the
CHNS questionnaire, dietary knowledge and activity levels include 7 correct descriptions
of vegetables and fruits, food types, staple foods, fats, dairy and soy foods, and physical
activities, as well as 5 incorrect descriptions of sugar, high-fat foods, animal foods, physical
exercise, and weight. The survey respondents have 6 options to express their opinions:
“strongly disagree, disagree, neutral, agree, strongly agree, or do not know”. This article
refers to the research by Zhou et al. [25], and judges the respondents’ answers to dietary
knowledge and activity perspectives as “correct” and “incorrect”. Correct answers are
scored 1 point, while incorrect answers are not scored. Therefore, the range of the dietary
knowledge level is “0–12”. The reliability and validity analysis of the questionnaire showed
that Cronbach’s alpha was 0.821, the KMO value was 0.887, and the Bartlett test was
p < 0.001, indicating good internal consistency of the questionnaire data, which meets the
requirements of reliability testing and is suitable for factor analysis.

Family characteristic variables include family size, family structure, and the highest
level of education in the family. Home-based elderly care has always been in a fundamental
position in rural areas [26]. According to the 2014 China Elderly Social Tracking Survey data,
up to 82.1% of rural elderly people choose to “Raise children to care for you when you get
old.” [27]. Therefore, this article reflects the family structure of rural elderly people based
on whether they live with their children or not. Educated family members usually know
the role of a balanced diet in achieving health and pay more attention to the dietary mix of
the family. Therefore, the highest level of education in the family is selected as the family
characteristic variable. At the same time, year dummy variables and province dummy
variables are introduced to control the bias impact of regional and time feature factors on
the estimation results. Table 1 provides basic descriptive statistics for these variables.

2.3.4. Dietary Quality of Rural Elderly Population

Dietary quality is an evaluation of the health of dietary patterns, aiming at the lasting
improvement of individual and overall health [28]. Studies have found that the excessive
and insufficient dietary intake of the rural elderly exist at the same time, but the problems
of dietary imbalance and insufficient dietary in are more serious [29]. Unhealthy dietary
structure may lead to malnutrition, physical function decline and susceptibility to chronic
diseases in the rural elderly, thus reducing their quality of life.

The distribution results of DBI-16 scores of various food intakes of the rural elderly
are as shown in Table 2, and 68.2% of the rural elderly consume more cereals than the
recommended amount (score ≥ 2). Most of the elderly have a good intake of vegetables,
soybeans and nuts [0, 2), while the intake of fruits and milk is insufficient (<−2 indicates
insufficient intake). The animal food intake of the rural elderly showed the characteristics of
insufficient and excessive intake, of which 32.8% of the rural elderly had excessive intake of
livestock and poultry meat, and 51.0% and 48.5% of the rural elderly had insufficient intake
of aquatic products and eggs. The elderly in rural areas had excessive intake of cooking
oil and salt, while the intake of alcohol and sugar was better. Only 29.1% of the elderly in
rural areas had more than 10 kinds of food. Food diversity is the basis of a balanced diet,
and the dietary structure of the elderly still needs to be reasonably matched.
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Table 1. Descriptive statistics of variables.

Variable Variable Definition and Assignment Mean Std. Dev.

DQD The higher the score, the more severe the dietary imbalance 49.55 7.95
DQD = 0, There is neither insufficient nor excessive in in the diet - -

DQD = {1–19}, the diet is more suitable - -
DQD = {20–38}, low degree dietary imbalance 34.90 3.03
DQD = {39–56}, moderate dietary imbalance 48.77 4.97

DQD = {57–96}, high dietary imbalance 61.26 3.11

Lnlinc The logarithm of the total household income in yuan from the
previous year 9.07 1.88

Agri The proportion of agricultural operations income to total
household income 0.33 0.38

Pritrans The proportion of private net transfer payments to total
household income 0.19 0.31

GENDER Male = 1; Female = 0 0.47 0.50
AGE Unit: Year 72.32 5.82
BMI Weight/Height2 (Unit: kg/m2) 22.65 3.86

DK The higher the assigned value, the higher the level of dietary
knowledge and activity 49.56 7.95

MED_insur Having medical insurance = 1; No medical insurance = 0 6.00 3.31
FAM_stru Living with children = 1; Not living with children = 0 0.75 0.43
FAM_size Number of family members (unit: number) 3.86 1.57
MAX_edu Maximum education years among family members (in years) 6.59 3.96

Table 2. Rural elderly population distribution of each DBI-16 index segment (%).

Score Cereal Vegetables Fruits Milk Beans Meat Aquatic Eggs Oil Alcohol Sugar Salt Food
Types

−12~(−11) 2.0
−10~(−9) 0.7 12.9
−8~(−7) 1.7 19.6
−6~(−5) 2.4 10.7 46.1 88.6 34.6 19.8
−4~(−3) 6.4 21.4 48.4 7.5 2.8 6.8 51.0 48.5 18.6
−2~(−1) 7.7 44.7 4.7 3.2 8.8 18.2 10.6 13.0 13.5

0 10.8 23.2 0.7 0.7 53.8 23.8 38.3 8.3 38.6 89.0 96.7 6.7 15.6
1~2 12.0 18.5 18.6 22.8 6.3 1.0 13.2
3~4 9.8 32.8 11.7 20.9 2.2 1.0 44.3
5~6 8.4 17.7 2.4 1.4 35.6
7~8 6.7
9~10 4.6
11~12 26.7

Data source: Statistical analysis based on data from China Health and Nutrition Survey in 2004, 2006, 2009
and 2011.

