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Abstract

Background Micronutrient powder (MNP or Yingyangbao, a dietary supplement that contains multiple vitamins
and minerals) programs can reduce the risk of anemia among children. One such program in China distributed free
MNP to children aged 6-24 months in poor rural areas. However, there are indications that the generation of primary
caregiver (i.e, parent or grandparent) may influence MNP feeding behavior. The purpose of this study was to inves-
tigate the prevalence and influencing factors of effective MNP feeding behavior among parents and grandparents

in a rural developing setting.

Methods We conducted a cross-sectional study of 884 caregivers and children in formerly impoverished rural areas
of Sichuan Province using multi-stage random sampling. Data were collected on caregivers' MNP feeding behavior,
their core perceptions and health beliefs about MNP, children’s responses to MNP, MNP delivery patterns, and demo-
graphic characteristics. Influencing factors of parents'and grandparents’ MNP feeding behavior were analyzed using
two-level logistic regression.

Results Total effective MNP feeding behavior rate among caregivers was 40.95%. Grandparents demonstrated higher
MNP adoption than parents (x’=4.445, P=0.035). After controlling for sociodemographic characteristics, grandparents
were more likely than parents to achieve effective MNP adoption (OR=1.360, P=0.035); child’s preference for MNPs
(ORarental subgroup = 1736, ORgrandparental subgroup = 1:496; P <0.050) and caregiver’s self-efficacy (OR ,,rental subgroup = 1-157,
ORqrandparental subgroup = 1-393; P<0.050) were influencing factors of feeding behavior for caregivers of both generations.
Parents were also influenced by perceived barriers to feeding MNPs (OR=0.904, P=0.040), while grandparents were
more strongly influenced by child’s discomfort to MNPs (OR=0.240, P=0.023) and caregiver’s knowledge about MNPs
(OR=1.557,P=0.014).
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and potential side effects of MNP,

Conclusion Future efforts to improve the feeding behavior of caregivers in MNP programs both in China

and abroad should improve children’s preference for MNP by changing its composition and taste, and increase
caregivers'feeding self-efficacy through health education. Moreover, parents should be taught to cope with time
and ability barriers that may limit MNP adoption, while grandparents should be emphasized the importance

Keywords Micronutrient Powder, Yingyangbao, Influencing factor, Caregiver, China

Introduction

Child malnutrition is a public health issue of global con-
cern, with anemia being one of the particularly promi-
nent consequences. According to the World Health
Organization (WHO), approximately 40% of all children
aged 6 to 59 months globally are estimated to be affected
by anemia [1]. A large share of them resides in low- and
middle-income countries (LMICs) where anemia is espe-
cially prevalent among children [1]. In China, for exam-
ple, 36.9% of children aged 6 to 24 months experience
anemia and the rate reaches as high as 42.0% in rural
areas [2]. Anemia has a wide range of adverse effects on
the short- and long-term development of children, caus-
ing cognitive, physical, and emotional delays, as well as
negatively influencing educational and health outcomes
later in life [3—7]. 6 to 24 months of age is a crucial stage
for children’s growth and development, but also one
where anemia frequent occurs [8]. Therefore, implement-
ing effective nutritional interventions for children aged 6
to 24 months in LMICs is vital for addressing anemia and
promoting healthy early childhood development.

One effective intervention to reduce anemia in LMICs
is the use of micronutrient powder (MNP) to supple-
ment children’s diets [9]. In China, the MNP program has
been implemented since 2012, primarily involving the
provision of free MNP to children aged 6—24 months in
impoverished and rural areas, with the aim of improving
nutrition and reducing anemia [10, 11]. MNP, also known
as Yingyangbao in China, is a powdered micronutrient
blend specifically designed for children and contains a
high density of multiple vitamins and minerals, includ-
ing vitamin A, vitamin B, vitamin D, folate, calcium,
iron, zinc, and others [11]. Children aged 6—24 months
in LMICs frequently experience anemia and micronu-
trient deficiencies because they have difficulty obtain-
ing sufficient micronutrients from their daily diets [12].
Therefore, MNP, as a convenient and effective dietary
supplement, holds great significance in reducing the risk
of anemia and improving the nutritional status of chil-
dren in these regions [13-17]. In China, the coverage of
the MNP program has been continuously expanding in
the past decade. Starting from providing MNPs to chil-
dren aged 6—24 months in 100 former nationally desig-
nated poverty-stricken counties in 2012, the program has

expanded to cover all 832 former nationally designated
poverty-stricken counties in 2023 [11, 18]. According to
the data from the National Health Commission of the
People’s Republic of China, by 2023, the MNP program
had benefited a total of 19.28 million children in former
national impoverished areas. In the areas where the pro-
gram has been continuously monitored, the anemia rate
and stunting rate among children aged 6 to 24 months
decreased by 71.7% and 74.3%, respectively, between
2012 and 2023 [19].

