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Abstract

Objective: To explore the causal relationsh ip between household income and breastfeeding by applying Mendelian Randomization (MR) analysis.

Methods: We obtained data on household income and breastfeeding practices from the IEU Open GWAS database derived from European populations.

The causal relationship between household income and breastfeeding was analyzed by five methods: Inverse Variance Weighted (IVW), MR Egger regression,

weighted median, weighted, and simple models. Cochran’s Q test and MR Egger regression were performed to analyze heterogeneity and horizontal

pleiotropy, respectively.

Results: IVW associated higher household income with an increased rate of breastfeeding (OR = 1.05, P = 4.05e-05). This finding was corroborated by
weighted median (OR = 1.06, P = 5.5e-04) and simple (OR = 1.09, P = 0.02) models. Reverse analysis showed that breastfeeding did not increase family
income (P > 0.05). Quality control analyses indicated the absence of heterogeneity and pleiotropy.

Conclusion: Our study disclosed a positive causal relationship between household income and an increased rate of breastfeeding in Europeans. However,

a causal relationship between breastfeeding and increased household income was not evident.

INTRODUCTION

The intricate relationship between socioeconomic
factors and infant feeding practices, particularly
breastfeeding, has garnered significant attention in both
public health and academic research. The World Health
Organization recommends exclusive breastfeeding during
the first six months of life, as it is widely recognized as a
crucial determinant of infant health and development,
providing essential nutrients and immunologic benefits
that can shape health outcomes across an individual’s
lifespan. However, disparities in breastfeeding rates often
reflect underlying socioeconomic inequalities, raising
concerns regarding the long-term health implications

for both infants and communities. For example, lower
socioeconomic status is frequently associated with
reduced breastfeeding initiation and duration, leading to
adverse health outcomes for children from economically
disadvantaged backgrounds [1,2].

Current strategies to promote breastfeeding often
encounter substantial barriers that are linked primarily
to socioeconomic conditions and cultural perceptions
regarding infant feeding. Initiatives to support
breastfeeding are frequently undermined by factors such
as limited access to resources, lack of education regarding
the benefits of breastfeeding, and negative societal
attitudes towards breastfeeding in public [3]. Despite the
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growing body of literature on the impact of socioeconomic
status on breastfeeding, the nuances of this relationship
remain insufficiently explored, particularly regarding
the causal pathways that connect family income to infant
feeding practices. Although some studies have reported
robust associations between socioeconomic factors and
breastfeeding rates [4], others have yielded mixed results,
highlighting the complexity of this relationship. This
discordance underscoresa critical gap in the understanding
of how family income affects breastfeeding behavior, and
indicates a pressing need for further investigation [5]. A
more nuanced exploration of this relationship could yield
valuable insights to inform public health policies and
interventions to promote breastfeeding, especially among
low-income populations.

The primary objective of this study was to investigate
causal relationships between family income and
breastfeeding behaviors from both forward and reverse
perspectives by utilizing a bidirectional two-sample
Mendelian Randomization (MR) approach, utilizing publicly
available data from Genome-Wide Association Studies
(GWAS) of European populations. This methodological
framework permitted a rigorous examination of causal
relationships between family income and breastfeeding
practices, leveraging Single Nucleotide Polymorphisms
(SNPs) as instrumental variables. The advantage of
employing MR lies in its ability to infer causal relationships
while controlling for confounding factors and minimizing
the impact of reverse causation, a common challenge in
observational studies [6].

By elucidating these relationships, this study aimed to
enhance the understanding of how socioeconomic factors
shape maternal health decisions, and to ultimately inform
public health initiatives and interventions to improve
breastfeeding rates among economically disadvantaged
families. This exploration not only holds the potential
to advance academic discourse but may also translate
into practical strategies for addressing health disparities
related to infant nutrition [7,8].

In summary, this study is positioned to fill a critical
research void by elucidating the interplay between
family income and breastfeeding practices. By employing
advanced statistical approaches and leveraging genetic
data, we sought to provide insights that may inform
public health strategies to promote optimal infant feeding
practices in the context of socioeconomic inequality.

MATERIALS AND METHODS
Source MR Must Follow Three Core Assumptions

1. Genetic variation and exposure factors are highly

correlated; 2. Genetic variation is not affected by
confounding factors such as environment; 3. Genetic
variation can only affect outcomes through exposure
factors, not through other means [9]. To mitigate the
impact of population stratification, all included samples
were from the European population. All instrumental
variables involved in MR analysis were downloaded from
the IEU Open GWAS database (https://gwas.mrcieu.
ac.uk/datasets/). Household incomes were obtained from
GWAS data released in 2018 (ID: ukb-b-7408) acquired
from 39,7751 European participants. Breastfeeding data
were obtained from GWAS data released in 2021 (ID:
ukb-1-33) involving 25,5881 European participants,
including 181,621 patients and 74,260 controls. Positive
research used household income as the exposure factor
and breastfeeding as the outcome factor; reverse analysis
designated breastfeeding as an exposure factor and
household income as an outcome factor. Because all data
used in this investigation were published previously, an
additional ethical review of our study was not required.

