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Objective: This article analyzes the relationship between intrahousehold
empowerment gaps and food and nutrition security using quantitative data
collected through a household survey organized by the Agricultural Information
Institute, Chinese Academy of Agricultural Sciences (CAAS-AII), in 2023.

Methods: Based on empowerment theory, this study measured the relative
empowerment of spouses from the Abbreviated Women's Empowerment in
Agriculture Index (A-WEAI).

Results: From the micro-level evidence of 468 rural households, this study
found that intrahousehold empowerment gaps harm the diversity of household
diets. In particular, reducing gender gaps in access to resources, leadership,
and income can help diversify household diets. However, data on the impact
of shortening the difference in working hours between wives and husbands for
the benefit of food safety are yet to be conclusive. Additionally, gender gaps in
the group of non-coresident mothers-in-law and non-migrants hurt household
food security.

Conclusion: The paper also provides further justification for policies and
interventions that aim to improve women'’s bargaining position in the household.

KEYWORDS

intrahousehold empowerment gaps, women’'s empowerment, gender inequality, dietary
diversity, China

1 Introduction

The number of challenges to eliminating hunger, food insecurity, and all forms of
malnutrition keep rising (1). In 2020, the average global cost of a healthy diet was USD
3.54 per person per day, reflecting a 3.3 and 6.7% increase from 2019 and 2017, respectively.
The number of people unable to afford a healthy diet globally has increased by 112 million
to nearly 3.1 billion due to increased food prices from 2019 to 2020 (1), which further
increases world hunger, severe food insecurity, and different forms of malnutrition.

However, current policies supporting food and agriculture need to reduce hunger, food
insecurity, and malnutrition more effectively (1). It has been widely recognized that low
levels of dietary diversity are unfavorable for the transition of agrifood systems to higher
nutritional values (2, 3). Increasing women’s empowerment is essential for wellbeing and
positively impacts food security, diet diversity, and child nutrition (1, 4-16).

Recently, the global development discourse has recently shifted from food
security to food and nutrition security, emphasizing the need to understand
gender dynamics in agriculture to attain global nutritional goals (17-21).
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Specifically, several empirical studies in development economics
have attempted to identify the potential benefits of expanding
women’s agency in the household. Historically, the simplest family
decision-making models have depended on a unitary household
model (22, 23). Such models effectively suppose that family
members pool resources and share the same preferences. Yet, a
considerable body of research suggests that the relative decision-
making abilities of both husbands and wives within the household
are closely related to the allocation of resources in the collective
family (e.g., income, food, health care, etc.); in other words, most
households do not necessarily pool their resources, and spousal
preferences can be viewed as heterogeneous in many contexts (24—
31). Thus, household welfare outcomes are affected by the relative
decision-making ability of males and females within the same
household (9, 24, 25, 32-34).

The Yunnan province of China is a region primarily populated
by ethnic minorities characterized by widespread low levels of
education and poor diet quality. Gender norms deeply permeate the
power dynamics within families, and both spouses are influenced
by traditional gender culture (25, 35). Only the husband’s
preferences determine the distribution of resources and income,
and women’s family status is low. However, to our knowledge,
the gender gaps in decision-making are rarely integrated when
studying dietary diversity and directing policy interventions in
transforming the agrifood system toward a healthy diet (36, 37).

This paper draws from the theory of “intra-household
bargaining” offered by Sen and illustrates how inequality between
different household members affects decision-making processes
and the allocation of resources (38). The results of this study are
consistent with a range of developing county contexts (39-42),
emphasizing the shifts in women’s decision-making abilities, which
have led to changes in welfare and other outcomes for women
and households.

Our study aims to bring fresh insights into the relationship
between gender inequality and food consumption within
agricultural households in China. First, we broadly measured
empowerment levels based on the empowerment theory (43) and
the developed tools of the Abbreviated Women’s Empowerment
in Agriculture Index (A-WEAI) (6, 44, 45), considering matters
beyond single- or few-household decisions (46) that may
have missed meaningful variation in spousal ability across
different decisions. Second, unlike prior studies (47), this paper
reports on both spouses’ relative authority, which is essential to
understanding how intrahousehold empowerment gaps affect
household development.

2 Methods and materials
2.1 Study area

The study was conducted in Jiangcheng County and Simao
district of Yunnan Province, located in Southwestern China (see
Figure 1). Mountains characterize the landscape of these areas, and
the average altitude is above 1,300 meters. Agricultural production
is mainly cultivated through drought-tolerant crops (such as
corn) and cash crops (flue-cured tobacco and tea); 98.76% of
the cultivated land is not irrigated, and irrigation depends on
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the weather (48). In 2023, the households™ per capita net income
amounted to CNY 20,661, with 55% attributed to agricultural
production. A monotonous diet remains a significant problem for
smallholder farmers in these districts, as they mainly consume
grains and vegetables, and consuming eggs, milk, and meat is
insufficient (36). Women are primarily responsible for tea picking
in these areas, spending an average of 7.56 hours per day engaged
in this activity'. In addition, women are responsible for caring for
the family, devoting ~3h per day to this activity, much more than
those of men (49).

2.2 Study design and sampling

We employed quantitative data from a household survey
facilitated by the Agricultural Information Institute of the Chinese
Academy of Agricultural Sciences (CAAS-AII). Random sampling
was used for our research including counties (N = 2) covered
by the CAAS-AII program, town (N = 6), village (N = 13), and
households (N = 520).

The survey targeted currently married male and female
households. A combined total of 500 women (96.2% response rate)
and 513 men (98.7% response rate) were successfully interviewed.
As the primary interest of the present study was intrahousehold
gender gaps and food consumption, we restricted our sample to
489 married houeholds, in whom both wife and husband were
interviewed. Further excluding couples with missing data in certain
items, our final sample for this study consisted of 468 households
(Table 1).

2.3 Data collection and variables

Data collection was conducted between March and April 2023
and was completed by seven researchers and 30 enumerators.
Before the formal research, we tested the questionnaire content in
non-sample households (N = 111) and finalized the questionnaire
after several rounds of revision and discussion with enumerators
and researchers.

As the primary interest of the present study was intrahousehold
gender gaps and food consumption, the research team behind
this paper developed specific modules on the topics at the
individual, gender and household levels. Specifically, individual
modules include the general demographic characteristics of
household members; gender-specific modules, e.g., male and female
personal social network, mental health status, attitudes toward
risk and value, time and social preferences, and perceptions of
empowerment; household modules contain general information on
the household’s agricultural production, financial situation, food
consumption, income and expenditure, and risk shocks. Among
them, the male answered all questions in the survey, and the
female answered the same questions in gender-specific modules.
Spouses were interviewed separately and individually to reduce
response bias.