Despite the program’s proven success in alleviating
anemia and improving nutrition among children [11],
caregivers’ compliance with MNP feeding remains less
than ideal in rural China [20]. Studies have shown that
caregivers do not always administer MNP to children
effectively [21]. For instance, Li et al. found in a survey
of poor areas in Hunan Province that the effective MNP
feeding rate was 48.0% [22], while Bai et al. found that
the effective MNP feeding rate was only 32.1% in areas
with high ethnic minority concentration in Gansu Prov-
ince, and some caregivers have never used the MNP [23].
Furthermore, there are indications that the effectiveness
of MNP feeding behaviors may differ along generational
lines [24]. Specifically, parental caregivers and grand-
parental caregivers may differ in their understanding of
the importance of MNP and their adherence to feeding
guidelines [25]. Differences in children feeding behavior
between parents and grandparents are well documented
in the international literature, including in LMICs [26—
28]. While this suggests that adoption of MNP may vary
according to the generation of the caregiver, there is a lack
of studies specifically examining this question in LMICs
[29]. In rural China, the primary caregivers of children
are not limited to parents only, especially in the context
of rapid urbanization over the past few decades, which
has led many rural parents to migrate to cities for work
when their children are just six months old [30]. Conse-
quently, grandparents in these families have increasingly
taken on the important responsibility of raising their
grandchildren. In 2022, 172 million people migrated for
labor in China; nearly 90% of the children of this migrant
worker population were mainly taken care of by grand-
parents [31]. Given that education rates among adults
aged 60 and above in China are significantly lower than
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those of adults aged between 20 and 59 [32], it is possi-
ble that grandparents and parents who raise children in
rural China may have different levels of understanding of
the importance of nutrition and MNP, potentially leading
to differences in MNP feeding behavior between the two
generations. Given the limited effectiveness of existing
MNP programs and varied compliance, it is urgent and
practically significant to identify the factors influencing
effective MNP feeding behavior among caregivers of dif-
ferent generations.

Existing research into factors influencing MNP adop-
tion behavior has mainly focused on the social demo-
graphic characteristics of caregivers and children, the
degree to which children accept MNP, and the delivery
providers and delivery patterns of MNP [33, 34]. A small
number of previous studies have found that there are dif-
ferences in compliance with MNP between grandparents
and parents, but these studies have found mixed results
that prompt further exploration [35, 36]. For example,
Sun et al. showed that grandparents exhibited slightly
better compliance with MNP than parents in rural China
[35]. In contrast, a survey by Yue et al. in 2018 found that
grandparents scored slightly worse than parents across
a range of children feeding behaviors, including vita-
min supplementation [36]. Moreover, previous research
has not delved deeply into how the factors influencing
effective MNP feeding behavior varied between paren-
tal and grandparental caregivers. Additionally, these
previous studies have generally not used health-related
behavioral theories to more carefully examine the fac-
tors that contribute to generational differences in MNP
feeding behavior. In this study, we introduce the Health
Belief Model (HBM) to explore the cognitive factors
that influence the MNP feeding behavior among pater-
nal and grandparental caregivers. The HBM emphasizes
the influence of individuals’ attitudes and beliefs on the
implementation of behaviors. It proposes perceived sus-
ceptibility, perceived severity, perceived benefits, barriers
to performing the behavior, and self-efficacy as the core
determinants of behavior [37]. The HBM has been widely
applied to explain and predict various health-related
behaviors [38—40].

Therefore, given the lack of research examining gen-
erational differences in factors that influence caregivers’
compliance with MNP feeding and research examining
psychological determinants of MNP feeding behavior,
we incorporated the Health Belief Model to explore fac-
tors influencing caregiver’s MNP feeding behavior among
parents and grandparents. In summary, we pursue three
specific objectives in this paper. First, drawing on the
HBM, we describe the characteristics and MNP feeding
behavior of parents and grandparents in rural China. We
then identify the differences in MNP feeding behavior
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between parents and grandparents, before finally explor-
ing the factors influencing MNP feeding behaviors of
parents and grandparents.

Methods
Study design and participants
In May 2019, our research team conducted a cross-sec-
tional study in rural areas of Sichuan Province, a region
in China with a diverse ethnic population, which boasts
the largest concentration of the Yi ethnic group and the
second largest Tibetan area in the country. This study
used a four-stage random sampling method to obtain the
study population. First, considering the required sam-
ple size and the potential differences in MNP feeding
behaviors between ethnic groups [20, 21, 24], we ran-
domly selected two counties primarily inhabited by Han
people, two primarily inhabited by Tibetan people, and
two primarily inhabited by Yi people, from all 32 coun-
ties in Sichuan where the MNP program had been imple-
mented. Second, six townships were randomly selected
from each sampled county, totaling 36 townships. Third,
seven to eight villages with a population of more than 800
people were randomly selected from each sampled town-
ship, totaling 283 villages. Fourth, all caregivers with 6-
to 24-month-old children in every sampled village were
invited to participate in the study. The method of sample
size estimation was provided in Additional file 1.
Households that met all of the following requirements
were enrolled in the study: (1) The child was between 6
and 24 months of age; (2) Participants were residing in
counties where the MNP program was implemented; (3)
The household identified a parent or a grandparent as the
child’s primary caregiver, defined as the family member
most responsible for feeding the child; (4) The primary
caregiver had no listening and speaking impairments that
prevent enumeration of the survey. Additionally, house-
holds where the child or the primary caregiver had severe
health issues were excluded from the study. Ultimately,
884 pairs of caregivers and their children or grandchil-
dren participated in our project.

