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Abstract

The Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) provides 

breastfeeding support and free formula to low-income participating infants in the U.S. Literature 

has consistently documented worse breastfeeding outcomes in WIC infants and children than in 

non-participants, although self-selection bias poses a challenge in examining the relationship 

between WIC participation and breastfeeding in low-income mother-child dyads. The WIC 

program adopted a comprehensive food package revision in 2009, the first one in four decades. 

Since that time, few national studies have examined the relationship between WIC participation 

and breastfeeding while controlling for the endogeneity of WIC participation with the propensity 

score method. This paper applied an instrumental variable (IV) approach on a large, nationally 

representative survey sample of children, the National Immunization Surveys (NIS), to examine 
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the relationship between WIC participation and breastfeeding among children born between 2005 

and 2014. We identified state Supplemental Nutrition Assistance Program (SNAP) enrollment 

rates and SNAP Policy Indices as valid IVs to address WIC participation endogeneity. Without the 

IVs, WIC participation had a significantly negative relationship with breastfeeding. After 

addressing endogeneity using the IVs, the relationship became insignificant in the whole sample 

and in the subpopulations across race/ethnicity and child gender. The neutrality of WIC 

participation on breastfeeding is important for policy makers to understand in seeking to improve 

breastfeeding among WIC participants.
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1. Introduction

The Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) is a 

federal nutrition assistance program in the U.S. that provides supplemental food packages, 

nutrition education, and health care referrals for eligible low-income women (pregnant, 

breastfeeding, and non-breastfeeding postpartum), infants, and children up to age five 

(USDA, 2020a). The monthly number of participants reached approximately 6.87 million in 

fiscal year 2018 (USDA, 2019). Given the well-documented health benefits of breastfeeding, 

the WIC program is designed at least in part by the governing federal regulations to promote 

breastfeeding among participating mother-infant dyads (USDA, 2016). At the same time, 

WIC provides free formula for participating women who do not fully breastfeed their 

infants. These seemingly conflicting policies have complicated the relationship between 

WIC participation and breastfeeding.

Literature has consistently documented worse breastfeeding outcomes in WIC infants and 

children than in non-participants (Ryan & Zhou, 2006; Ziol-Guest & Hernandez, 2010; 

Jensen, 2012). For example, the proportion of infants and children ever breastfed in 2016 

was 81.1% in the general population but was only 71.0% in WIC participants (USDA, 2018; 

CDC, 2020). The latest report from the National Academies of Sciences, Engineering and 

Medicine (NASEM) Committee to Review WIC Food Packages (“the NASEM WIC 

Committee”) disclosed these consistent outcomes in WIC-participating infants compared to 

all infants in 2008–2013 (NASEM, 2017). Even compared with WIC-eligible non-

participants, with adjustment for changes in socio-demographics, WIC-participating infants 

and children still had lower breastfeeding rates, although the gap has been closing in more 

recent years (Zhang et al., 2019). Therefore, it is an intriguing question whether WIC 

participation is causing the poorer breastfeeding outcomes, potentially due to the availability 

and distribution of free formula to mothers who do not fully breastfeed.

1.1 Background: WIC policy changes pertinent to breastfeeding

WIC is a joint federal-state program to provide nutrition assistance to eligible women, 

infants, and children. Different from other nutrition assistance programs, such as the 

Supplemental Nutrition Assistance Program (SNAP), WIC is not an entitlement program, 
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which means its funding depends on the Congress’ authorization each year (USDA, 2020a, 

2020b). The U.S. Department of Agriculture/Food Nutrition Service (USDA/FNS) is the 

federal agency that provides WIC grants to 90 agencies, including states, U.S. territories, 

and Indian tribes, and ensures their compliance with WIC regulations.

In the last three decades, guidelines on breastfeeding have been consistently updated to 

improve outcomes. The Child Nutrition and WIC Reauthorization Act of 1989 required state 

WIC agencies to incorporate breastfeeding into their nutrition education efforts and to assign 

breastfeeding coordinators to provide training and support to participants (H.R. 24, 1989). In 

addition, the Healthy Meals for Healthy Americans Act of 1994 mandated spending 

requirements for state WIC agencies to promote breastfeeding to pregnant and post-partum 

WIC participants (H.R. 8, 1993). In 1997, the USDA launched the Loving Support Makes 

Breastfeeding Work campaign to promote breastfeeding among WIC mothers (National 

WIC Association, 2019). In 2004, WIC launched the Breastfeeding Peer Counselor 

Initiative, in which peer mothers with breastfeeding training and experience served as 

counselors for WIC mothers’ breastfeeding (National WIC Association, 2019).