The distribution of dietary quality of the rural elderly is shown in Table 3. In general,
the dietary imbalance of the elderly in rural areas is serious, and the proportion of the
elderly with moderate to high dietary imbalance is as high as 91.82%. Among them,
36.11% of the rural elderly have low-intake deficiencies, while the proportion of middle
and high-intake deficiencies is 49.61% and 13.31%, respectively. The proportion of elderly
people with inadequate intake is only 0.97%. In terms of excessive dietary intake, low
and moderate excessive intake accounted for 40.73% and 38.74%, respectively, while the
proportion of elderly people with high excessive intake was only 3.79%. The number of
rural elderly people with moderate insufficient intake and excessive intake was the largest,
followed by the number of people with low insufficient in and excessive in, and the elderly
with balanced diet were almost non-existent.

Table 3. Distribution of dietary status of rural elderly population.

Indicator Range ¯
x±s

Dietary Quality Distribution/%

Balance More Suitable Low Moderate High

Insufficient intake LBS 0~60 32.9 ± 9.0 0 0.97 36.11 49.61 13.31
Excessive in HBS 0~44 16.7 ± 6.5 0 16.74 40.73 38.74 3.79

Dietary imbalance DQD 0~84 49.6 ± 7.9 0 0 9.08 74.60 16.33

Data source: Statistical analysis based on data from China Health and Nutrition Survey in 2004, 2006, 2009
and 2011.
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3. Empirical Results
3.1. Benchmark Regression Analysis

Considering that the explained variable dietary quality distance is a counting variable,
this article uses a negative binomial regression model to analyze the relationship between
household income and the dietary quality distance of rural elderly people. The regression
results are shown in Table 4. (1) The regression results of Equation (2) were reported to
analyze the impact of total household income on dietary quality; Equation (3) introduces
household income structure variables based on Equation (2), and the regression results are
reported in column (2). By comparing the regression results of two equations, we further
analyzed the impact of introducing household income structure variables on the dietary
imbalance of rural elderly people. All models controlled for year and province-fixed effects.

Table 4. Baseline regression results.

Variable
DQD

(1) (2)

Lnlinc −0.0082 *** −0.0084 ***
(0.0013) (0.0013)

Agri 0.0572 ***
(0.0070)

Pritrans 0.0192 **
(0.0084)

GENDER −0.0194 *** −0.0196 ***
(0.0049) (0.0049)

AGE 0.0004 0.0009 **
(0.0004) (0.0004)

BMI −0.0035 *** −0.0023 ***
(0.0007) (0.0007)

DK −0.0050 *** −0.0039 ***
(0.0010) (0.0010)

MED_insur −0.0193 *** −0.0023 **
(0.0074) (0.0007)

FAM_stru 0.0385 *** 0.0359 ***
(0.0087) (0.0087)

FAM_size −0.0049 ** −0.0058 **
(0.0024) (0.0024)

MAX_edu −0.0034 *** −0.0023 ***
(0.0007) (0.0007)

Province Effect Control Control
Year Effect Control Control
Constant 4.1092 *** 4.0290 ***

(0.0410) (0.0419)
Log likelihood −12,229.897 −12,196.27

Prob > chi2 0.0000 0.0000
N 3614 3614

Note: ** p < 0.05, *** p < 0.001. The data in parentheses represent the robust standard error, and the following
text is the same.

The regression results between total household income and dietary quality are shown
in column (1) of Table 4. The results show that after controlling for individual and family
characteristic variables, it was found that the coefficient of total household income was
significantly negative at the 1% level, indicating a negative pulling effect of total household
income on dietary quality. This means that with the increase in total household income,
the phenomenon of dietary imbalance among rural elderly people decreased, which
improved the dietary quality of rural elderly people. The regression results in column (2)
indicate that the coefficient between the proportion of agricultural net income and the
proportion of private net transfer payments was significantly positive at the 1% level. This
means that as the proportion of net income from agricultural operations and private net
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transfer payments to total household income increases, the dietary imbalance among rural
elderly people intensifies, reducing their dietary quality. At the same time, by comparing
Equations (2) and (3), it can be found that the addition of household income structure
variables increases the negative pulling effect of total household income on dietary quality.
It can be seen that household income structure is indeed an important economic variable
that affects the dietary quality of rural elderly people.

3.2. Robustness Analysis
3.2.1. Robustness Testing

To further verify the effectiveness of the impact of household income level and income
structure variables on dietary imbalance, this article uses a robustness test by replacing the
dependent variable.

The lower-bound score (LBS) is also a calculation method for DBI-16 [30], used to
evaluate the situation of insufficient dietary intake. The lower-bound score (LBS) is the
absolute sum of the negative points in various scores, reflecting the degree of insufficient
dietary take, with a score range of 0–72 points. An LBS of 0 indicates no insufficient intake in
the diet, with a score of 1–14 being more appropriate, a score of 15–29 indicating low intake,
a score of 29–43 indicating moderate intake, and a score above 43 indicating high intake.
This article uses a negative terminal score as the proxy variable for dietary imbalance,
re-estimating the dietary quality of rural elderly people, and conducting regression analysis
on models (1) and (2) again. The regression results are shown in Table 5, where the
coefficient of the total income of elderly households is significantly negative at the 1% level,
while the coefficients of net income from agricultural operations and private net transfer
payments are significantly positive at the 1% level. Compared with benchmark regression,
the regression results show no substantial changes, indicating that the estimation results
have strong robustness.

Table 5. Robustness test results.

Variable
Replace the Dependent Variable 2SLS

LBS One-Stage
Lnlinc

Two-Stage
DQD

Ave-Lnlinc 0.9476 ***
(0.0384)

Lnlinc −0.0153 ***
(0.0018)

−0.0157 ***
(0.0018) - −0.7850 ***

(0.1937)

Agri 0.0858 ***
(0.0090)

Pritrans 0.0310 ***
(0.0113)

Control variables Control Control Control Control
Province Effect Control Control Control Control

Year Effect Control Control Control Control
F statistics 127.17 *** -

R2 0.1004 0.1038 0.2797 0.0764
Hausman test(P > chi2) - 0.0000

Minimum eigenvalue statistic 610.38 > (16.38) -

Note: *** p < 0.001.