1 The authors calculated based on survey data.
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FIGURE 1
Map of the study area.
TABLE 1 Sample description of the study. decisions regarding the use of income” “If the respondent is a
County Town (N)  Village (N) Household member of at least one economic or social group,” and “If the
(N) respondent works more than 10.5h a day, including household
chores, care of children and elders, agricultural activities, non-farm
Jiangcheng 3 7 284 X " R . R
production, etc.”. When the interviewee answers each question, a
Simao ‘ 3 ‘ 6 ‘ 184 dummy variable is generated accordingly, i.e., 1 = yes; 0 = no.
Total ‘ 6 ‘ 13 ‘ 468 Noteworthy, assigned a value of 0 when respondent answered that

The outcome variable of interest in this study was the
household dietary diversity. Dietary data was collected on
consumption status in twelve food groups of the household in the
past day, including cereals, stems, vegetables, fruits, meat, eggs,
fish and seafood, milk, legumes, fats, sugars, and condiments. To
reduce recall bias, enumerators surveyed households about their
food consumption the previous day on the following morning by
asking, “Did you eat this food yesterday?”.

Eventually, this paper following the FAO’s “food group-
based indicators” (FGIs) method-household dietary diversity score
(HDDS)-to measure household dietary diversity (50, 51). The
households’ 24-h food consumption recall data was categorized into
twelve major food groups, each food group was assigned one point
based on whether they had been consumed in the past day and vice
versa (52, 53).

The key explanatory variable was the empowerment gaps,
measured using the Relative Empowerment Score (RES). Mainly,
we collected empowerment data for wives and husbands separately
and individually by asking, “If the respondent participates in an
agricultural income-generating activity individually and jointly;” “If
the respondent solely or jointly owns land, buildings, or vehicles,”
“If the respondent participates in decision making concerning

»

credit individually or jointly,” “If the respondent participates in
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he/she works more than 10.5h a day, and vice versa to 1.

Then, based on the empowerment theory (43), we calculated
the empowerment score by employing the developed tools of the
Abbreviated Women’s Empowerment in Agriculture Index (A-
WEATI) (6, 44, 45). First, we calculated individual-level (male and
female) empowerment adequacy scores for six indicators under five
dimensions: production, resources, income, leadership, and time
(Table 2). Next, weighted scores defined by the A~-WEAI scoring
scheme (45) were summed up to calculate the aggregated overall
empowerment scores underlying the individual-level data. Lastly,
we constructed a continuous relative empowerment score for each
household by comparing the primary male and female respondents.

Other covariables potentially associated with the dependent
variable were selected based on the extant literature (36, 44),
including the age of the household head, the education level of the
household head, the health status of the household head, household
size, the area of cultivated land, communication expenditure,
household income, household wealth, social network, etc.

Information on the age of the household head (years), and
the education level of the household head (years of formal
education) from the husband’s response. The household wealth
variable measured by a five-item categorical variable, with five
indicating very rich and one indicating extreme poor. The social
network variable is also a five-item categorical variable; higher
numbers represent a higher frequency of communication with
other people. The health status variable is a binary variable; a
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TABLE 2 Indicators for calculating the empowerment score.

10.3389/fnut.2024.1365652

Domain Indicator Definition of adequacy Weight

Production Input in productive If the respondent participates in an agricultural income-generating activity individually and 1/5
decisions jointly: 1 = Yes; 0 = No

Resources Ownership of assets If the respondent solely or jointly owns land, buildings, or vehicles: 1 = Yes; 0 = No 2/15
Decisions on credit If the respondent participates in decision making concerning credit individually or jointly: 1 1/15

= Yes; 0 = No

Income Control over use of If the respondent participates in decisions regarding the use of income: 1 = Yes; 0 = No 1/5
income

Leadership Group membership If the respondent is a member of at least one economic or social group: 1 = Yes; 0 = No 1/5

Time Workload If the respondent works more than 10.5h a day: 1 = No; 0 = Yes 1/5

value of one was assigned when the household head received
medical treatment in the last 12 months. Otherwise, a value of
zero was assigned. The household income variable was constructed
by adding income from different income-generating activities
(e.g., agricultural, non-agricultural, or both). The communication
expenditure variable was created by summing the household
members’ cash expenditure on communication-related products,
services, and activities (54, 55).

2.4 Data analyses

All data analyses were performed using the statistical software
STATA v15 (56). Descriptive statistics were sourced from the
mean and standard deviation of individual data for males and
females, as well as other data related to the household level. A
correlation test analyzed the associations between dietary quality
and demographics. For dietary diversity, the HDDS values were
divided into three groups following the Food and Nutrition
Technical Assistance (FANTA) proposal (57): Low Diet Diversity
(LDD) score < six food groups; Medium Diet Diversity (MDD)
score < eight food groups; High Diet Diversity (HDD) score >
eight food groups.

Multivariable regression models (using a p-value < 0.10 to
define significance) were conducted to capture the correlation
between each explanatory variable and outcomes regarding diet
diversity, and the overall empowerment gaps were expanded into
five specific dimensions (production, resources, income, leadership,
and time). Furthermore, we used the household dietary diversity
score based on nine major food groups (HDDS9)— cereals, stems,
vegetables, fruits, meat, eggs, fish and seafood, milk, and legumes—
as an alternative measure of diet diversity to examine the robustness
of the results.

More importantly, Ordinary Least Squares (OLS) is used
because the explanatory variables are uncorrelated with the
disturbance term. However, the explanatory variables are often
correlated with the disturbance term in reality, leading to
inconsistency in the OLS. Therefore, we also estimated the
correlation through the standard Instrumental Variable (IV)
method (24, 46), and the validity of the instrumental variable
was tested using a two-stage least squares (2SLS) method (58,
59). Specially, following Sraboni et al., we used an instrument
variable, i.e., whether an area has suffered natural disasters during
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the previous year that are likely to be correlated with women’s
abilities to exercise agency and negotiate with their husbands and
exogenous to the current period’s decisions regarding household
diet (44). Multicollinearity was evaluated using the variance
inflation coefficient (VIF < 10) to remove any outliers from the
analyses (60).