A milestone WIC policy change came in the 2009 WIC food package revision, the first 

overhaul of WIC in the past four decades. The changes reduced the amount of infant formula 

to women who received the partially breastfeeding package and increased the amount of 

non-formula supplemental food for fully breastfeeding mothers (NASEM, 2017). The 

rationale was to incentivize new WIC mothers to enroll in the fully breastfeeding package, 

thereby increasing breastfeeding rates among participants. However, evidence for the 

change’s impact has been mixed, despite reports of increased breastfeeding rates among 

WIC participants (NASEM, 2017). While some populations were more likely to breastfeed, 

some state WIC programs saw no change in the overall breastfeeding rates attributable to the 

food package changes (Langellier et al., 2014; Wilde et al., 2011, 2012). Although more new 

mothers enrolled in the fully breastfeeding package, more mothers were also assigned to the 

full formula package, which does not require breastfeeding (Wilde et al., 2011). In the 

absence of a proper point of comparison, such as eligible non-participants’ breastfeeding 

behaviors over the same period, it is challenging to determine whether or not these mother-

infant dyads would have done the same without participating in WIC.

1.2. Previous studies related to the relationship between WIC participation and 
breastfeeding among participants

A series of studies have demonstrated that the endogeneity of WIC participation can create 

misestimates of the program’s effect on infants’ and children’s birthweight, oral health, and 

nutrition intake (Kowaleski-Jones & Duncan, 2002; Lee et al., 2004; Yen, 2010). The 

“selection bias” of WIC participation can also make breastfeeding outcomes appear worse 

among participants, i.e., observable or unobservable characteristics can lead to women who 

are less likely to breastfeed enrolling in the WIC program. Table 1 lists the series of efforts 

in the field to address the effect of endogeneity of WIC participation on breastfeeding 

outcomes.

Four analytic approaches have been exploited to address the potential selection bias: fixed 

effects (Bitler & Currie, 2005; Sonchak, 2017), propensity score (Jiang et al., 2010; Gregory 
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et al., 2016; Li et al., 2019), exposure to WIC duration (Martin-Anderson, 2013; Metallinos-

Katsaras et al., 2015; Topolyan & Xu, 2017), and IV (Bullinger & Gurley-Calvez, 2016). 

The sample sizes of these studies were limited to around 4,000, and the results consistently 

indicated a negative relationship between WIC participation and breastfeeding. Jiang et al. 

(2010) used the Panel Survey of Income Dynamics (PSID) data but suggested the negative 

relationship might be biased. The other studies had larger sample sizes, but most of them 

were limited to one or multiple states with a more positive effect of WIC participation on 

breastfeeding (Bitler & Currie, 2005; Metallinos-Katsaras et al., 2015; Sonchak, 2017). 

Therefore, sample size could potentially affect the effect estimation even while controlling 

the self-selection bias. The most significant limitation of these studies is the short or 

outdated study periods, which could not capture the long-term WIC program and policy 

changes in breastfeeding promotion. The only exceptions are Sonchak (2017) and Li et al. 

(2019), which covered the periods of 2004–2014 and 2005–2014, respectively.

Given the continuing interest of the WIC program in breastfeeding outcomes, it is worth the 

effort to examine the relationship between WIC participation and breastfeeding by explicitly 

addressing endogeneity in empirical estimation. In this study, we used the National 

Immunization Survey (NIS) from 2006–2016, the standard national data used by the CDC to 

create the national breastfeeding report card annually, to examine the relationship between 

WIC participation and breastfeeding. An IV approach was used to address the endogeneity 

issues. This is the first national study using an IV approach to examine the WIC 

participation effect on breastfeeding after the milestone 2009 WIC revisions.