3.2.2. Endogeneity Testing

In the benchmark model analysis, the total household income and income structure
variables have a significant impact on the dietary imbalance of rural elderly people. How-
ever, the reverse causal relationship between residents’ dietary nutrition and household
income may lead to endogeneity issues [31,32]. To alleviate the endogeneity of household
income, this article adopts the instrumental variable method for processing. Research
has shown that the average household income of elderly people in the same village has a
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significant driving effect on the income level and income structure of elderly households,
and the average household income of elderly people in the same village is not directly
related to the dietary quality of the elderly [33]. Therefore, this article uses the average
household income of the elderly in the same village as the instrumental variable of total
household income. To ensure that the instrumental variables meet the requirements of
homogeneity and correlation, this article uses the 2SLS method for testing.

The first-stage regression results show that the impact of the average household income
of the elderly in the same village on the total household income of the elderly is significantly
positive at the 1% level, indicating that the instrumental variable satisfies the correlation
hypothesis. At the same time, the critical value of the Stock-Yogo weak ID test critical values:
10% maximal IV size 16.38, which is much smaller than the minimum eigenvalue statistic
1035.56, indicating the absence of weak instrumental variables, proving that “average
household income of elderly people in the same village” is a suitable instrumental variable.
The two-stage regression results passed the Hausman test for endogeneity, and at the 1%
significance level, there is still a significant negative correlation between the total income
of elderly households and their dietary quality. This means that the impact of elderly
household income level on their dietary imbalance is robust.

3.3. Heterogeneity Analysis
3.3.1. Heterogeneous Effects on the Degree of Dietary Imbalance

In rural areas, the phenomenon of dietary imbalance among elderly people is relatively
serious. In the sample data, the most suitable scenario for dietary quality is 0, with
74.60% of elderly people experiencing moderate dietary quality imbalances, while only
9.08% and 16.33% of elderly people experience low and high dietary quality imbalances.
This section investigates whether the income level and income structure of rural elderly
households have heterogeneous effects on the grouping of dietary quality. Table 6 shows
that compared to other dietary quality groups, the total household income and income
structure have a greater impact on the rural elderly in the moderate dietary imbalance
group. From column (3), it can be seen that in the group with moderate dietary imbalance,
without introducing household income structure variables, total household income has a
negative pulling effect on dietary quality at the 1% level. After introducing the variable
of household income structure, the negative pulling effect of total household income on
dietary quality increased, still significant at the 1% level. The proportion of net income
from agricultural operations to dietary quality has a positive driving effect at the 1% level,
while the proportion of private net transfer payments has no significant impact on the
dietary quality of rural elderly people. This means that among the moderately imbalanced
population, with the increase in total household income, the dietary imbalance of rural
elderly people improved. After considering the income structure, the improvement effect
of total household income on dietary imbalance was enhanced. The higher the proportion
of net income from agricultural operations, the more severe the dietary imbalance among
the elderly.

3.3.2. Analysis of Dietary Quality Estimation Results for Different Income Groups

The impact of total household income on dietary imbalance among rural elderly may
have heterogeneity among groups. This article conducted group regression for different
income levels, dividing the total household income into two income groups: “below
average” and “above average” for testing, as shown in Table 7. The regression results
indicate that in the above-average group, the improvement in total household income
on dietary imbalance was better than that in the below-average group. Specifically, in
the above-average group, the addition of household income structure variables led to a
decrease in the improvement effect of total household income on dietary imbalance. As
the proportion of net income from agricultural operations increases, the dietary quality of
the elderly tends to be imbalanced, and the proportion of private net transfer payments
is not related to dietary imbalance. In the below-average group, after adding household
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income structure variables, the improvement effect of total household income on dietary
imbalance was enhanced, and the impact of the proportion of net agricultural income and
private net transfer payments on dietary imbalance in the elderly remained consistent with
before the grouping.

Table 6. The impact of total household income and income structure on the grouping of dietary quality.

Variables
Low dietary Imbalance Moderate dietary Imbalance High Dietary Imbalance

(1) (2) (3) (4) (5) (6)

Lnlinc −0.0036 −0.0033 −0.0031 *** −0.0032 *** 0.0001 −0.0001
(0.0027) (0.0028) (0.0010) (0.0010) (0.0011) (0.0011)

Agri 0.0181 0.0204 *** 0.0051
(0.0150) (0.0056) (0.0065)

Pritrans 0.0153 0.0059 0.0008
(0.0165) (0.0065) (0.0073)

Control
variables control control control control control control

Province Effect control control control control control control
Year Effect control control control control control control
Constant 3.6548 *** 3.6350 *** 3.9687 *** 3.9403 *** 4.0782 *** 4.0714 ***

(0.0853) (0.0857) (0.0315) (0.0324) (0.0364) (0.0391)

Loglikelihood −924.17 −923.94 −8330.36 −8327.28 −1798.66 −1798.60
Prob > chi2 0.0035 0.0029 0.0000 0.0000 0.0001 0.0002

N 328 328 2696 2696 590 590

Note: *** p < 0.001.

Table 7. Impact of different household income levels on dietary quality.

Variables
Below Average Income Above Average Income

(1) (2) (3) (4)

Lnlinc −0.0052 *** −0.0082 *** −0.0210 *** −0.0121 **
(0.0017) (0.0018) (0.0054) (0.0060)

Agri 0.0534 *** 0.0576 ***
(0.0114) (0.0105)

Pritrans 0.0216 * −0.0013
(0.0114) (0.0248)

Control variables control control control control
Province Effect control control control control

Year Effect control control control control
Constant 4.1413 *** 4.0816 *** 4.0947 *** 4.0292 ***

(0.0618) (0.0628) (0.0601) (0.0780)

Loglikelihood −4952.97 −4942.82 −7240.83 −7224.77
Prob > chi2 0.0000 0.0000 0.0000 0.0000

N 1484 1484 2130 2130
Note: * p < 0.10, ** p < 0.05, *** p < 0.001.