2.5 Empirical specification and estimating
methods

When estimating the impacts of the empowerment gap on
household dietary diversity in China, we specified the basic model
as follows:

HDDS = ho 4+ MRES + A, HCG + AsH + A4 I + 0 (1)

In Equation 1, HDDS, a continuous variable measuring dietary
diversity at the household level, spans from zero to twelve,
corresponding to the number of consumed food groups. RES
presents the difference in male and female empowerment scores.
Higher numbers indicate more significant empowerment gaps
between husband and wife, and zero indicates perfect equality; the
Human Capital Gap (HCG) measures the difference in male and
female human capital for a household; it is a continuous variable;
H and I represent household and individual characteristics,
respectively, including the age of the household head, the education
level of the household head, the health status of the household
head, household size, the area of cultivated land, communication
expenditure, household income, household wealth, social network
(36, 44); A; are the parameters to be estimated; and ¥ is an
error item.

3 Results

3.1 Descriptive statistics

Our study was conducted in areas that are considered targets
for China’s national food security measures. As shown in Table 3,
both spouses are seemingly of a moderate age; the average age
of the husband and wife was 51.2 and 49.5 years, respectively,
with 23.4% of males and 19.0% of females aged 60 and above.
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TABLE 3 The baseline characteristics of all interviewers by gender.

10.3389/fnut.2024.1365652

Variable Total sample Male (n = 468)° Female (n = 468)®

(N = 468)?
Individual characteristics
Age (years, mean & SD) 51.00 £ 10.88° 51.15+10.95 49.46 £ 11.78 1.33
Education (years, mean =+ SD) 6.41 + 3.28¢ 6.48 +3.22 5.47 + 3.67 1.38
Health status (%)° 1.10
0=no 60.04 - - -
1=yes 39.96 - - -
Empowerment score (mean =+ SD) - 0.740 £ 0.209 0.670 £ 0.260 1.05
Production (%) - 86.32 73.50 -
Resources (%) - 89.96 69.02 -
Income (%)° - 76.28 77.78 -
Leadership (%) - 10.90 12.83 -
Workload (%)" - 36.54 35.47 -
Household characteristics
HDDS (mean =+ SD) 7.05 + 1.49 - - -
Household size (person, mean =+ SD) 4.11 £+ 1.47 - - 1.25
Household wealth (%) 1.10
1 = very poor 6.24 - - -
2 = poor 33.12 - - -
3 = average 58.49 - - -
4 =rich 1.94 - - -
5 = very rich 0.22 - - -
Area of arable land (mu, mean + SD) 19.46 £ 15.27 - - 1.11
Communication expenditure (CNY 1,000, 237 £ 1.52 - - 1.26
mean + SD)
Household income (CNY 1,000, mean + SD) 19.16 + 36.09 - - 1.24
Social networks (%) 1.03
1 = never communicate 12.23 - - -
2 = occasionally communicate 15.45 - - -
3=sometimes communicates 31.76 - - -
4=more often communicates 26.39 - - -
5 = often 14.16 - - -

Continuous variables are presented as Mean =+ SD; Categorical variables are presented as %.
2Unit of N is the household.

Y Unit of 7 is the individual.

“Denotes the age of the household head.

4Denotes the education level of the household head.

¢Denotes the health status of the household head.

fReference group: 0 = no.

The intermediate education level of both spouses was low (<7
years), and the education level of males was 1 year higher than
that of females. The diet diversity level of households in the
sample area was low, with 63.3% of households below the average
dietary score of 7.05. Regarding household wealth, 39.3% of
households were poor or severely poor. In terms of household
income, the per capita net income of the households was CNY
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8,657.8 in 2023; according to China’s 2022 poverty line standard
(4,000 CNY/year), 23.9% of the region’s population was below the
poverty line.

Overall, the empowerment level of the wife was lower than
that of the husband within the same household. The average
empowerment score of males was 0.05 points higher than
that of females. Specifically regarding the five dimensions of
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empowerment, men’s empowerment in production, resources, and
income exceeded women’s by 12.8, 20.9, and 1.5%, respectively. Yet,
men are less involved in the community than women (1.9%), and
the number of men with a heavier workload was one percent higher
than that of women.

3.2 Correlation analysis

The diet diversity of the studied households correlates with the
demographics. As shown in Figure 2, 84.2% of the households had
a lower dietary diversity score than the target value (9.43) needed
to assess household diet security. The age difference in the LDD
group was 2.08 years, significantly lower than that of the HDD
group. Similarly, the education difference decreased from 1.43 years
in the LDD group to 0.41 years in the HDD group. This suggests
that differences in capital can affect diet quality, even when other
factors remain unchanged—the more significant the age difference
between spouses, the higher the household’s diet diversity level.
Conversely, the narrower the gap in education levels, the more
diverse the diet. In addition, the statistical results also showed that
the relative empowerment score was negatively correlated with
household diet diversity; the smaller the gender empowerment
gaps, the more diverse the diet. Specifically, the LDD group had
an empowerment gap of 0.08 points, significantly higher than the
other two groups.

3.3 Multivariable regression models

Table 4 displays that intrahousehold empowerment gaps are
detrimental to household diet diversity. The coeflicient of the
variable of RES was negative at a 1% level of significance (B =
—0.56), indicating the negative impact of empowerment gaps on
diet diversity. In particular, a unit increase in relative empowerment
score decreased the likelihood of household diet diversity by 56%
at a 1% significance level. This implies that households that close
gender gaps are more likely to improve their diet quality.

The results in the third column show that the coeflicient
of education difference was negative and significant at a 5%
significance level (B = —0.05), demonstrating that a unit percent
increase in education difference resulted in a 0.05 point decrease in
diet diversity score. This suggests a negative association between
differences in capital and household diet diversity. However,
when the household characteristic variables were incorporated
into the model, the coefficient of education difference was
non-significant, which means that human capital difference has
less of an impact on household food security than household
resources do.

Table 4 shows the diverse impacts of control variables on
household dietary diversity. The coefficient for the education levels
of household heads yielded a significant positive impact (B =
0.05), reflecting the beneficial impact of educational attainment.
Household wealth conveyed that a one-unit increase led to a
0.25-unit rise in dietary diversity, highlighting the positive impact
of improved wealth status. Similarly, land size demonstrated
that a 1% increase resulted in a similar increase in dietary
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diversity. Communication expenditure indicated a significantly
positive impact, implying a 25% rise in diet diversity with a 1%
increase in expenditure. Significantly, social networks also had
a positive impact, facilitating diet diversification. On the other
hand, the household head’s health status hinted at a substantial
decrease in dietary diversity with a 1% deterioration. In contrast,
other variables like the household head’s age, household size, and
income had no significant effect on household diet diversity in the
model.

When examining the diverse effects of different empowerment
domains on household diet diversity, we uncovered strong evidence
suggesting that empowerment gaps diminish household food
security. As presented in Table 5, we estimated other model
regressions run separately on the five A-WEAI domains (expressed
as dummy variables, where 1 indicates an empowerment gap, and
0 indicates no empowerment gap) with the same household and
individual controls as Table 4.