2. Methodology

2.1. Data sources

Our primary data source is the National Immunization Surveys (NIS), a national, population-

based survey sponsored and conducted by the National Center for Immunization and 

Respiratory Diseases (NCIRD) of the Centers for Disease Control and Prevention (CDC) 

(CDC, 2018). It is an annual, telephone-based survey interviewing parents or guardians in all 

50 states, the District of Columbia, and some U.S. territories to monitor vaccination 

coverage among children 19–35 months and teens 13–17 years. The NIS provides nationally, 

state, and locally representative estimates of vaccination coverage among children and 

teenagers. We used the NIS-child data in this study, which contains information on socio-

demographics and health insurance coverage for children 19–35 months of age as well as 

their mothers’ WIC participation status and the child’s breastfeeding information. This is the 

data used by the CDC to produce the annual National Breastfeeding Report Card, which 

includes the national- and state-level breastfeeding rates (CDC, 2020).

Aiming to be consistent with the National Breastfeeding Report Card, we included the data 

from 50 states and D.C. and combined two survey years’ data into one cohort by the year of 

the child’s birth, following the methods used in the CDC NIS data analysis guide (NIS, 

2018). Data for this study were derived from the 2006–2016 NIS-child public use data, 

which does not provide the survey child’s birth month and year information but includes the 

child’s age group information (age groups: 19–23 months, 24–29 months, and 30–35 

months). We used the child’s age group information to infer their birth cohort. For example, 
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children aged 19–23 months in the 2015 NIS-child survey year represent children born from 

January 2014 to May 2014. Similarly, children aged 24 months or older in the 2016 NIS-

child survey data could also have been born in 2014. Therefore, we combined these children 

from the 2015 and 2016 NIS-child survey data to create a 2014 NIS-child birth cohort. In 

this study, we created the birth cohorts from 2005 to 2014 by using the 2006–2016 NIS-

child survey data. Since 4.14% of NIS households had more than one child surveyed in the 

sample, we removed these households so that each sampled household had only one sampled 

child.

2.2 Key variables

We used NIS-child to construct our key variables of interest. The primary outcome variable 

was the ever-breastfeeding status, which was derived from the answer to the question, “Was 

the child ever breastfed or fed breastmilk.” The measurement is consistent with the National 

Breastfeeding Report Card, which uses the same data source (CDC, 2020).

The primary exposure variable was WIC participation, which was derived from the question, 

“Has the child ever received WIC benefits.” We used the answer to this question, instead of 

“currently receiving WIC,” as a proxy of WIC participation at infancy due to the following 

reasons: First, NIS sample children were aged 19–35 months, which means a low prevalence 

of children still being breastfed at the survey time, so the indicator of currently receiving 

WIC was not directly related to their breastfeeding statuses at the survey time (CDC, 2020). 

Second, more than 70% of children started their WIC participation at infancy (age 0) 

(Burstein et al., 2000; Castner et al., 2009). The 2017 participation rates among eligible 

infants and children at ages 1, 2, 3, and 4 were 79.3%, 57.5%, 43.8%, 40.0%, and 25.0%, 

respectively (USDA, 2020c). Multiple barriers exist for children to participate in WIC, e.g., 

misconceptions that only infants are eligible and dissatisfaction with the contents of the 

children’s food package (FRAC, 2019). The average value of the children’s package was 

$39.07, compared with the infant food package value of $123.06 in Fiscal Year 2014 

(USDA/FNS, 2018). Given no strong economic incentives but significant barriers, older 

children are unlikely to be enrolled in the WIC program as new participants. Therefore, it is 

appropriate to use the “ever received WIC benefits” as a proxy to measure WIC participation 

as infants.

The child’s and mother’s socio-demographics were controlled, including the child’s age 

group in the survey year (19–23 months, 24–29 months, 30–35 months), birth cohort, 

gender, and race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, and others), 

poverty-income ratio (PIR), i.e., the ratio between household income and the federal poverty 

level (FPL), maternal education group (less than high school, high school graduate or GED, 

some college education but no degree, college graduate or higher), maternal age group in the 

survey year (less than 30 years old, equal to or older than 30 years), mother’s marital status 

(married, non-married), number of people in the household, and interview language 

(English, Spanish, other).