4. Discussion

Dietary quality is an evaluation of the health level of dietary patterns, aimed at
persistently improving individual and overall health [28]. In recent years, dietary quality
evaluation has also become a hot topic of research both domestically and internationally.
The Dietary Quality Index (DQI) is the first comprehensive evaluation index for dietary
quality based on food and nutrients established in the United States in 1994 [34]. The
Healthy Eating Index (HEI) is currently the most widely used evaluation method, designed
in 1995 according to the requirements of the Dietary Guidelines for Americans (DGA) and
updated every five years together with the DGA [35]. On the basis of HEI, foreign scholars
have also proposed various dietary quality indices, such as the Alternative Healthy Diet
Index (AHEI-2010) [36] and the Overall Dietary Index (ODI) [37]. In response to the ideal
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dietary patterns and dietary habits of Chinese people, domestic scholars have successively
proposed the China Dietary Balance Index (DBI) [38] and the China Healthy Diet Index
(CHEI) [39] to evaluate the dietary quality and nutritional level of Chinese people. Among
them, the Chinese Dietary Balance Index (DBI) was established by He Yuna et al. in 2005
and revised to DBI-16 in 2018 based on the Dietary Guidelines for Chinese Residents (DGC-
2016) and the requirements of the Balanced Diet Pagoda [22]. The DBI-16 score includes
higher-bound score (HBS), lower-bound score (LBS), and diet quality distance (DQD),
which can simultaneously reflect the situation of excessive, insufficient, and imbalanced
dietary in. Many scholars at home and abroad have used DBI-16 to evaluate the dietary
quality of elderly people in rural China [40,41]. Previous studies have found that both
excessive and insufficient dietary intake coexist among elderly people in rural areas, but
the problems of dietary imbalance and insufficient intake are more severe [29]. In 2021,
95.22% of elderly people in a rural area of Chengdu, China who participated in community
physical examinations had insufficient dietary in, and the proportion of elderly people in
a state of dietary imbalance was as high as 99.69% [42]. In a survey of dietary data for
elderly people in Shanghai, China, it was found that over 90% of the elderly were rated as
imbalanced in negative scores and dietary quality distance [43].

As age increases, changes in physical function, preferences, and income levels will all
have an impact on the dietary structure of elderly people [44–46], and long-term unrea-
sonable dietary structure will exacerbate the dietary imbalance and insufficient intake of
rural elderly people [47]. Therefore, how to improve the dietary quality of elderly people
in rural areas has become a focus of relevant research. Existing research mainly focuses
on household income, urbanization, population structure, dietary nutrition knowledge,
and other aspects. For example, Zhong et al. (2012) found that as the population ages,
there are significant changes in food consumption patterns, particularly in the demand
for certain types of food [48]. Agbozo et al. (2018) proposed that despite having some
knowledge about nutrition, the dietary patterns of these older individuals are not ideal,
leading to poor nutritional status [49]. In Tanzania, Cockx et al. (2018) investigated the
impact of urbanization on dietary changes among rural-to-urban migrants. They observe
a shift from traditional to more Westernized diets among this population. This shift is
associated with significant changes in dietary quality, potentially leading to negative health
outcomes [50]. The relationship between healthy food choices and ecologically conscious
consumer behavior has also been widely studied [51]. Cramarenco et al. (2023) conducted a
bibliometric analysis, and found that organic food is perceived as safer and more nutritious
than conventionally produced food [52].

Research has shown that income has a positive impact on dietary diversity, and the
increase in household income level is related to improvement in dietary quality [53]. Family
income directly affects the types and quality of food available to rural elderly people,
as well as their food consumption patterns and dietary structure [54]. Engel’s law and
Bennett’s law indicate that as household income increases, residents’ diets tend to diversify,
and the consumption of starch-based foods gradually decreases, while the consumption of
more nutritious foods such as meat, milk, vegetables, and fruits gradually increases [55,56].
Numerous studies have confirmed that changes in income levels can lead to changes in
nutritional intake levels and dietary quality. There is a significant negative correlation
between poverty and dietary quality. A low income increases the additional restrictions on
the elderly to achieve nutritional needs. The nutritional intake and dietary quality of the
elderly in low-income rural areas are poor, and there are fewer resources to support overall
health [57,58]. In addition to income level, family income structure is also an important
factor affecting the dietary nutrition of rural elderly people. However, not all sources of
income are equally effective in improving dietary quality [59]. According to the Mental
Accounting Theory proposed by Thaler, consumers will divide their income into different
accounts, which can be understood as “Earmarking” [60]. The marginal propensity to
consume varies among different sources of income, which means that even if the amount of
income is fixed, there will be significant differences in its impact on various consumption
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intensities [61]. Research has shown that household operating income is the most important
factor affecting various consumption expenditures of rural residents, while transfer income
mainly affects the clothing, food, housing, and transportation of rural residents [62,63].
This provides great reference significance for the selection of family structure variables in
this article.