MNP program

MNP is distributed by government health organizations
through a three-tier system at the county, township, and
village levels [11]. In Sichuan Province where the study
took place, for example, MNP is distributed from county-
level health organizations to township and village health
centers. When village physicians or physicians in town-
ship health centers receive MNPs from the county level,
they distribute MNPs door-to-door to households with
children aged 6 to 24 months, or caregivers can pick
them up at village clinics or township health centers.
Because the WHO and the Chinese MNP program office
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recommend that children aged 6 to 24 months should be
fed 4 to 7 packages of MNP per week [12, 41], typically
one box of MNP (containing 30 packages) is distributed
to or picked up by each household every month. MNP
can be consumed after being mixed with boiling water or
sprinkled directly onto food, providing essential micro-
nutrient supplements for children. Some children may
experience some discomfort reactions when they first
start consuming MNP, such as refusal to eat, diarrhea and
dark stool [42]. Previous research has shown that these
are normal occurrences, and caregivers can appropriately
adjust the frequency and quantity of consumption based
on the child’s condition [42].

In this study, effective MNP feeding behavior was
defined as the caregiver providing four or more pack-
ages of MNP to the children in the seven days prior to
the survey. The effective MNP feeding rate was defined as
the percentage of caregivers who provided four or more
packages of MNP to children in the week prior to the
survey, relative to all caregivers surveyed. The primary
caregiver was defined as the individual in the household
who was primarily responsible for looking after the sam-
pled child’s diet on a daily basis.

Ethical approval

Ethical approval for this study was obtained from the
Medical Ethics Review Committee of Sichuan University
(Approval No. K2018103). All the caregivers of the sam-
pled children signed an informed consent form prior to
participation.

Data collection

Data for this study were collected using a structured
questionnaire by trained enumerators who visited the
homes of the participants to conduct face-to-face surveys
with the primary caregivers (parents or grandparents) of
the children. Different from previous studies, this study
designed corresponding questionnaire items combined
with the Health Belief Model during the questionnaire
design, hoping to explore the relationship between health
beliefs and MNP feeding behavior. The questionnaire
we used was developed after a comprehensive literature
review and two rounds of expert consultation. Then we
conducted a pre-survey in two non-sample villages with
a total of 20 caregivers. Based on the findings from the
pre-survey, the questionnaire was further refined and
modified, resulting in the final version used for data col-
lection. In the sampled communities where the majority
of residents were of Tibetan or Yi ethnicity, our research
team, with the aid of local doctors, used local dialects
to provide information about the MNPs to the caregiv-
ers. We also used trained local volunteers to translate
between Mandarin and local dialects during the survey
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interviews. In total, five types of data were collected from
the sampled households: caregiver’s MNP feeding behav-
ior, MNP delivery patterns, caregiver’s perceptions of
core information about MNPs, child’s response to MNP,
and caregiver’s and child’s demographic characteristics.

Caregiver’s MNP feeding behavior

First, we collected data on caregiver’s MNP feeding
behavior, which was the outcome of interest for this
study. This was done by asking caregivers if they had fed
their child four or more packages of MNP in the past
seven days. If they had, the caregiver was considered to
conduct effective MNP feeding behavior. If not, the car-
egiver was considered to conduct ineffective MNP feed-
ing behavior.

MNP delivery patterns

Second, we collected data on MNP delivery patterns. We
began by asking the caregivers how they had received
their MNPs: (a) via household distribution (i.e., home
visits by village doctors or doctors in township health
centers); (b) via self-collection (i.e., caregivers went to the
village clinics or township health centers themselves to
collect the MNPs); or (c) via both delivery patterns.

Caregiver’s core perceptions and health beliefs about MNPs
Third, we collected data from caregivers about their
(1) core MNP perceptions and (2) health beliefs about
MNPs. The section on core MNP perceptions asked
the caregivers six questions on the basic attributes of
the MNP (including its ingredients, health effects, and
response to abnormalities after administration) and how
to administer MNPs (including the serving size, feed-
ing method, and storage conditions). If a question was
answered correctly, one point was added to the caregiv-
er’s core MNP perceptions score; the higher the score,
the better the caregiver’s knowledge was assumed to be
in this area.

Data about caregiver’s health beliefs were collected
according to the Health Belief Model. As such, the sec-
tion on health beliefs about MNPs had five subsections,
broken down as follows: (1) perception of how suscepti-
ble the child is to anemia and malnutrition; (2) perceived
severity of child anemia and malnutrition; (3) perceived
benefits of using MNPs; (4) barriers to the adoption of
MNPs; and (5) feeding self-efficacy, or caregivers’ confi-
dence in their own ability to use MNPs effectively. Each
section’s items were scored using a 5-point Likert scale,
with 1 indicating “completely disagree” and 5 indicating
“completely agree” A higher score on the perceived ben-
efits section, for example, indicated a greater awareness
of the benefits of MNP usage; conversely, a higher score
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on the perceived barriers section indicated having more
negative beliefs about MNPs.

Perceived susceptibility to child anemia and malnutri-
tion This subsection of the survey assessed the caregiv-
er’s awareness of child susceptibility to anemia and mal-
nutrition. Sample questions included, “Do you think that
children under 2 years of age may suffer from nutritional
deficiencies?” and “Do you think that children under 2
years of age may suffer from anemia?” (William and Tom,
2006).

Perceived severity of child anemia and wmalnutri-
tion This subsection assessed a caregiver’s awareness
of the seriousness of common child nutritional diseases
such as anemia. Sample questions included, “If a child
is chronically deprived of nutrients, do you think there
may be adverse consequences?” and “If a child is ane-
mic for a long time, do you think there may be adverse
consequences?”.