The coefficient of empowerment gaps in the resource domain
was negative and significant at a 1% significance level (8 = —0.446).
This implies that reducing the gender gaps in resource access can
help diversify household diets. The estimates of empowerment
gaps in leadership and income domains were also negative and
significantly correlated with household diet diversity. This suggests
that an increase in female’s participation in groups and discretion
over income relative to males is likely to improve diet quality.
However, the coeflicient of the empowerment gaps in the time
domain was positive and had no significant effect on household diet
diversity, indicating that reducing the difference in working hours
between wife and husband is beneficial to family food safety under
certain conditions. The coefficient of the education difference
in leadership and time domain suggests a strong and negative
association between human capital difference and household
diet diversity.

Overall, intrahousehold empowerment gaps were found
to be detrimental to diet diversity, but differences in dietary
quality among different types of farmers deserve further
exploration. As shown in Figure 3, the relative empowerment
score coefficient of the group comprising non-migrant husband
was negative and significant at a 5% level of significance (B =
—0.524), and improving women’s empowerment level could
improve the dietary quality of these farmers. Similarly, gender
gaps in the group of non-coresident mothers-in-law had a
—0.516);
narrowing the empowerment gap made it easier to achieve

negative effect on household food security (B =

household dietary diversity. For other farmers, there was no
correlation between intrahousehold empowerment gaps and
dietary diversity.

3.4 Robustness test

The results in Table 6 and Figure 4 are consistent with the
findings in Tables 4, 5. The relative empowerment score negatively
and significantly affected household diet diversity (HDDS9), and
the empowerment gaps in the resource domain were negative and
significantly correlated with household diet diversity (8 = —0.347).
The results of the econometric analysis were robust across the
different measures of diet diversity.
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FIGURE 2
Spousal differences based on different household diet diversity scores (HDDS).

TABLE 4 Multiple regression analysis identifying the influence of the empowerment gaps on household dietary diversity score (HDDS).

Variables

Relative empowerment score

Column 1

—0.383* (0.208)

Column 2

—0.377* (0.228)

Column 3

—0.497** (0.222)

Column 4

—0.563"* (0.216)

Age difference

0.003 (0.012)

0.004 (0.011)

0.003 (0.010)

Education difference

—0.036* (0.021)

—0.046"* (0.022)

—0.035 (0.022)

Age of household head

—0.006 (0.007)

—0.001 (0.007)

Education of household head

0.057** (0.025)

0.045* (0.025)

Health status of household head

—0.473** (0.148)

—0.307** (0.149)

Household size

—0.061 (0.057)

Household wealth

0.248"* (0.116)

Area of arable land

0.010** (0.005)

Communication expenditure

0.110** (0.051)

Household income

0.044 (0.089)

Social networks

0.113* (0.059)

Constant 7.077*** (0.069)

7.163"* (0.083) 7313 (0.481) 6.118"* (1.016)

N 468

468 468 468

*p < 0.1, p < 0.05, ***p < 0.01.

3.5 Endogeneity test

The regression results for the instrumental variable are shown
in Table 7. The first-stage regression results showing that the
instrumental variable was significantly positively correlated with
the endogenous variable of relative empowerment score (B =
0.181, P < 0.001). Furthermore, the minimum eigenvalue statistic
value was >10 (12.40), rejecting the null hypothesis of the weak
instrumental variable. Compared with the OLS model, the IV-
2SLS estimation method did not change the direction of the
estimation coeflicient of the relative empowerment score of the
endogenous variable (B = —3.846). It was statistically significant at
a 5% level of significance. Regarding the coefficients of endogenous
variables in the two regressions, the IV-2SLS method alleviates
the estimation bias caused by OLS endogeneity. Thus, through
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using the instrumental variable approach, we can also conclude that
gender gaps are not conducive to household dietary diversity.

4 Discussion

Our study areas were selected based on the fact that low
dietary diversity and inadequate women’s empowerment remain
significant problems for smallholder farmers in the aforementioned
regions. Our findings support the negative association between
intrahousehold empowerment score and diet diversity. This study’s
results are inconsistent with those of Quisumbing et al., who noted
that the relative empowerment score has no effect on household
diet diversity in some African and Asian countries (34). The
results of this study also differ those of from Malapit et al,
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TABLE 5 Male—female differences in five empowerment domains and household dietary diversity score (HDDS).

10.3389/fnut.2024.1365652

Production Resource Income Leadership Time
Empowerment gaps —0.174 (0.143) —0.446%* (0.141) —0.262% —0.542* 0.237 (0.207)
(0.142) (0.022)
Age difference 0.001 (0.010) 0.001 (0.010) 0.004 (0.010) 0.002 (0.010) 0.002 (0.010)
Education difference —0.036 (0.022) —0.035 (0.022) —0.033 (0.022) —0.037* —0.038* (0.022)
(0.022)
Age of household head —0.002 (0.007) —0.001 (0.007) —0.003 (0.007) | —0.003 (0.007) —0.002 (0.007)

Education of household head

0.042* (0.025)

0.042* (0.024)

0.041* (0.025)

0.038 (0.025)

0.045* (0.025)

Health status of household head —0.270* (0.149) —0.287* (0.148) —0.253* —0.241 (0.149) —0.279* (0.149)
(0.149)
Household size —0.065 (0.057) —0.060 (0.057) —0.062 (0.057) —0.065 (0.057) —0.071 (0.057)

Household wealth

0.234** (0.116)

0.234** (0.115)

0.240** (0.116)

0.224* (0.116)

0.237** (0.116)

Area of arable land

0.008 (0.005)

0.009* (0.005)

0.009* (0.005)

0.008 (0.005)

0.008* (0.005)

Communication expenditure

0.112** (0.051)

0.111** (0.051)

0.116"* (0.051)

0.116™* (0.051)

0.113** (0.051)

Household income

0.056 (0.089)

0.068 (0.088)

0.045 (0.089)

0.045 (0.089)

0.052 (0.089)

Social network

0.105* (0.060)

0.102* (0.059)

0.101* (0.060)

0.116* (0.060)

0.110* (0.060)

Constant 6.135°* (1.023) 6.030** (1.012) 6.2817 6.7917 5.913%* (1.040)
(1.024) (1.091)
N 468 468 468 468 468

*p <0.1,"p < 0.05, **p < 0.01.
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FIGURE 3
Analytical graph of grouped regression results. “p < 0.05.
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who reported that relative bargaining power in the household
appears to be only weakly correlated with children’s nutritional
status (25). Therefore, the findings of this paper strengthen the
view that promoting gender equality is also brilliant from an
economic perspective, increasing productivity and improving other
development outcomes, including the prospects for the next
generation (21).