Strengths and Limitations of This Study

Due to the availability of sample data, this article has many shortcomings. The
article does not reflect the gradual changes and mutations that income adjustments, family
changes, and disease shocks may cause in the dietary quality of rural elderly people.
Firstly, the research object of this study is the national rural elderly dietary health research.
However, due to the availability of data, the research data used in this study are CHNS
micro-survey data from 2004 to 2011. Although the data can demonstrate the relationship
and effect between household income and dietary quality in this paper, the applicability of
the empirical research results still needs to be tested by updated data. Therefore, future
research should widely collect micro-survey data to improve the accuracy of research
conclusions. Secondly, we used the latest data on the household income of the elderly to
determine the mechanism of its impact on dietary quality. It does not take into account that
the family income of the elderly may change with events such as widowhood and marriage
of children. It is necessary to further study the impact of changes in family income on the
quality of bone diets of the rural elderly. Lastly, in China, the difference between the rural
elderly and the urban elderly is that they do not have retirement wages. Therefore, pension
insurance and medical insurance play a vital role in ensuring the dietary quality of the
elderly. Future research should consider setting the insurance status of the rural elderly as
a control variable to highlight the marginal contribution of family income to the dietary
quality of the rural elderly. Further exploration is needed in future research.

5. Conclusions

This article was based on the data from four Chinese nutrition and health surveys
from 2004 to 2011 and compared and analyzed the impact of the total household income of
rural elderly people on their dietary imbalance before and after adding income structure
variables. The following conclusions were drawn.

Firstly, the increase in total household income has significantly improved the dietary
imbalance of rural elderly people. After considering the income structure, the improvement
effect of total household income is enhanced. Secondly, the relationship between insufficient
dietary intake and total household income is consistent with the relationship between
dietary imbalance and income, which means that the dietary imbalance of rural elderly
people is mainly caused by insufficient intake. Thirdly, 74.60% of rural elderly people have a
moderate dietary imbalance, and the higher the proportion of net income from agricultural
operations, the more severe the dietary imbalance. Fourthly, there is heterogeneity in the
improvement effect of total household income. The improvement effect on dietary quality
in the high-income group is better than that in the low-income group, and the role of
income structure in the two groups is opposite.

6. Recommendations

In summary, the conclusion of this article reflects that an increase in total household
income is beneficial for improving the dietary quality of rural elderly people. It was revealed
that the essence of dietary imbalance among rural elderly people lies in insufficient dietary
intake, that it is necessary to strengthen social responsibility for elderly care, moderately
increase the nonlabor income of rural elderly people, and ensure good dietary quality; and
that with the aging of households, more attention should be paid to the internal differences
of their groups, and “tailored medicine” should be given. Specific recommendations are
as follows.
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It is necessary to increase the economic support of the rural elderly through various
channels, so as to improve the food purchasing ability of the rural elderly and promote
the improvement of the nutritional status of the rural elderly. First of all, strengthen the
construction of the old-age security system, and improve the social assistance and social
welfare system on the basis of improving the basic old-age insurance system. For rural areas,
especially the elderly with economic difficulties, certain pension service subsidies should
be given. Secondly, the main way of providing for the aged in China is still family support.
It provides more services and policy cooperation for the family to care of both development
and care functions. Children should be promoted to live nearby or together with economic
compensation, tax relief and so on. Finally, family members provide companionship to the
elderly, but also affect their living habits and dietary knowledge. It can protect the health of
the elderly and improve the nutritional literacy of the rural elderly. The community should
actively carry out health promotion activities for the rural elderly, and call on the rural
elderly to learn nutrition knowledge and improve the quality of their diet.

Author Contributions: Conceptualization, Y.H.; methodology, Y.H.; validation, G.W.; formal analysis,
G.W.; investigation, J.M.; writing—original draft preparation, Y.H.; writing—review and editing, J.M.;
supervision, J.M.; project administration, G.W.; funding acquisition, G.W. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by the National Social Science Foundation of China, awarded to
Gangyi Wang, Grant No. 22BJY084; The Ministry of Education Program of China, awarded to Gangyi
Wang, Grant No. 21YJA790053; The Chongqing Yingcai Program Social Science Planning Project.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data is contained within the article.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Xiao, X.; Hu, B. Analysis on Food Consumption of Urban and Rural Residents-Based on QUAIDS and EASI Model. World Agric.

2022, 7, 67–81. [CrossRef]
2. Ma, F.; Jiao, J. A Study on the Impact of Urbanization on the Dietary Quality of Rural Residents. Agric. Econ. 2023, 80–81.
3. Sun, X.; Lu, C.; Zhang, X. Consumption Degrading or Stratification? Research on Dynamic Characteristics of Chinese Household

Consumption Trends. Commer. Res. 2019, 61, 25–35. [CrossRef]
4. Wang, H.; Liu, C.; Fan, H.; Tian, X. Rising Food Accessibility Contributed to the Increasing Dietary Diversity in Rural and Urban

China. Asia Pac. J. Clin. Nutr. 2017, 26, 738–747. [CrossRef] [PubMed]
5. Wei, H.; Ye, X.; Lin, Z.; Fan, S.; Luo, B.; Liu, S.; Huang, C. Accelerating the Construction of a New Development Pattern and

Promoting High-Quality Development of Agriculture in Rural Areas: An In-Depth Interpretation by Authoritative Experts of the
Spirit of the 20th National Congress of the Communist Party of China. Chin. Rural. Econ. 2022, 2–34. [CrossRef]

6. Liu, Q.; Liu, X.; Wang, S. Estimating China’s Food Grains Demand from 2020 to 2050 Based on Reasonable Dietary Pattern. Syst.
Eng. -Theory Pract. 2018, 38, 615–622.

7. Liu, X.; Ho, M.S.; Hewings, G.J.D.; Dou, Y.; Wang, S.; Wang, G.; Guan, D.; Li, S. Aging Population, Balanced Diet and China’s
Grain Demand. Nutrients 2023, 15, 2877. [CrossRef]

8. Liu, P.; Ma, Y.; Guo, Y. Influencing Factors of Food Consumption Expenditure of Rural Residents in Sichuan Based on LASSO
Method. Chin. J. Agric. Resour. Reg. Plan. 2020, 41, 213–219.