Perceived benefits of using MNPs This subsection asked
a caregiver about the benefits of using MNPs for chil-
dren. Sample questions included, “Do you believe that
using MNPs will help your child to grow taller or to
reach maturity better?” and “Do you believe that consist-
ently using MNPs will prevent your child from becoming
anemic?”.

Barriers to the adoption of MNPs This subsection col-
lected information about any factors or beliefs held by
caregivers that may serve as barriers to using MNPs
effectively. Sample questions included, “Do you think
that feeding your child MNPs will interfere with feeding
them other foods?” and “Do you think it is difficult to use
MNPs?”

Self-efficacy in using MNPs This subsection assessed a
caregiver’s confidence in their ability to use MNPs. Sam-
ple questions included, “If you encounter issues in feed-
ing MNPs to your child (e.g., your child dislikes eating
them, or people around you do not support you using
them, etc.), do you believe that you will still be able to
administer MNPs?” and “Do you believe that you will be
able to persist in feeding MNPs to your child?”.

Child’s response to MNPs

Fourth, we collected data on children’s response to MNPs
by inquiring with their caregivers, including the level of
children’s preference for MNPs and whether they expe-
rienced any discomfort after consuming it. Specifically,
caregivers were asked to indicate how much their child
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liked the MNPs on a scale of 1-5, with higher scores
indicating greater child’s preference for MNPs. And car-
egivers also reported whether their child had any adverse
reactions to the MNPs (yes/no).

Caregiver’s and child’s characteristics

Finally, we collected basic information on the caregivers
and their children. Caregivers were asked to report their
gender, age, ethnicity (Han, Tibetan, or Yi), marital sta-
tus (married or other), education level (never attended
school, attended some primary school, or above primary
school education), and occupation (farmer, full-time
caregiver, or other). A five-item questionnaire was also
administered to caregivers in order to assess the level of
perceived social support that they enjoyed. Each item
included a statement about the caregiver’s feelings of
being supported and was scored on a Likert 5-scale, with
1 referring to “completely disagree” and 5 referring to
“completely agree” Higher total scores indicated a higher
degree of perceived social support. For the children, car-
egivers reported their child’s age (in months). Finally, we
collected demographic information on each caregiver’s
household characteristics, including annual household
income.

Statistical analysis

Data analysis consisted of three parts. First, we used
descriptive analyses to present the basic sociodemo-
graphic characteristics of parental and grandparental
caregivers. The classification variables were described
statistically by frequency and constituent ratio, and
the difference between groups was compared by Chi-
square test. For quantitative variables, normal data were
described by mean and standard deviation, skewness data
were described by quartile, and the differences between
groups were compared by T-test or Mann—Whitney test,
respectively. Second, we reported the prevalence of effec-
tive MNP feeding behaviors, and conducted a logistic
regression analysis with the type of caregiver as the inde-
pendent variable and effective MNP feeding behavior as
the dependent variable, while controlling for child and
household characteristics to examine whether there were
differences in MNP feeding behaviors between parental
and grandparental caregivers. Then, we used univari-
ate analyses to explore differences in the study variables
between parental and grandparental caregivers. Third,
logistic regression analyses were used to separately assess
the relationship between parental and grandparental car-
egivers’ effective MNP feeding behavior and the study
variables. Since the data were stratified, with caregiv-
ers (level 1) nested within townships (level 2), we cre-
ated two-level logistic models for analysis. To do this,
we constructed a null model to verify the applicability of
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our research model to the two-level logistic model. The
results of that model indicated that the multilevel logistic
regression model was appropriate. Then, the township-
level explanatory variables were added to the null model.
Last, individual-level explanatory variables were added.
All analyses were performed with Stata 17.0. Differences
were considered statistically significant at 2<0.05.

Results

Summary characteristics

Table 1 presents summary statistics for the sample.
In total, 884 pairs of caregivers and their children or

Table 1 Basic information about caregivers and children (N=_884)
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grandchildren were included; 604 (or 68.33%) of the car-
egivers were parental caregivers, and 280 (or 31.67%)
were grandparental caregivers; and the sample composi-
tion was similar to what previous research found in rural
China [43-45]. There were slightly more children in the
13- to 18-month-old age group (36.76%) than the 6- to
12-month-old group (27.15%) and the 19- to 24-month-
old group (36.09%). The majority of caregivers were
female (91.63%), with a median age of 33 years. A slight
majority of caregivers were of Han ethnicity (39.93%).
The vast majority of caregivers were married (95.59%).
About 43% of the caregivers had never attended school,