The integrative effects of different empowerment domains on
household diet diversity are not yet conclusive. Our estimations

Frontiersin Nutrition

show that increasing female participation in social/economic
groups can help diversify household diets. Similar evidence
was found by Malapit, who reported that the gender gaps in
group membership are negative and significantly correlated with
children’s weight-for-age in Bangladesh (18). Our results show
that reducing the empowerment gaps pertaining to resource access
can improve household diet quality. This is in line with earlier
research (10, 12, 32), who found that improving women’s status
in terms of resources increases the likelihood of more resources
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TABLE 6 Robustness test on the empowerment gaps and dietary diversity.

Column 1

Relative empowerment score —0.357* (0.191)

Column 2

—0.338 (0.210)

10.3389/fnut.2024.1365652

Column 3 Column 4

—0.461™* (0.204) —0.523" (0.194)

Age difference

0.007 (0.010) 0.007 (0.010) 0.006 (0.009)

Education difference

—0.024 (0.019)

—0.035* (0.019) —0.026™** (0.020)

Age of household head

—0.005 (0.006) —0.001 (0.007)

Education of household head

0.054** (0.023) 0.042* (0.022)

Health status of household head

—0.495*** (0.131) —0.363"** (0.134)

Household size

—0.023 (0.051)

Household wealth

0.227* (0.104)

Area of arable land

0.007** (0.004)

Communication expenditure

0.090** (0.046)

Household income

0.006 (0.080)

Social network

0.136** (0.053)

Constant 4.830*** (0.062)

4.875*** (0.074)

4.978%** (0.419) 4.313** (0.914)

N 468

468 468 468

*p <0.1,p < 0.05,p < 0.01.
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variable are listed; ***p < 0.01.

Household dietary diversity score

Robustness test of gender gaps and diet quality in different dimensions. Due to spatial limitations, only the regression results of the key explanatory

0.277

Time

lrIe Le hip

-0.173

-0.309

being allocated for food consumption and improves diet diversity.
In addition, our findings suggest that increasing women’s control
over income improves dietary diversity in the same households.
This finding aligns with earlier studies that show that enhancing
women’s income decision-making power increases a household’s
ability to mitigate poverty and ensure food safety (7, 16).

However, the tradeoffs between empowerment domains that we
have uncovered are consistent with the findings of the systematic
reviews (4, 8, 9) that imply that not all empowerment domains are
correlated with food and nutrition security. Our findings advise
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against assuming that policy measures to address food insecurity
and malnutrition will inherently enhance diet diversity outcomes.
This caveat parallels Quisumbing et al.’s argument, emphasizing
the need to involve women in nutrition-sensitive programs while
intervening to protect and enhance their social status, decision-
making ability, overall empowerment, and capacity to manage
their time, resources, and assets (34). This highlights the essential
nature of policies and interventions to empower women through
increased decision-making power over assets, enhanced access to
credit resources, and improved leadership in their communities.
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TABLE 7 Results regarding the instrumental variable.

OLS

—0.563"* (0.216)

IV-2SLS

Relative empowerment score —3.864** (1.526)

Age difference 0.003 (0.010) 0.008 (0.013)

Education difference —0.035 (0.022) —0.037 (0.028)

Age of household head —0.001 (0.007) 0.010 (0.011)

Education of household head 0.045* (0.025) 0.070** (0.033)

Health status of household
head

—0.307** (0.149) —0.538"* (0.216)

Household size —0.061 (0.060) —0.035 (0.073)

Household wealth 0.248** (0.116) 0.384* (0.152)

Area of arable land 0.010** (0.005) 0.018** (0.007)

Communication expenditure 0.110** (0.051) 0.094 (0.065)

Household income 0.044 (0.089) —0.005 (0.114)

Social network 0.113* (0.059) 0.149** (0.076)

Constant 6.118"** (1.016) 5.771"* (1.297)
Minimum eigenvalue statistic 12.40
N 468

*p < 0.1,%*p < 0.05, **p < 0.01.

Expanding social networks in rural areas is a promising strategy
to enhance dietary security and nutrition. The coefficient of the
variable for social networks is significantly positive, suggesting
that social resources contribute to the achievement of dietary
diversity. The coefficient of the variable for social networks is
significantly positive, suggesting that social resources contribute to
the achievement of dietary diversity. Considering evidence from
China, two studies found that improving small farmers’ levels
of social interaction is more effective for alleviating financial
hardship and improving nutrition status, mainly because increasing
community engagement could bring some material support, as
well as the transmission of nutrition and health knowledge and
information, among other things (37, 61).

The findings of this study stress the effects of intrahousehold
empowerment gaps in reducing food and nutrition insecurity,
as well as the heterogeneity among the different groups studied.
In particular, gender gaps did not impact dietary diversity in
households of husband migrants and residents with mothers-in-
law. This is mainly due to the “men migrants, women left behind”
strategy, which is adopted to maximize households” benefits (62)
and enables the “left-behind women” to be “passively empowered”
in the family and agricultural sector. As a result, compared
with the relative empowerment score, the impact of women’s
empowerment score on household dietary diversity was more
prominent. The results corroborate a previous study on women’s
empowerment, wherein it was found that increasing the protein
intake of male migrant families by 12.2% was achieved through
female empowerment in China (37). Moreover, the mother-in-law
is the housekeeper in the traditional Chinese-style rural family (for
those co-residing with mothers-in-law), even if the son forms a new
family. Therefore, increasing the empowerment levels of daughters-
in-law has little effect on improving the family’s diet quality.
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5 Conclusion

This study provides empirical evidence regarding the
relationship between the empowerment gap between males and
females in the same household and dietary diversity. We confirmed
that intrahousehold empowerment gaps are negatively linked to
dietary diversity and even more heterogeneity amidst different
groups. Overall, increasing female participation in social/economic
groups or closing the empowerment gaps regarding access to
resources can diversify household diets, while we uncovered that
not all empowerment domains are correlated with food security.

Given the prominent problems of food insecurity and
malnutrition in rural China, these results provide further
justification for policies and interventions that aim to improve
women’s bargaining position in the household. Thus, this paper
serves as an essential reference for promoting changes in food
insecurity, malnutrition, and gender dynamics among smallholder
households with the implementation of China’s rural revitalization
strategy. At the same time, policymakers and program designers
must be aware of unintended consequences, such as increased
group participation, which may increase women’s workloads. This
means that efforts to achieve diet diversity must be accompanied
by measures aimed at changing gender norms and reducing
intrahousehold inequality.