9. Wang, L. The Changes of China Family Structure and Lts Policy Lmplications-Thoughts on the “Modernization of a Huge
Population”. Popul. Dev. 2023, 29, 118–122+111.

10. Zhang, H.; Yang, F.; Ankrah Twumasi, M.; Chandio, A.A.; Sargani, G.R. Effects of Intergenerational Care Behavior on Residents’
Nutrition Intake—Descriptive Statistical Analysis of Rural China Survey 2010–2014. Foods 2023, 12, 118. [CrossRef]

11. Wu, H. Burden of Family Care for the Older Adults in Rural and Urban Areas in China in the Era of Rapid Ageing. Popul. Res.
2022, 46, 74–87.

12. Deng, T.; He, X.; Wan, J. The Impact of Living Arrangements on the Elderly Welfare from a Perspective of Intergeneration
Relationship:Evidence from Chinese Elderly Dietary Quality. J. Financ. Econ. 2016, 42, 39–48. [CrossRef]

13. Rodrigues, P.R.M.; Monteiro, L.S.; Cunha, D.B.; Sichieri, R.; Pereira, R.A. Adult Food Consumption by Household Composition:
An Analysis of the First National Dietary Survey, Brazil, 2008–2009. Public Health Nutr. 2020, 23, 193–201. [CrossRef] [PubMed]

https://doi.org/10.13856/j.cn11-1097/s.2022.07.007
https://doi.org/10.13902/j.cnki.syyj.2019.08.004
https://doi.org/10.6133/apjcn.052016.03
https://www.ncbi.nlm.nih.gov/pubmed/28582828
https://doi.org/10.1080/14765284.2021.1929785
https://doi.org/10.3390/nu15132877
https://doi.org/10.3390/foods12010118
https://doi.org/10.16538/j.cnki.jfe.2016.12.004
https://doi.org/10.1017/S1368980019002374
https://www.ncbi.nlm.nih.gov/pubmed/31475661


Foods 2024, 13, 190 13 of 14

14. Liu, C.; Yi, F.; Xu, Z.; Tian, X. Do Living Arrangements Matter?—Evidence from Eating Behaviors of the Elderly in Rural China.
J. Econ. Ageing 2021, 19, 100307. [CrossRef]

15. Li, L.; Zhai, S.; Bai, J. The Dynamic Impact of Income and Income Distribution on Food Consumption among Adults in Rural
China. J. Integr. Agric. 2021, 20, 330–342. [CrossRef]

16. Hou, M.; Qing, P.; Min, S. Multiple Indicators of Household Dietary Diversity in Rural China: Effects of Income and Dietary
Knowledge. Nutrition 2021, 91–92, 111406. [CrossRef] [PubMed]

17. Ren, Y.; Li, H.; Wang, X. Family Income and Nutrition-Related Health: Evidence from Food Consumption in China. Soc. Sci. Med.
2019, 232, 58–76. [CrossRef]

18. Rahman, A.; Mishra, S. Does Non-Farm Income Affect Food Security? Evidence from India. J. Dev. Stud. 2020, 56, 1190–1209.
[CrossRef]

19. Li, X.; Zhang, X. The Impact of Income and Agricultural Production Categories on Nutrition Intake of Rural Residents in China.
J. Huazhong Agric. Univ. 2020, 4, 37–49. [CrossRef]

20. Zhao, Y.; Fang, F.; Han, X. The Impact of Income Quality on the Diet Quality of Farming Households:Empirical Analysis Based
on a Survey in Shaanxi Province. Resour. Sci. 2023, 45, 1546–1559. [CrossRef]

21. Gao, K.; Hu, Q. How China’s Rural Elderly Security Operation Mode Realize the Sustainable Development: Analysis Based on
Typical Cases of National Elderly Security Industry in 2017. Agric. Econ. 2022, 44–59. [CrossRef]

22. He, Y.; Fang, Y.; Xia, J. Update of the Chinese Diet Balance Index: Dbi_16. Acta Nutr. Sin. 2018, 40, 526–530. [CrossRef]
23. Hu, Y.; Wei, H. Income Structure and Income Inequality of the Elderly in Rural China: The Present Situation of the Elderly in

Rural China. J. Nanjing Agric. Univ. 2022, 22, 45–57.
24. Cai, F.; Giles, J.; O’Keefe, P.; Wang, D. The Elderly and Old Age Support in Rural China: Challenges and Prospects; World Bank:

Washington, DC, USA, 2012; ISBN 978-0-8213-8685-9.
25. Zhou, L.; Zeng, Q.; Jin, S.; Cheng, G. The Impact of Changes in Dietary Knowledge on Adult Overweight and Obesity in China.

PLoS ONE 2017, 12, e0179551. [CrossRef] [PubMed]
26. Du, P.; Sun, J.; Zhang, W.; Wang, X. The Demands of Old-Age Care and the Family and Social Resources for the Chinese Elderly:A

Study Based on 2014 China Longitudinal Aging Social Survey. Popul. Res. 2016, 40, 49–61.
27. Cao, W.; Liu, G.; Zeng, L.; Feng, Y. The Impact of the Integration of Family Pension and Social Pension on Residents’ Savings Rate.

Econ. Res. J. 2023, 58, 172–190.
28. Hiza, H.A.B.; Koegel, K.L.; Pannucci, T.E. Diet Quality: The Key to Healthy Eating. J. Acad. Nutr. Diet. 2018, 118, 1583–1585.

[CrossRef]
29. Choi, Y.J.; Crimmins, E.M.; Kim, J.K.; Ailshire, J.A. Food and Nutrient Intake and Diet Quality among Older Americans. Public.