Variable Total Parental caregivers Grandparental caregivers  x%/z P
n(%)/p50(p25, p75) n(%)/p50(p25, p75) n(%)/p50(p25, p75)
Child’s characteristic
Child’s age (in months) 23.499 <0001™
6-12 240 (27.15) 193 (31.95) 47 (16.79)
13-18 325 (36.76) 214 (3543) 111 (39.64)
19-24 319 (36.09) 197 (32.62) 122 (43.57)
Caregiver’s characteristics
Gender 14.449 <0.001™
Female 810(91.63) 568 (94.04) 242 (86.43)
Male 74 (8.37) 36 (5.96) 38 (13.57)
Age (in years) —23.494 <0001
33(27,48) 29(25,33) 53 (48, 56)
Ethnicity 95.085 <0.001™
Han 353 (39.93) 214 (3543) 139 (49.64)
Tibetan 265 (29.98) 147 (24.34) 118 (42.14)
Yi 266 (30.09) 243 (40.23) 23(8.21)
Marital status 26.591 <0001™"
Married 845 (95.59) 592 (98.01) 253 (90.36)
Other 39 (441) 12 (1.99) 27 (9.64)
Education 67.914 <0.001™
Never attended school 381 (43.10) 237 (39.24) 144 (51.43)
Some primary school 240 (27.15) 136 (22.52) 104 (37.14)
Above primary school 263 (29.75) 231 (38.25) 32(1143)
Occupation 59.687 <0.001™
Farmer 261 (29.52) 220 (36.42) 41 (14.64)
Full-time caregiver 469 (53.05) 269 (44.54) 200 (71.43)
Others 154 (17.42) 115 (19.04) 39(13.93)
Social support 19 (16, 21) 19 (16, 21) 20(18,22) —5.131 <0001
Annual household income 15976 <0001™"
<RMB 35k 466 (52.71) 346 (57.28) 120 (42.86)
RMB 35 k-70 k 290 (32.81) 179 (29.64) 111 (39.64)
>RMB 70 k 128 (14.48) 79 (13.08) 49 (17.50)

2 Categorical variables were described by the number and proportion of samples for each category, and the group differences were analyzed by the chi-square test.
Quantitative data for a skewed distribution (e. g. caregiver age) were described by median and quartiles, and differences between groups were compared with the

Mann-Whitney test
b*p<0.05,**p<0.01, ***p <0.001
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and about 53% of the caregivers were full-time caregiv-
ers. The median score for social support perceived by
caregivers was 19. In terms of household characteristic,
about half of the caregivers reported an annual household
income of less than RMB 35,000 ($5,074); only 14.48%
of the caregivers reported an annual household income
of more than RMB 70,000 ($10,147). We observed sig-
nificant differences between the ages of children raised
by parents and those raised by grandparents. Between
parental and grandparental caregivers, we found differ-
ences in gender, age, ethnicity, marital status, education
level, occupation, social support and annual household
income (all P<0.05).

MNP feeding behavior
Table 2 presents the effective MNP feeding rate of the
parental and grandparental caregivers. According to the
results, grandparental caregivers demonstrated signifi-
cantly better MNP feeding behavior than parental car-
egivers (y’=4.445, P=0.035). Out of the 604 parental
caregivers, 233 (38.58%) of them demonstrated effective
MNP feeding behavior, while 129 of the 280 grandparen-
tal caregivers (46.07%) demonstrated effective MNP feed-
ing behavior.

The results in Table 3 show that the type of caregivers
was significantly associated with effective MNP feed-
ing behavior after controlling for child and household
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characteristics variables. Compared to parental caregiv-
ers, grandparental caregivers were more likely to achieve
effective MNP feeding behavior (OR=1.360, 95% CI:
1.021~1.812, P=0.035).

According to our univariate analysis (Table 2), in
addition to differences in sociodemographic character-
istics, parental and grandparental caregivers differed sig-
nificantly in terms of the score of child’s preference for
MNP (P=0.014), the MNP delivery pattern (P<0.001),
their MNP knowledge score (P=0.013), their aware-
ness of child’s susceptibility to anemia and malnutrition
(P=0.008), and their perceived barriers to effective MNP
feeding (P=0.001). The results of an additional analy-
sis comparing only the parents and grandparents who
engaged in effective MNP feeding behavior are presented
in Appendix Table 1 [see Additional file 2].

Factors influencing MNP feeding behavior by caregiver
type.

Table 4 displays the factors influencing the MNP feed-
ing behavior of parental and grandparental caregivers.
The results of the logistic regression without controlling
for demographic characteristics are shown in Appendix
Table 2 [see Additional file 3]. For the parental caregivers,
after controlling for demographic characteristics, child’s
preference for MNPs (OR=1.736, 95% CI: 1.457 ~2.067,
P<0.001), caregiver’s perceived barriers to feeding
MNPs (OR=0.904, 95% CI: 0.820 ~0.995, P=0.040) and

Table 2 Children’s response to MNP, caregivers’ MNP feeding behavior, information and health belief model scores

Variable Total n(%)/ Parental caregivers Grandparental caregivers  x*/z P
p50(p25,p75) n(%)/p50(p25,p75) n(%)/p50(p25,p75)
Effective MNP feeding behavior 4445 0.035"
No 522 (59.05) 371(61.42) 151 (53.93)
Yes 362 (40.95) 233 (38.58) 129 (46.07)
Child’s uncomfortable reaction after 0.732 0.392
eating MNP
No 821 (92.87) 564 (93.38) 257 (91.79)
Yes 63 (7.13) 40 (6.62) 23 (8.21)
Score of child’s preference for MNP 4(2,5) 4(2,5) 4(3,5) -2.456 0.014"
MNP delivery pattern 25.134 <0001
Home visit-based 67 (7.58) 41(6.79) 26 (9.29)
Township or village-based 642 (72.62) 416 (68.87) 226 (80.71)
Both 175 (19.80) 147 (24.34) 28 (10.00)
Knowledge score 4(4,5) 4(4,5) 4(4,5) 2486 0.013*
Perceived susceptibility 1(0,2) 10,2 1(0,2) 2,654 0.008"
Perceive severity 1(1,2) 1(1,2) 1(1,2) 1.664 0.096
Perceived barriers 8(7,9) 85(7,9 8(7,9) 3.258 0.001"
Perceived benefits 86,9 86,9 8(7,9 —-0.930 0.352
Self-efficacy 8(6,9) 8(6,9) 8(6,9) 1.383 0.167