To control the state-level policy variables, except for adding the state dummies for state fixed 

effects, we also added the state annual unemployment rate, Temporary Assistance for Needy 

Families (TANF) enrollment rate, which was defined as number of participants divided by 
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state population, and Children’s Health Insurance Program (CHIP) enrollment rate, which 

was defined as number of participating infants and children divided by number of children 

18 or under in the state. State unemployment rates, TANF enrollment rates, and CHIP 

enrollment rates were derived from multiple national data sources (Hoag et al., 2011; IPPSR, 

2019; Medicaid, 2020; The Annie E. Casey Foundation, 2020; U.S. BLS, 2020). Controlling 

state dummies and state-level policy variables is a common practice in policy analyses 

(Sloan & Shadle, 2009; Abaluck & Gruber 2011; Aguiar et al., 2013; Grabowski et al., 

2013).

2.3 Endogenous WIC participation and IV selection

Nonrandom selection into WIC participation causes an endogeneity problem in estimating 

effects and drawing causal inferences about WIC participation on health behaviors and 

outcomes (Jiang et al., 2010). Without dealing with the endogenous selection problem, the 

estimated effects of any study would possibly be biased and reflect the influences of the 

characteristics of the WIC participants that led them to enroll instead of the impact of the 

WIC program.

To our best knowledge, only one previous study has employed IVs to address the 

endogeneity of WIC participation in breastfeeding (Bullinger & Gurley-Calvez, 2016). 

However, they used the state-level grocery price index as the IV, which was unlikely to be 

the primary motivator for WIC participation. Moreover, the result indicated that WIC 

participation reduced exclusive breastfeeding by 50%, which was beyond a reasonable 

range. Therefore, it is worth using a new IV to revisit the relationship between WIC 

participation and breastfeeding.

Empirically, we need to identify a set of legitimate IVs that are highly correlated with WIC 

participation but uncorrelated with the outcome: breastfeeding. Since WIC is implemented 

by state WIC agencies, state policies can influence the decision to participate in the WIC 

program (Bitler & Currie, 2005). Aiming to find a strong instrumental variable for WIC 

program participation, we explored a longitudinal state policy database, the Correlates of 

State Policy Project (CSPP), created by the Institute for Public Policy and Social Research 

(IPPSR) at Michigan State University (IPPSR, 2019). We screened 1,128 variables in CSPP 

and identified only one variable as a candidate: the annual state SNAP enrollment rate, 

which is defined as the number of SNAP participants in that year divided by the number of 

the state’s population in that year. The definition of the state SNAP enrollment rate was the 

same as in Ganong & Liebman (2018), and the IV screening process is summarized in 

Figure 1.

2.4 SNAP enrollment rate as a possible IV for WIC participation

Heckman & Smith (2004) suggested that understanding the process of participating in a 

social program is required for identification of IVs. These participation processes can be 

divided into multiple stages, e.g., “eligibility, awareness, application, acceptance, and 

enrollment.” However, these heterogeneous processes make identifying a suitable IV 

challenging, since the ideal IV is supposed to affect all stages in the participation process 

while not affecting the outcome variable. For example, the WIC program’s outreach efforts 
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may determine the awareness of the prospective participants but should not affect their 

breastfeeding intentions. Similarly, the WIC staff’s friendliness or professionalism may 

affect WIC-eligible women’s application process, but not their breastfeeding awareness. 

However, given the limited resources in the real world, these ideal IVs may not be able to be 

measured. Thus, we may have to make a tradeoff between being without an ideal IV or 

having any IV, which may not meet the strictest theoretical expectation but would survive 

the tests, i.e., a “second best” IV.

The state SNAP enrollment rate could be a valid candidate for such a “second best” IV. First, 

the SNAP participation process mirrors the WIC participation process. Both programs are 

nutrition assistance programs managed federally by the USDA and operated by state 

agencies (Hoynes & Schanzenbach, 2015). The SNAP enrollment rate could serve as a 

proxy outcome for many underlying factors related to the WIC participation process that are 

unobservable or challenging to measure, e.g., the staff’s general attitudes toward the 

applicant. Second, based on the socio-ecological framework proposed by Pinard et al. 

(2017), we conducted additional literature review to compare the factors affecting SNAP and 

WIC participation. As shown in Appendix Table 1, there was significant overlap between 

factors affecting either WIC or SNAP participation. For example, some state policies to 

improve enrollment are similar between SNAP and WIC programs (Swann, 2010; Ganong & 

Liebman, 2018). More specifically, state agencies can adopt policies to simplify reporting or 

determine the recertification lengths in both programs. Due to adjunctive eligibility, SNAP 

participants can be enrolled in WIC automatically (Swann, 2010). States can adopt different 

approaches, e.g., approval notice, phone call verification, and online verification, to check 

the adjunctive eligibility (Neuberger, 2017). Therefore, the SNAP participation process is a 

good proxy for the WIC participation process.