Health Nutr. 2021, 24, 1638–1647. [CrossRef]
30. Zhang, Y.; Feng, S.; Wang, X.; Chen, X. Evaluation of Dietary Nutrition and Health Effect: A Review. Food Sci. 2022, 43, 311–319.
31. Gong, S. Income Structure, Consumption Structure, and Engel’s Law: An Empirical Study Based on Rural Residents in China.

Soc. Sci. Res. 2013, 27–31.
32. Just, D.; Villa, K.; Barrett, C. Differential Nutritional Responses across Various Income Sources Among East African Pastoralists:

Intrahousehold Effects, Missing Markets and Mental Accounting. J. Afr. Econ. 2010, 20, 341–375. [CrossRef]
33. Song, Z.; Zou, H. Stratification in Growth: The Influence of Peer Effect on Household Consumption. Econ. Res. J. 2021, 56, 74–89.
34. Patterson, R.E.; Haines, P.S.; Popkin, B.M. Diet Quality Index: Capturing a Multidimensional Behavior. J. Am. Diet. Assoc.

1994, 94, 57–64. [CrossRef] [PubMed]
35. Krebs-Smith, S.M.; Pannucci, T.E.; Subar, A.F.; Kirkpatrick, S.I.; Lerman, J.L.; Tooze, J.A.; Wilson, M.M.; Reedy, J. Update of the

Healthy Eating Index: HEI-2015. J. Acad. Nutr. Diet. 2018, 118, 1591–1602. [CrossRef] [PubMed]
36. Shivappa, N.; Hebert, J.R.; Kivimaki, M.; Akbaraly, T. Alternative Healthy Eating Index 2010, Dietary Inflammatory Index and

Risk of Mortality: Results from the Whitehall II Cohort Study and Meta-Analysis of Previous Dietary Inflammatory Index and
Mortality Studies. Br. J. Nutr. 2017, 118, 210–221. [CrossRef] [PubMed]

37. Lee, M.S.; Lai, C.J.; Yang, F.Y.; Su, H.H.; Yu, H.L.; Wahlqvist, M.L. A Global Overall Dietary Index: ODI-R Revised to Emphasize
Quality over Quantity. Asia Pac. J. Clin. Nutr. 2008, 17, 82–86. [CrossRef]

38. He, Y.; Zhai, F.; Ge, K. Approaching Chinese Diet Balance Index. J. Hyg. Res. 2005, 34, 208–211.
39. Yuan, Y.-Q.; Li, F.; Dong, R.-H.; Chen, J.-S.; He, G.-S.; Li, S.-G.; Chen, B. The Development of a Chinese Healthy Eating Index and

Its Application in the General Population. Nutrients 2017, 9, 977. [CrossRef]
40. Meng, L.; Liu, J.; Zhang, J.; Wang, C.; Man, Q.; Li, L. Effect of Dietary Factors on Anaemia among Rural Elderly Women in

South-West China: A Case–Control Study. Public. Health Nutr. 2009, 12, 1540–1547. [CrossRef]
41. Xu, X.; Hall, J.; Byles, J.; Shi, Z. Assessing Dietary Quality of Older Chinese People Using the Chinese Diet Balance Index (DBI).

PLoS ONE 2015, 10, e0121618. [CrossRef]
42. Liao, X.; Jing, X.; Cheng, D.; Zhu, L.; Shi, L. Evaluation of Diet Quality of Rural Elderly Residents with Diet Balance Index in

Chengdu. Chin. J. Mult. Organ. Dis. Elder. 2022, 21, 735–740.
43. Yuan, C.; Xue, K.; Jin, W.; Gao, M.; Guo, H. Establishment and Verification of Dietary Balance Index for the Elderly. Geriatr. Health

Care 2021, 27, 43–46+55.
44. Leslie, W.; Hankey, C. Aging, Nutritional Status and Health. Healthcare 2015, 3, 648–658. [CrossRef] [PubMed]

https://doi.org/10.1016/j.jeoa.2021.100307
https://doi.org/10.1016/S2095-3119(20)63239-7
https://doi.org/10.1016/j.nut.2021.111406
https://www.ncbi.nlm.nih.gov/pubmed/34388584
https://doi.org/10.1016/j.socscimed.2019.04.016
https://doi.org/10.1080/00220388.2019.1640871
https://doi.org/10.13300/j.cnki.hnwkxb.2020.04.005
https://doi.org/10.18402/resci.2023.08.05
https://doi.org/10.13246/j.cnki.iae.20210916.002
https://doi.org/10.13325/j.cnki.acta.nutr.sin.2018.06.003
https://doi.org/10.1371/journal.pone.0179551
https://www.ncbi.nlm.nih.gov/pubmed/28644891
https://doi.org/10.1016/j.jand.2018.07.002
https://doi.org/10.1017/S1368980021000586
https://doi.org/10.1093/jae/ejq038
https://doi.org/10.1016/0002-8223(94)92042-7
https://www.ncbi.nlm.nih.gov/pubmed/8270756
https://doi.org/10.1016/j.jand.2018.05.021
https://www.ncbi.nlm.nih.gov/pubmed/30146071
https://doi.org/10.1017/S0007114517001908
https://www.ncbi.nlm.nih.gov/pubmed/28831955
https://doi.org/10.6133/apjcn.2008.17.s1.20
https://doi.org/10.3390/nu9090977
https://doi.org/10.1017/S1368980008004606
https://doi.org/10.1371/journal.pone.0121618
https://doi.org/10.3390/healthcare3030648
https://www.ncbi.nlm.nih.gov/pubmed/27417787


Foods 2024, 13, 190 14 of 14

45. Pilgrim, A.L.; Robinson, S.M.; Sayer, A.A.; Roberts, H.C. An Overview of Appetite Decline in Older People. Nurs. Older People
2015, 27, 29–35. [CrossRef] [PubMed]

46. Thompson, L.A.; Chen, H. Physiology of Aging of Older Adults: Systemic and Oral Health Considerations—2021 Update. Dent.
Clin. 2021, 65, 275–284. [CrossRef]

47. Vásquez, F.; Vita, G.; Müller, D. Food Security for an Aging and Heavier Population. Sustainability 2018, 10, 3683. [CrossRef]
48. Zhong, F.; Xiang, J.; Zhu, J. Impact of Demographic Dynamics on Food Consumption—A Case Study of Energy Intake in China.