2 Categorical variables were described by the number and proportion of samples for each category, and the group differences were analyzed by the chi-square test.
Quantitative data for a skewed distribution were described by median and quartiles, and differences between groups were compared with the Mann-Whitney test

b%p < 0.05, *p < 0.01, ***p < 0.001
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Table 3 Logistic regression result for the relationship between
the type of the caregiver and effective MNP feeding behavior

Variable OR P 95%Cl
Type of the caregiver

Parental caregiver 1.000

Grandparental caregiver 1.360 0.035" (1.021,1.812)
Child’s age (in months)

6-12 1.000

13-18 0910 0.622 (0.624, 1.326)

19-24 0.771 0.183 (0.526, 1.130)
Caregiver’s gender

Female 1.000

Male 1673 0.079 (0.942,2.971)
Caregiver’s age (in years) 1.004 0.739 (0.980, 1.029)
Caregiver’s ethnicity

Han 1.000

Tibetan 0.539 0.005" (0.351,0.828)

Yi 0.579 0.093 (0.307, 1.095)
Caregiver’s marital status

Married 1.000

Other 2.336 0.032" (1.074,5.078)
Caregiver’s education

Never attended school 1.000

Some primary school 0.927 0.724 (0.608, 1.414)

Above primary school 1.199 0.488 (0.717, 2.005)
Caregiver’s occupation

Farmer 1.000

Full-time caregiver 0.781 0319 (0480, 1.270)

Others 1.046 0.878 (0.588,1.861)
Caregiver’s social support 1.059 0.006™ (1.016, 1.104)
Annual household income

<RMB 35k 1.000

RMB 35 k-70 k 0.893 0.565 (0.608, 1.312)

>RMB 70 k 0.679 0.139 (0.406, 1.134)
“p<0.05
" p<0.01
" p<0.001

MNP feeding behavior self-efficacy (OR=1.157, 95% CI:
1.024~1.308, P=0.019) were significantly associated
with MNP feeding behavior. Among parental caregivers,
child’s preference for MNPs and caregiver’s feeding self-
efficacy were the factors most strongly associated with
effective MNP feeding behavior, while caregiver’s per-
ception of barriers to MNPs feeding was the factor most
strongly associated with ineffective feeding behavior. For
the grandparental caregivers, after controlling for demo-
graphic characteristics, child’s uncomfortable reaction to
MNPs (OR=0.240, 95% CI: 0.070 ~0.822, P=0.023) and
preference for MNPs (OR=1.496, 95% CI: 1.134~1.974,
P=0.004), caregiver’s own knowledge of feeding MNPs
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(OR=1.557, 95% CI: 1.092~2.218, P=0.014) and MNP
feeding self-efficacy (OR=1.393, 95% CI: 1.117 ~1.737,
P=0.003) all significantly influenced MNP feeding
behavior. Among grandparental caregivers, child’s pref-
erence for MNPs, caregiver’s knowledge about MNPs
and self-efficacy were the factors most strongly asso-
ciated with effective MNP feeding behavior, while the
child’s uncomfortable response to MNPs was the factor
most strongly associated with ineffective feeding behav-
ior. During the course of the data analysis, we conducted
multicollinearity analysis, and the results indicated that
there was no significant multicollinearity among the
variables [see Additional File 4], making it feasible to use
logistic regression for analysis.

Discussion

Clarifying how children feeding behaviors vary by gen-
eration and the factors contributing to this variation is
important for implementing effective, sustainable nutri-
tion programs. In this study, we examined the current
status of MNP feeding behaviors of parents and grand-
parents in rural China. We found that the effective MNP
feeding rate among caregivers of children aged 6-24
months was relatively low, with parents engaging in even
less effective feeding behavior on average than grandpar-
ents. Additionally, the factors influencing the MNP feed-
ing behavior of parental caregivers differed from those
influencing grandparental caregivers, indicating that dif-
ferent strategies will be needed to promote effective feed-
ing behavior among the two groups. Below, we discuss
each of these findings in more detail and consider their
implications for future nutrition interventions.

Our findings showed that the overall rate of effective
MNP feeding rate of caregivers of children aged 6-24
months was relatively low. Only 40.95% of the sam-
pled caregivers engaged in effective feeding behavior,
defined as providing four or more packages of MNP to
children in the week before the survey. This rate is lower
than the estimated MNP adoption rate in other areas of
China where official MNP programs have been imple-
mented, including poverty counties in Hunan Province
(48.0%) [22], Qinghai Province (49.4%) [46]and Gansu
Province (57.9%) [20]. Moreover, it is significantly lower
than the target effective MNP consumption rate of 70%
announced by the government [47]. These findings
emphasize the need for future iterations of the MNP pro-
gram to specifically target factors in Sichuan Province
that prevent caregivers from effectively adopting MNP.