Selection of Instrumental Variables and Quality
Control

We first extracted SNPs significantly associated with
whole genome exposure (P < 5x10%¥) [10]. Second, the
parameter threshold for linkage disequilibrium was set to
r?2< 0.001, with a regional range of kb=10000, to remove
SNPs with linkage disequilibrium. Third, SNPs with minor
allele frequencies below 0.01 were removed. Finally, we
removed palindrome and incompatible alleles. We used
F-score to determine whether the selected SNP was affected
by weak instrumental variables. F-score was calculated by
employing the formula F = beta?/s? [11], where beta is the
effect value of SNP exposure and s is the standard error of
beta. An F-value greater than 10 indicates an absence of
bias; consequently, SNPs with F-scores < 10 were excluded
[12].

Statistical Analysis

The Inverse Variance Weighted (IVW) method
was used as the principle approach for calculating
causal effects. The MR Egger regression, weighted
median, simple, and weighted modes were used for the
comprehensive evaluation of causal effects [13]. [VW is the
primary analytical tool used to estimate potential causal
relationships because it provides the most accurate results;
selected SNPs are effective instrumental variables [14].
The MR Egger regression and weighted median methods
are used to improve IVW estimation as they provide more
reliable estimates in a wider range of cases [15,16]. The
weighted mode clusters SNPs into a subset based on the
similarity of causal effects, thereby estimating causal
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effects in the subset with the highest number of SNPs [17].
The strength of the causal relationship between household
income and breastfeeding was expressed using Odds Ratio
(OR) and 95% confidence interval (95% CI). Heterogeneity
testing evaluated the differences between individual
instrumental variables, using Cochran’s Q test with a P >
0.05 indicating the absence of heterogeneity [18]. The level
of pleiotropy between multiple instrumental variables was
identified by the intercept term of the MR Egger method,
with P > 0.05 indicating an absence of pleiotropy [19]. We
constructed funnel plots to evaluate potential horizontal
pleiotropy, similar to the method used in meta-analyses
to assess bias. The ‘leave one out’ sensitivity analysis was
used to evaluate whether the causal relationship between
exposure and outcomes was influenced by any single SNP
[20], and the results were presented in forest plots. All the
above MR and quality control analyses were conducted
using R software (version 4.4.1) and R package Two
Sample MR (version 0.6.8).

RESULTS

Causal Relationship between Household Income and
Breastfeeding (Positive Study)

MR Analysis Results: Significant (P < 5x10®) and
independent (r?< 0.001, kb = 10000) SNPs were included.
After removing the palindrome sequence, 43 instrumental
variables were included. For these instrumental variables,
all F-values were >10. These variables conform to
the strong correlation hypothesis of MR and are less
affected by the bias of weak instrumental variables. [IVW
associated increased household income with a higher rate
of breastfeeding (OR = 1.05, 95% CI: 1.03-1.08, P = 4.06e-
05). The simple (OR = 1.09, 95% CI: 1.02-1.18, P = 0.02)
and weighted median modes (OR = 1.06, 95% CI: 1.02-
1.09, P = 5.5e-04) showed that higher household income
increased the rate of breastfeeding. Furthermore, the
causal effects identified by the five analysis methods were
consistent (OR values were all greater than 1), supporting
a positive causal relationship between household income
and breastfeeding (Table 1).

Sensitivity Analyses: Cochran Q test showed Q =
45.95, P = 0.27, indicating no heterogeneity of SNPs (P >
0.05). The MR Egger intercept method (intercept = 1.2e-
04, P = 0.9) demonstrated no horizontal pleiotropy (P >
0.05) in the selected instrumental variable of household
income. The “leave one” method analysis disclosed that
the lack of a single SNP did not affect the causal correlation
between household income and breastfeeding. Funnel plot
symmetry indicated robust and reliable results (Table 2,
Figure 1).

Table 1: Bidirectional MR analysis between household income and breastfeeding.

Exposure | Outcome Method |nSNP| beta P OR | 95%CI
0.95-
MR Egger | 43 0.04 04 | 1.04 1.15
Simple mode| 43 | 0.09 | 0.02 | 1.09 L.02-
1.18
Household Weighted -4.20E- 0.94-
income Breastfed mode 43 04 ! ! 1.07
Weighted 5.50E- 1.02-
median 43 0.06 04 106 1.09
4.05E- 1.03-
Ivw 43 0.05 05 1.05 1.08
MR Egger | 11 | -0.46 | 0.46 | 0.63 |0.19-2.0
. 0.76-
Simple mode| 11 0.29 0.33 | 1.35 238
Household | Weighted 0.75-
Breastfed income mode 11 0.28 036 | 1.33 236
Weighted 0.78-
median 11 0.09 0.59 | 1.09 154
0.79-
Ivw 11 0.04 0.76 | 1.04 137

MR: Mendelian Randomization; SNP: Single Nucleotide Polymorphisms; IVW:
Inverse Variance Weighted.