However, we also need to recognize the limitations of this study
adequately. For one, household dietary diversity is measured based
on consumption in the past 24-h recall rather than a long-term
retrospective. This may lead to bias in the measurement of food
consumption by neglecting the consumption of some main foods
(such as fish, meat, etc.); on the other hand, food sources and
dietary quality of rural households vary throughout the year, but
this paper does not consider the seasonal factors when analyzing
food consumption specifically.

Data availability statement

The datasets used and/or analysed during the current
study available from the corresponding author on reasonable
request. Requests to access the datasets should be directed to

huangyanfang01@caas.cn.
O/

Author contributions

YH: Data Formal analysis, Investigation,
Methodology, draft,

review & editing. YY: Writing—original draft, Writing-review &

curation,

Software, Writing—original Writing-
editing. FN: Conceptualization, Funding acquisition, Resources,
Supervision, Writing—review & editing. XJ: Conceptualization,
Funding acquisition, Resources, Supervision, Writing—review &

editing.

Funding

The author(s) declare financial support was received for
the research, authorship, and/or publication of this article.
This research was funded by the National Key Research and

frontiersin.org


https://doi.org/10.3389/fnut.2024.1365652
mailto:huangyanfang01@caas.cn
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Huang et al.

Development Program of China (2023YFE0105000); Chinese
Academy of Agricultural Sciences (JBYW-AII-2023-xx); Chinese
Academy of Agricultural Sciences (CAAS-ASTIP-2023-All). The
funders had no role in the study design; in the collection, analyses,
or interpretation of data; in the writing of the manuscript; or in the
decision to publish the results.

We want to thank the study participants for their valuable time
to provide information for this study. We also want to thank the
researchers and research assistants who spent considerable time
and effort in training and data collection: Rui Gu, Jiaqi Huang, and
Minglong Zhang.

1. FAO, IFAD, UNICEE, WEP, WHO. The State of Food Security and Nutrition in the
World 2022: Repurposing Food and Agricultural Policies to Make Healthy Diets More
Affordable. Rome: FAO, IFAD, UNICEE WFP, WHO (2022). 260 p.

2. FAO L. The State of Food Security and Nutrition in the World 2020: Transforming
Food Systems for Affordable Healthy Diets. Rome, Italy: FAO, IFAD, UNICEE, WFP and
WHO (2020). 320 p.

3. Agriculture and Economic Development Analysis Division. The State of Food
and Agriculture, 2010-2011: Women in Agriculture: Closing the Gender Gap for
Development. Rome: FAO (2011). 160 p. Available online at:

(accessed January 29,
2024).

4. Santoso MV, Kerr RB, Hoddinott J, Garigipati P, Olmos S, Young SL. Role of
women’s empowerment in child nutrition outcomes: a systematic review. Adv Nutr.
(2019) 10:1138-51. doi: 10.1093/advances/nmz056

5. Boateng GO, Kuuire VZ, Ung M, Amoyaw JA, Armah FA, Luginaah L
Women’s empowerment in the context of millennium development goal 3:
a case study of married women in Ghana. Soc Indic Res. (2014) 115:137-
58. doi: 10.1007/s11205-012-0212-8

6. Alkire S, Meinzen-Dick R, Peterman A, Quisumbing A, Seymour G, Vaz
A. The women’s empowerment in agriculture index. World Dev. (2013) 52:71-
91. doi: 10.1016/j.worlddev.2013.06.007

7. Ssennono VE Ntayi JM, Buyinza E Wasswa E Adaramola MS, Aarakit SM.
Climatic shocks and multidimensional energy poverty in Ugandan households: does
women empowerment play a moderating role? Int | Sustain Energy. (2023) 42:103—
27. doi: 10.1080/14786451.2023.2176702

8. Carlson GJ, Kordas K, Murray-Kolb LE. Associations between women’s autonomy
and child nutritional status: a review of the literature. Matern Child Nutr. (2015)
11:452-82. doi: 10.1111/mcn.12113

9. Pratley P. Associations between quantitative measures of women’s empowerment
and access to care and health status for mothers and their children: a systematic
review of evidence from the developing world. Soc Sci Med. (2016) 169:119-
31. doi: 10.1016/j.socscimed.2016.08.001

10. Murugani VG, Joyce Magoshi, T.-C. How does women’s empowerment in
agriculture affect household food security and dietary diversity? The case of rural
irrigation schemes in Limpopo Province, South Africa. Agrekon. (2019) 58:308-
23. doi: 10.1080/03031853.2019.1610976

11. FAO. The Status of Women in AGRIFOOD systems: Overview. Rome: FAO (2023).
16 p.

12. Ruel MT, Alderman H. Nutrition-sensitive interventions and programmes: how
can they help to accelerate progress in improving maternal and child nutrition? Lancet.
(2013) 382:536-51. doi: 10.1016/S0140-6736(13)60843-0

13. Pinto D, Park Y-J, Beltramello M, Walls AC, Tortorici MA, Bianchi S, et al. Cross-
neutralization of SARS-CoV-2 by a human monoclonal SARS-CoV antibody. Nature.
(2020) 583:290-5. doi: 10.1038/s41586-020-2349-y

14. Hoddinott ], Yohannes Y, eds. Dietary Diversity as a Food Security Indicator.
Washington, DC: International Food Policy Research Institute (2002). 94 p.

15. Jones AD, Shrinivas A, Bezner-Kerr R. Farm production diversity is associated
with greater household dietary diversity in Malawi: findings from nationally
representative data. Food Policy. (2014) 46:1-12. doi: 10.1016/j.foodpol.2014.02.001

Frontiersin

10.3389/fnut.2024.1365652

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

16. Hoddinott J, Haddad L. Does female income share influence household
expenditures? Evidence from Cote D’ivoire. Oxf Bull Econ Stat. (1995) 57:77-
96. doi: 10.1111/.1468-0084.1995.tb00028.x

17. Razavi S. World development report 2012: gender equality and development—
a commentary. Dev Change. (2012) 43:423-37. doi: 10.1111/j.1467-7660.2012.
01743.x

18. Malapit H. Women in Agriculture and the Implications for Nutrition.
Washington, DC: Agriculture for Improved Nutrition: Seizing the Momentum. (2019).
p. 58—67.

19. van den Bold M, Dillon A, Olney D, Ouedraogo M, Pedehombga A, Quisumbing
A. Can integrated agriculture-nutrition programmes change gender norms on land
and asset ownership? Evidence from Burkina Faso. ] Dev Stud. (2015) 51:1155-
74. doi: 10.1080/00220388.2015.1036036

20. Quisumbing AR, Meinzen-Dick R, Raney TL, Croppenstedt A, Behrman JA,
Peterman A. Closing the knowledge gap on gender in agriculture. In: Quisumbing
AR, Meinzen-Dick R, Raney TL, Croppenstedt A, Behrman JA, Peterman A, editors.
Gender in Agriculture: Closing the Knowledge Gap. Dordrecht: Springer Netherlands
(2014). p. 3-27.