While the overall rate of effective MNP feeding behav-
ior was low, our univariate and multivariate analyses also
showed that parental caregivers were even less likely than
grandparental caregivers to engage in effective MNP
feeding behavior. This finding is consistent with the
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Table 4 Logistic regression results of effective MNP feeding behavior of parental and grandparental caregivers
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Variable Parental caregivers (n=604) Grandparental caregivers (n=280)
OR P 95%Cl/ OR P 95%Cl

Child’s age (in months)

6-12 1.000 1.000

13-18 0.892 0.633 (0.559,1.425) 0.600 0.237 (0.257,1.400)

19-24 0.694 0.137 (0.428,1.123) 0.631 0.276 (0.276,1.444)
Caregiver’s gender

Female 1.000 1.000

Male 1.520 0.325 (0.660, 3.500) 1.520 0.323 (0.662,3.487)
Caregiver’s age (in years) 0.980 0.225 (0.948,1.013) 0.982 0.268 (0.950, 1.014)
Caregiver’s ethnicity

Han 1.000 1.000

Tibetan 0367 0.003” (0.190, 0.709) 0469 0019’ (0.249,0.884)

Yi 0.276 0.024 (0.091,0.842) 0.546 0.186 (0.223,1.339)
Caregiver’s marital status

Married 1.000 1.000

Other 3.817 0.081 (0.850,17.149) 1.585 0.353 (0.599, 4.196)
Caregiver’s education

Never attended school 1.000 1.000

Some primary school 0.857 0.621 (0.464, 1.580) 0.789 0514 (0.388, 1.606)

Above primary school 0.955 0.905 (0.453,2.015) 1.288 0618 (0.477,3.479)
Caregiver’s occupation

Farmer 1.000 1.000

Full-time caregiver 0.722 0353 (0.363, 1.436) 1318 0.540 (0.545, 3.186)

Others 1.087 0.835 (0.494, 2.390) 2971 0.067 (0.927,9.522)
Caregiver’s social support 1.073 0.013" (1.015, 1.134) 0.941 0.225 (0.854,1.038)
Annual household income

<RMB 35k 1.000 1.000

RMB 35 k-70 k 1.239 0420 (0.736, 2.086) 0.696 0.302 (0.350, 1.384)

>RMB 70 k 1.052 0.884 (0.533,2.076) 0408 0.060 (0.160, 1.038)
Child’s uncomfortable reaction after eating MNP

No 1.000 1.000

Yes 1.173 0.688 (0.538, 2.555) 0.240 0.023" (0.070,0.822)
Score of child’s preference for MNP 1736 <0.001™ (1457, 2.067) 1496 0.004” (1.134,1.974)
MNP Delivery pattern

Home visit-based 1.000 1.000

Township or village-based 1.248 0.589 (0.559, 2.784) 0.331 0.058 (0.105, 1.039)

Both 1.710 0.196 (0.759, 3.855) 0.502 0.375 (0.109, 2.303)
Knowledge score 1.212 0.096 (0.966, 1.521) 1.557 0014 (1.092,2.218)
Perceived susceptibility 1.127 0377 (0.864, 1.470) 0.871 0.465 (0601, 1.262)
Perceive severity 1.065 0.724 (0.753, 1.506) 1.440 0.230 (0.794,2.611)
Perceived barriers 0.904 0.040" (0.820, 0.995) 0.948 0.540 (0.801, 1.124)
Perceived benefits 1.132 0.059 (0.996, 1.286) 0.998 0.982 (0.816, 1.220)
Self-efficacy 1157 0019 (1.024,1.308) 1393 0.003" (1.117,1.737)
“p<0.05
" p<0.01

P

p<0.001
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conclusions of Sun et al. [35], which found that grandpar-
ents had higher average adherence to MNP than parents
[35]. That earlier study found that parents had a rela-
tively lower effective MNP feeding rate, mainly because
parents were more concerned about the effectiveness of
MNP and thought that free service may be bad. It is also
possible that parents may be less able to maintain effec-
tive MNP feeding behavior than grandparents because of
interruptions caused by their work schedules or migra-
tion for labor.

We found that the high level of child’s preference for
MNP and the high self-efficacy of caregivers were two
primary factors promoting effective MNP feeding behav-
ior among all caregivers. The importance of child’s pref-
erence in promoting MNP adoption has been widely
found in prior studies in both China and internationally
[48-50]. The taste of MNP can influence whether chil-
dren are willing to take MNP, which in turn can influence
how likely caregivers are to persist in effectively feeding
MNP to the children. Our results also showed that feed-
ing self-efficacy, or the caregiver’s subjective evaluation
of whether they could effectively engage in MNP feed-
ing, was strongly correlated with effective MNP feeding
behavior. Regardless of generation, the more confident
caregivers were that they could adhere to feeding their
children MNP, the more likely they were to feed MNP
effectively. This is consistent with the finding in Aregash
et al. (2021) that the more confident caregivers were, the
higher their adherence to MNP adoption [50]. Further-
more, ethnicity was also one of the factors influencing
the effective MNP feeding behavior both among parental
and grandparental caregivers. The finding is consistent
with findings from studies by Li et al. [21] and Zhou et al.
[24], which also suggested that primary caregivers who
were part of ethnic minorities were less likely to engage
in effective MNP feeding practices [21, 24]. This may be
related to factors such as the living environment, cultural
background, educational level, and dietary habits [24].
Therefore, future efforts to enhance compliance with the
MNP program should consider ethnic differences and
provide cultural- and context-specific feeding guidance
to local caregivers.