China Econ. Rev. 2012, 23, 1011–1019. [CrossRef]
49. Agbozo, F.; Amardi-Mfoafo, J.; Dwase, H.; Ellahi, B. Nutrition Knowledge, Dietary Patterns and Anthropometric Indices of Older

Persons in Four Peri-Urban Communities in Ga West Municipality, Ghana. Afr. Health Sci. 2018, 18, 743–755. [CrossRef]
50. Cockx, L.; Colen, L.; De Weerdt, J. From Corn to Popcorn? Urbanization and Dietary Change: Evidence from Rural-Urban

Migrants in Tanzania. World Dev. 2018, 110, 140–159. [CrossRef]
51. Majerova, J.; Sroka, W.; Krizanova, A.; Gajanova, L.; Lazaroiu, G.; Nadanyiova, M. Sustainable Brand Management of Alimentary

Goods. Sustainability 2020, 12, 556. [CrossRef]
52. Cramarenco, R.; Burcă-Voicu, M.; Dabija, D.-C. Organic Food Consumption During the COVID-19 Pandemic. A Bibliometric

Analysis and Systematic Review. Amfiteatru Econ. J. 2023, 25, 1042–1063. [CrossRef]
53. Zhang, Z.; Xu, Z. Impacts of Dietary Knowledge and Income Growth on Calorie Intake in Overweight Individuals:Based on

Weight Management Decision Model. Res. Agric. Mod. 2020, 41, 104–114. [CrossRef]
54. Finaret, A.B.; Masters, W.A. Beyond Calories: The New Economics of Nutrition. Annu. Rev. Resour. Econ. 2019, 11, 237–259.

[CrossRef]
55. Bennett, M.K. International Contrasts in Food Consumption. Geogr. Rev. 1941, 31, 365–376. [CrossRef]
56. Rathu Manannalage, K.M.L.; Chai, A.; Ratnasiri, S. Eating to Live or Living to Eat? Exploring the Link between Calorie Satiation,

Bennett’s Law, and the Evolution of Food Preferences. J. Evol. Econ. 2023, 33, 1197–1236. [CrossRef]
57. Liesbeth, C.; Melo, P.C.; Abdul-Salam, Y.; Roberts, D.; Mary, S.; Gomez y Paloma, S. Income Elasticities for Food, Calories and

Nutrients across Africa: A Meta-Analysis. Food Policy 2018, 77, 116–132. [CrossRef]
58. Qin, Y.; Cowan, A.E.; Bailey, R.L.; Jun, S.; Eicher-Miller, H.A. Usual Nutrient Intake and Dietary Quality of Low-Income U.S.

Older Adults. Appl. Econ. Perspect. Policy 2023, 45, 317–335. [CrossRef]
59. Van Den Broeck, G.; Mardulier, M.; Maertens, M. All That Is Gold Does Not Glitter: Income and Nutrition in Tanzania. Food

Policy 2021, 99, 101975. [CrossRef]
60. Thaler, R. Mental Accounting and Consumer Choice. Mark. Sci. 1985, 4, 199–214. [CrossRef]
61. Lu, Y.; Zhou, Y.; Liu, P.; Zhang, S. A Study on the Influence of the Income Structure on the Consumption Structure of Rural

Residents in China. Sustainability 2022, 14, 10380. [CrossRef]
62. Wen, T.; Tian, J.; Wang, X. Research on the Effect of Farmers’ Income Structure on the Overall Consumption Structure and

Regional Difference. China Soft Sci. 2013, 42–52.
63. Gong, S. How Income Volatlity of China Rural Residents Afects Consumption Volatlity? An Empirical Study Based on the

Perspective of Structure. J. Nanjing Agric. Univ. 2014, 14, 19–25.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.7748/nop.27.5.29.e697
https://www.ncbi.nlm.nih.gov/pubmed/26018489
https://doi.org/10.1016/j.cden.2020.11.002
https://doi.org/10.3390/su10103683
https://doi.org/10.1016/j.chieco.2012.05.005
https://doi.org/10.4314/ahs.v18i3.33
https://doi.org/10.1016/j.worlddev.2018.04.018
https://doi.org/10.3390/su12020556
https://doi.org/10.24818/EA/2023/S17/1042
https://doi.org/10.13872/j.1000-0275.2020.0005
https://doi.org/10.1146/annurev-resource-100518-094053
https://doi.org/10.2307/210172
https://doi.org/10.1007/s00191-023-00828-4
https://doi.org/10.1016/j.foodpol.2018.04.002
https://doi.org/10.1002/aepp.13328
https://doi.org/10.1016/j.foodpol.2020.101975
https://doi.org/10.1287/mksc.4.3.199
https://doi.org/10.3390/su141610380

	Introduction 
	Data and Methodology 
	Data Source 
	Model Settings 
	Variable Description 
	Dependent Variable 
	Independent Variable 
	Control Variables 
	Dietary Quality of Rural Elderly Population 


	Empirical Results 
	Benchmark Regression Analysis 
	Robustness Analysis 
	Robustness Testing 
	Endogeneity Testing 

	Heterogeneity Analysis 
	Heterogeneous Effects on the Degree of Dietary Imbalance 
	Analysis of Dietary Quality Estimation Results for Different Income Groups 


	Discussion 
	Conclusions 
	Recommendations 
	References