21. Sachs CE, Jensen L, Castellanos P, Sexsmith K. Routledge Handbook of Gender
and Agriculture. New York, NY: Routledge (2021).

22. Quisumbing AR, Maluccio JA. Resources at marriage and intrahousehold
allocation: ~ evidence from Bangladesh, Ethiopia, Indonesia, and South
Africa*. Oxf Bull Econ Stat. (2003) 65:283-327. doi: 10.1111/1468-0084.t01-1-
00052

23. Bobonis GJ. Is the allocation of resources within the household efficient?
New evidence from a randomized experiment. J Polit Econ. (2009) 117:453-
503. doi: 10.1086/600076

24. Richards E, Theobald S, George A, Kim JC, Rudert C, Jehan K,
et al. Going beyond the surface: gendered intra-household bargaining as a
social determinant of child health and nutrition in low and middle income
countries. Soc Sci  Med. (2013) 95:24-33. doi: 10.1016/j.socscimed.2012.
06.015

25. Malapit HJL, Sraboni E, Quisumbing AR, Ahmed AU. Intrahousehold
empowerment gaps in agriculture and children’s well-being in Bangladesh. Dev Policy
Rev. (2019) 37:176-203. doi: 10.1111/dpr.12374

26. Haddad L, Hoddinott J, Alderman H. Intrahousehold Resource Allocation in
Developing Countries: Models, Methods and Policies. Washington, DC: International
Food Policy Research Institute (1997).

27. Rosenzweig MR, Stark O. Handbook of Population and Family Economics. Gulf
Professional Publishing (1997).

28. Anderson S, Baland J-M. The Economics of Roscas and Intrahousehold Resource
Allocation*. Q J Econ. (2002) 117:963-95. doi: 10.1162/003355302760193931

29. Duflo E. Grandmothers
intrahousehold allocation in South Africa.
17:1-25. doi: 10.1093/wber/lhg013

30. Duflo E, Udry C. Intrahousehold Resource Allocation in Cote d’Ivoire: Social
Norms, Separate Accounts and Consumption Choices. Cambridge, MA: National Bureau
of Economic Research (2004).

and granddaughters: old-age pensions and
World Bank Econ Rev. (2003)


https://doi.org/10.3389/fnut.2024.1365652
https://www.fao.org/documents/card/en/c/99f234e5-fac5-5a06-8964-b455b4ffe721
https://www.fao.org/documents/card/en/c/99f234e5-fac5-5a06-8964-b455b4ffe721
https://doi.org/10.1093/advances/nmz056
https://doi.org/10.1007/s11205-012-0212-8
https://doi.org/10.1016/j.worlddev.2013.06.007
https://doi.org/10.1080/14786451.2023.2176702
https://doi.org/10.1111/mcn.12113
https://doi.org/10.1016/j.socscimed.2016.08.001
https://doi.org/10.1080/03031853.2019.1610976
https://doi.org/10.1016/S0140-6736(13)60843-0
https://doi.org/10.1038/s41586-020-2349-y
https://doi.org/10.1016/j.foodpol.2014.02.001
https://doi.org/10.1111/j.1468-0084.1995.tb00028.x
https://doi.org/10.1111/j.1467-7660.2012.01743.x
https://doi.org/10.1080/00220388.2015.1036036
https://doi.org/10.1111/1468-0084.t01-1-00052
https://doi.org/10.1086/600076
https://doi.org/10.1016/j.socscimed.2012.06.015
https://doi.org/10.1111/dpr.12374
https://doi.org/10.1162/003355302760193931
https://doi.org/10.1093/wber/lhg013
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Huang et al.

31. Lundberg SJ, Pollak RA, Wales TJ. Do husbands and wives pool their resources?
Evidence from the United Kingdom Child Benefit. ] Hum Resour. (1997) 32:463-
80. doi: 10.2307/146179

32. GFDRE. National Nutrition Programme 2008-2015. Addis Ababa: Government
of the Federal Democratic Republic of Ethiopia (GFDRE) (2013).

33. Kulkarni S, Frongillo EA, Cunningham K, Moore S, Blake CE. Gendered
intrahousehold bargaining power is associated with child nutritional status in Nepal.
J Nutr. (2021) 151:1018-24. doi: 10.1093/jn/nxaa399

34. Quisumbing AR, Sproule K, Martinez EM, Malapit H. Do tradeoffs
among dimensions of womens empowerment and nutrition outcomes
exist? Evidence from six countries in Africa and Asia. Food Policy. (2021)
100:102001. doi: 10.1016/j.foodpol.2020.102001

35. Li XJ.What discourse we use for thinking about women-and who makes the
discourse and gives it a meaning. Zhejiang J. (1997) 4:81-6+91.

36. Huang Y, Nie F, Jia X. Forty years after poverty reduction in China: the role of
women’s empowerment in enhancing food security and diet diversity. Nutrients. (2023)
15:2761. doi: 10.3390/nul5122761

37. Hao JH, Wang F, Huang JQ. Male Migration, Female Empowerment and Protein
Intake of Household Members-Evidence From Rural Areas of Less DEVELOPED
regions. China Rural Econ. (2021) 8:125-44. doi: 10.27158/d.cnki.ghznu.2023.000652

38. Sen A. Gender and cooperative conflicts. In: Tinker I, editor. Persistent
Inequalities: Women and World Development. Oxford: Oxford University Press (1990).

39. Castilla C, Walker T. Is ignorance bliss? The effect of asymmetric information
between spouses on intra-household allocations. Am Econ Rev. (2013) 103:263—
8. doi: 10.1257/aer.103.3.263

40. Katz EG. Gender and trade within the household: observations from rural
guatemala. World Dev. (1995) 23:327-42. doi: 10.1016/0305-750X(94)00118-I

41. Kebede B, Tarazona M, Munro A, Verschoor A.
efficiency: an experimental study from Ethiopiat. ] Afr
23:105-50. doi: 10.1093/jae/ejt019

Intra-household
Econ. (2014)

42. Malapit HJL, Quisumbing AR. What dimensions of women’s empowerment
in agriculture matter for nutrition in Ghana? Food Policy. (2015) 52:54-
63. doi: 10.1016/j.foodpol.2015.02.003

43. Kabeer N. Resources, agency, achievements: reflections on the measurement of
women’s empowerment. Dev Change. (1999) 30:435-64. doi: 10.1111/1467-7660.00125

44. Sraboni E, Malapit HJ, Quisumbing AR, Ahmed AU. Women’s empowerment
in agriculture: what role for food security in Bangladesh? World Dev. (2014) 61:11-
52. doi: 10.1016/j.worlddev.2014.03.025

45. Malapit H, Kovarik C, Sproule K, Meinzen-Dick R, Quisumbing A.
Instructional Guide on the Abbreviated Womens Empowerment in Agriculture
Index (A-WEAI). Washington, DC: International Food Policy Research Institute
(2015).