Table 2: Heterogeneity and pleiotropy tests for instrumental variables.

Heterogeneity Pleiotropy
Outcome
Q P intercept P
Breastfed 45.95 0.27 1.20E-04 0.9
Household income 11.8 0.22 4.40E-03 0.4

Causal Relationship between Breastfeeding and
Household Income (Reverse Study)

MR Analysis: Breastfeeding was used as the exposure
factor and household income as the outcome factor,
with the same SNPs included as in the forward study.
Finally, 11 instrumental variables were selected, and all
F-values were>10, indicating no bias. All 5 MR analyses
showed no causal relationship between breastfeeding and
increased household income, and the differences were not
statistically significant (P > 0.05) (Table 1).

Sensitivity Analyses: Cochran Q test showed Q =
11.8, P = 0.22, indicating no heterogeneity of SNPs (P >
0.05). The MR Egger intercept method (intercept = 4.4e-
03, P = 0.4) disclosed no significant pleiotropy (P > 0.05)
in the selected BC instrumental variables. The “leave
one” method showed that the lack of a single SNP did not
affect the causal correlation between breastfeeding and
household income. Funnel plots showed symmetrical data
distribution, indicating robust and reliable results (Table
2, Figure 1).

DISCUSSION

This study aimed to explore the causal relationship
between household income and breastfeeding by using
MR analysis. We obtained data on household income
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Figure 1 Scatter plots of causal associations, leave-one-out plots, and funnel plots generated by sensitivity analyses.
Scatter plot for estimating the effect of household income on the rate of breastfeeding.

Scatter plot for estimating the effect of breastfeeding on household income.

Leave-one-out analysis of the effect of household income on breastfeeding.

Leave-one-out analysis of the effect of breastfeeding on household income.

Heterogeneity of MR estimates of the impact of household income on breastfeeding.

Heterogeneity of MR estimates of the impact of breastfed on household income.
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and breastfeeding behavior from a GWAS database to
investigate this relationship. Using multiple MR methods,
including IVW and MR Egger regression, we evaluated
the causal effects of household income on breastfeeding
rates. Our findings disclosed a positive causal relationship
between increased household income and the rate of
breastfeeding in a European population, reinforcing the
argument that socioeconomic factors play a pivotal role in
maternal and child health decisions. This was consistent
with previous research findings,which demonstrated that
mothers with higher household income were more likely
to breastfeed [21].

In contrast, the reverse analysis indicated that
breastfeeding did not significantly increase family income,
which challenges the assumption that breastfeeding might
contribute to better financial outcomes for families. This
implies that while breastfeeding provides numerous health
benefits for infants and mothers, its impact on economic
factors may not be as pronounced as previously thought.
The absence of evidence of a reverse causal relationship
aligns with findings that highlight the importance of
socioeconomic factors in maternal health decisions [22].

Quality control analyses revealed no significant
heterogeneity or pleiotropy, validating the robustness
of our findings. The methodological rigor of this study
including the use of multiple MR approaches strengthens
the confidence in asserting a causal link between household
income and breastfeeding. This is particularly crucial
given the concerns regarding the validity of MR studies
due to potential biases introduced by genetic variants that
could have pleiotropic effects [23]. Moreover, these results
underline the necessity for policymakers to consider
economic support systems that promote breastfeeding
as a public health strategy. Targeted interventions aimed
at increasing household income could yield positive
outcomes in breastfeeding rates, thereby improving infant
health metrics and potentially reducing healthcare costs
associated with formula feeding and its complications [24].

The implications of this study extend beyond the
immediate findings, as they suggest a need for further
exploration of the potential influence of socioeconomic
factors on maternal behaviors and child health outcomes.
Future research should focus on the pathways through
which income affects breastfeeding practices, considering
variables such as access to healthcare, maternal education,
and community support systems [25]; and should address
the development of comprehensive strategies to enhance
breastfeeding rates through economic empowerment [26].

Limitations of this study must be acknowledged. First,

the reliance on GWAS data may have introduced bias, as
the identified genetic variants may not have fully captured
the complexities of socio-economic factors influencing
both household income and breastfeeding practices.
Additionally, the restriction of the analysis to a European
population limits the generalizability of the findings to
other ethnic groups or geographic regions. Furthermore,
although multiple MR methods were employed to ensure
robustness, unidentified and therefore unmeasured
confounding factors may have influenced the observed
associations. Lastly, the absence of heterogeneity and
pleiotropy detected by our quality control analyses should
be interpreted with caution, as genetic instruments may
have pleiotropic effects that are not readily detectable.

In conclusion, this study establishes a positive causal
relationship between increased household income and the
likelihood of breastfeeding among Europeans, suggesting
that socioeconomic factors play a significant role in
breastfeeding practices. However, a reverse association, in
which breastfeeding would influence household income,
was not evident. Future studies should aim to expand the
demographic scope and investigate the impact of additional
confounding variables to provide a more comprehensive
understanding of this relationship.
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