However, not all factors influenced the feeding behav-
ior of parents and grandparents in the same way. For
example, caregivers’ perceived barriers to effective feed-
ing strongly influenced the MNP feeding behavior of
parental caregivers, but not of grandparental caregivers.
These barriers included perceived difficulties in feeding
MNP to children, such as children refusing to eat, car-
egivers not having enough time and energy to adminis-
ter MNP on schedule, etc. The negative influence of such
perceived barriers on MNP adoption has also been pre-
viously found in Aregash et al. (2021) [50]. One possible
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reason that parents may be relatively susceptible to these
perceived barriers is that grandparents generally have
more experience raising children and may be less alarmed
or dissuaded from proper feeding behavior by perceived
difficulties. Parents with less feeding experience, on the
other hand, may be less accustomed to barriers to feed-
ing their babies, possibly increasing the influence of these
barriers on their own feeding behavior.

Likewise, we identified several factors that strongly
influenced the feeding behavior of grandparents but not
parents. In addition to children’s preference for MNP and
caregivers’ self-efficacy, grandparents’ feeding behav-
ior was positively influenced by their level of knowledge
about MNP. We found that there was a difference in the
scores of parents’ and grandparents’ MNP-related knowl-
edge, with grandparents exhibiting slightly lower MNP-
related knowledge. This finding echoes the results of Yue
et al. [36], which also found lower levels of nutritional
knowledge among grandparents than parents, consistent
with the lower average educational level of grandparents
than parents [36]. An earlier study in Nepal also found
that the likelihood of effective MNP feeding behavior
was improved when correct MNP feeding was demon-
strated to older caregivers who were less knowledgeable
about MNP skills [51]. Taken together, these findings
suggest that increasing education and outreach about
MNPs among grandparents may be an important meas-
ure to promote MNP adoption by grandparents in future
interventions.

Another factor that influenced grandparents’ feed-
ing behavior more strongly than that of parents was
the perception of child’s discomfort after MNPs were
administered. Common discomfort reactions of children
after taking MNP include refusal to eat, nausea, vomit-
ing, loose stool, black stool [42]. In the total sample of
this study, 7.13% of the caregivers reported that children
exhibited discomfort after taking MNP. In the subsample
of grandparents, this proportion was higher, with 8.21%
of the grandparents reporting that their babies had some
kind of discomfort reaction after taking MNP. Past stud-
ies including Dusingizimana et al. [52] have also found
that discomfort reactions of children after taking MNP,
such as vomiting and black stool, are one of the major
obstacles to effective MNP feeding behavior [52]. One
possible explanation for the relatively high influence of
these reactions on the feeding behavior of grandparents
is that grandparents may pay more attention to or be
more likely to observe child’s discomfort reactions than
parents. Additionally, the apparent tendency of grand-
parents to reduce MNP feeding behaviors when they
perceive child’s discomfort may indirectly reflect their
relative lack of knowledge about MNP. At the same time,
this finding also suggests that before distributing MNP,
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program representatives should fully explain to caregiv-
ers some common discomfort reactions that may exist
after the child take MNP, so as to reduce their panic
and distrust of MNP when they encounter the child’s
discomfort.

This study has several strengths and limitation that
merit mention. One major strength of this study is that
our study fills in some of the main gaps in previous stud-
ies and provide substantial evidence that can be used to
improve the efficiency of MNP implementation in China
and other similar countries. Additionally, our analysis is
based on the Health Belief Model, which has rarely been
used in past studies of feeding behavior and adherence in
MNP programs. This model provides specific behavior-
related insights that can be used to guide future efforts to
improve health-related behavior. In terms of the limita-
tion, our study relies on caregivers’ self-reports of MNP
consumption, which may introduce reporting bias and
recall bias into our data. In anticipation of this, we imple-
mented several quality control measures to minimize the
potential biases associated with self-reported data. These
include ensuring the scientific validity and feasibility of
the survey protocol and questionnaire through litera-
ture review, expert consultation, and pilot surveys. Dur-
ing survey administration, we employed dual verification
through both field and data platform checks to ensure
the authenticity and completeness of the data. Future
research in this field should consider adopting more
objective data collection methods to further enhance
data credibility, such as conducting direct observations
of caregivers’ MNP feeding practices through home visits
spanning a continuous week.

Conclusion

In summary, our study found that the MNP feeding
status of parents and grandparents in rural China is
far from ideal, with parents showing relatively poorer
MNP feeding practices. Child’s preference for MNPs
and caregiver’s self-efficacy influence the effective
administration of MNP by both parental and grandpa-
rental caregivers. Perceived barriers strongly influence
the MNP feeding behavior of parental caregivers, while
limited knowledge about MNP and the perception of
child’s discomfort after taking MNP influence grand-
parents’ MNP feeding behavior. These preliminary
findings provide important information for subsequent
development of effective intervention strategies to
improve the MNP feeding status of caregivers and the
nutritional status of children in rural areas. Our find-
ings suggest that future efforts to improve the feeding
behavior of caregivers in MNP programs need to focus
on children’s preference for MNP and caregivers’ self-
efficacy. For instance, improving the composition and
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taste of MNP [53] can make children prefer to eat MNP,
while doctors regularly conducting health education
sessions for caregivers and encouraging their participa-
tion in psychological support groups can be effective
strategies to enhance caregivers’ self-efficacy. Gener-
ation-specific measures are also needed. For example,
more methods for overcoming MNP feeding barriers
should be imparted to parental caregivers through reg-
ular health education conducted by experts. Addition-
ally, grandparental caregivers should meet with experts
to increase their understanding of MNP and learn how
to cope with children’s uncomfortable reactions to
MNP. These findings can increase the design and imple-
mentation of MNP programs both in rural China and in
other LMICs, helping to ensure adequate nutrition and
healthy development for children worldwide.
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