46. Bayudan-Dacuycuy C. The influence of living with parents on women’s
decision-making participation in the household: evidence from the Southern
Philippines. ] Dev Stud. (2013) 49:641-56. doi: 10.1080/00220388.2012.
682987

Frontiersin

12

10.3389/fnut.2024.1365652

47. Bradshaw S. Women’s decision-making in rural and urban households in
Nicaragua: the influence of income and ideology. Environ Urban. (2013) 25:81-
94. doi: 10.1177/0956247813477361

48. Yang X, Wyckhuys KAG, Jia X, Nie F, Wu K. Fall armyworm invasion heightens
pesticide expenditure among Chinese smallholder farmers. ] Environ Manage. (2021)
282:111949. doi: 10.1016/j.jenvman.2021.111949

49. The Fourth Social Survey of Chinese Women. (2020). Available online
at:
(accessed January 21, 2024).

50. Nachvak SM, Abdollahzad H, Mostafai R, Moradi S, Pasdar Y, Rezaei
M, et al. Dietary diversity score and its related factors among employees
of Kermanshah University of Medical Sciences. Clin Nutr Res. (2017) 6:247-
55. doi: 10.7762/cnr.2017.6.4.247

51. Tavakoli S, Dorosty-motlagh AR, Hoshiar-Rad A, Eshraghian MR, Sotoudeh G,
Azadbakht L, et al. Is dietary diversity a proxy measurement of nutrient adequacy in
Iranian elderly women? Appetite. (2016) 105:468-76. doi: 10.1016/j.appet.2016.06.011

52. Oyarzun PJ, Borja RM, Sherwood S, Parra V. Making sense of agrobiodiversity,
diet, and intensification of smallholder family farming in the highland andes of
ecuador. Ecol Food Nutr. (2013) 52:515-41. doi: 10.1080/03670244.2013.769099

53. Koppmair S, Kassie M, Qaim M. Farm production, market access
and dietary diversity in Malawi. Public Health Nutr. (2017) 20:325-
35. doi: 10.1017/S1368980016002135

54. Anderson CL, Reynolds TW, Gugerty MK. Husband and wife perspectives on
farm household decision-making authority and evidence on intra-household accord in
Rural Tanzania. World Dev. (2017) 90:169-83. doi: 10.1016/j.worlddev.2016.09.005

55. Mechlowitz K, Singh N, Li X, Chen D, Yang Y, Rabil A, et al. Women’s
empowerment and child nutrition in a context of shifting livelihoods in Eastern
Oromia, Ethiopia. Front Nutr. (2023) 10:1048532. doi: 10.3389/fnut.2023.1048532

56. Acock AC. A Gentle Introduction to Stata. Stata Press (2008).

57. Swindale A, Bilinsky P. Household Dietary Diversity Score (HDDS) for
Measurement of Household Food Access: Indicator Guide. Washington, DC: Food and
Nutrition Technical Assistance Project, Academy for Educational Development (2006).

58. Staiger D, Stock JH. Instrumental Variables Regression With Weak Instruments.
Cambridge, MA: National Bureau of Economic Research (1994).

59. Stock ], Yogo M. Asymptotic distributions of instrumental variables
statistics with many instruments. Identificat Infer Econ Models. (2005)
6:109-20. doi: 10.1017/CB0O9780511614491.007

60. Hoaglin DC, Iglewicz B. Fine-tuning some resistant rules for outlier labeling. J
Am Stat Assoc. (1987) 82:1147-9. doi: 10.1080/01621459.1987.10478551

61. Yang CJ, Hou HX, Lou WL. A study on the impact mechanism of social support
on the life satisfaction of rural elderly people - A survey based on 19 villages in Hebei
province. Agric Econ Issues. (2017) 38:75-844-2-3. doi: 10.13246/j.cnki.iae.2017.02.010

62. He J, Li Q, Zhang SC. Gender division of labour in the household and
feminisation of agriculture-an empirical analysis based on 408 sample households in
Jiangsu. ] Nanjing Agric Univ. (2010) 10:50-6.


https://doi.org/10.3389/fnut.2024.1365652
https://doi.org/10.2307/146179
https://doi.org/10.1093/jn/nxaa399
https://doi.org/10.1016/j.foodpol.2020.102001
https://doi.org/10.3390/nu15122761
https://doi.org/10.27158/d.cnki.ghznu.2023.000652
https://doi.org/10.1257/aer.103.3.263
https://doi.org/10.1016/0305-750X(94)00118-I
https://doi.org/10.1093/jae/ejt019
https://doi.org/10.1016/j.foodpol.2015.02.003
https://doi.org/10.1111/1467-7660.00125
https://doi.org/10.1016/j.worlddev.2014.03.025
https://doi.org/10.1080/00220388.2012.682987
https://doi.org/10.1177/0956247813477361
https://doi.org/10.1016/j.jenvman.2021.111949
http://epaper.cnwomen.com.cn/html/2021-12/27/nw.D110000zgfnb_20211227_1-4.htm
http://epaper.cnwomen.com.cn/html/2021-12/27/nw.D110000zgfnb_20211227_1-4.htm
https://doi.org/10.7762/cnr.2017.6.4.247
https://doi.org/10.1016/j.appet.2016.06.011
https://doi.org/10.1080/03670244.2013.769099
https://doi.org/10.1017/S1368980016002135
https://doi.org/10.1016/j.worlddev.2016.09.005
https://doi.org/10.3389/fnut.2023.1048532
https://doi.org/10.1017/CBO9780511614491.007
https://doi.org/10.1080/01621459.1987.10478551
https://doi.org/10.13246/j.cnki.iae.2017.02.010
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

	Intrahousehold empowerment gaps and dietary diversity in China
	1 Introduction
	2 Methods and materials
	2.1 Study area
	2.2 Study design and sampling
	2.3 Data collection and variables
	2.4 Data analyses
	2.5 Empirical specification and estimating methods

	3 Results
	3.1 Descriptive statistics
	3.2 Correlation analysis
	3.3 Multivariable regression models
	3.4 Robustness test
	3.5 Endogeneity test

	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