Like individual WIC participation, individual SNAP participation can be endogenous as 

well. However, the state SNAP enrollment rate depends more on exogenous economic 

conditions and state policies (Ganong & Liebman, 2018). Moreover, SNAP does not have 

any age limitation, while WIC is only applicable to pregnant or postpartum women, infants, 

and children under 5. In Fiscal Year 2017, approximately 42 million Americans participated 

in SNAP, but only approximately 7 million Americans participated in WIC (USDA, 2020d; 

USDA, 2020e). Therefore, the state-level SNAP enrollment rate could be a proxy for the 

state-level policies that may affect individual WIC participation, but it is unlikely to be 

endogenous to breastfeeding.

The SNAP enrollment rate may depend on other factors, e.g., the unemployment rate, and 

the effects of these factors on breastfeeding are unknown or inconclusive, having received 

limited research among WIC-eligible populations. Therefore, we enhanced the IVs by 

adding the SNAP Policy Index as an additional IV, which reflects the state-level welfare 

policies that can affect WIC participation. The SNAP Policy Index was constructed by the 

USDA/Economic Research Service (ERS) to reflect changes in eligibility, transaction costs, 

stigma, and outreach of the state-level SNAP policies since 1996 (USDA, 2020f).

Our approach provides new insights for future researchers to use in exploring IVs regards 

WIC participation. Given almost no valid IVs identified in the field to examine the important 
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relationship between WIC participation and breastfeeding, the IVs identified in this paper 

serve as a compromised but ground-breaking choice until the day that ideal IVs can be 

identified in future research.

Since other welfare programs, such as TANF and CHIP, are also operated at the state level 

and can be influenced by state-level policies, we tested these two programs’ state-level 

enrollment rates as potential IV candidates. Notably TANF and CHIP are administrated by 

the Department of Health and Human Services (DHHS) at the federal level (CMCS, 2020; 

U.S. DHHS, 2020), which is different from WIC’s federal agency. We compared these IV 

candidates with the SNAP enrollment rate and SNAP Policy Index as a robustness check of 

IV selection.

3. Empirical Application

Following the common practice to identify IVs (Wooldridge, 2010; Sovey & Green, 2011), 

we used the SNAP enrollment rate (SNAP), the squared form (SNAP2), and the SNAP 

Policy Index as the IV set. A two-stage estimation approach was used to assess the 

relationship between WIC participation and breastfeeding practices. First, a linear 

probability model was fit. The model is in the form of

P WICis ∣ IV is, S, Xis, Mis = β0 + β1 IV s + β2S + β3Xis + β4Mis + εis (1)

where I indexes the child, and s is the state. IV indicates the instrumental variables. The 

variable S is a set of state-level variables, including the state dummies, state unemployment 

rate, TANF enrollment rate, and CHIP enrollment rate. Xis includes children’s 

characteristics, including child’s age group, birth cohort, gender, and race/ethnicity. Mis 

captures the mothers’ and household characteristics, including maternal age group and 

socioeconomic status, mother’s marital status, number of people in the household, and 

interview language. Equation (1) was the first-stage procedure to obtain the probability of 

participating in the WIC program for the mothers of income-eligible children.

Then, the predicted WIC participation from the first step was used in the second step 

regression model:

BFis = α0 + α1P W ICls + α2S + α3Xis + α4Mis + ϵis (2)

where BFis is an indicator of whether the child was ever breastfed. The main explanatory 

variable of interest is P W ICls , the predicted probability of WIC participation.

Linear probability models (LPM) were employed given the following considerations:

First, as Angrist & Pischke (2008) suggested, using a linear probability model even though 

the response is binary is more appropriate in the context of limited dependent variable 

models with dummy endogenous regressors. Only the LPM guarantees that the first-stage 

regression produces fitted values that are uncorrelated with the residuals. Nonlinear models 

such as probit or logit may seem appropriate only when the first-stage conditional expected 

function (CEF) is actually nonlinear, which is difficult to test. In contrast, conventional two-
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stage least square (2SLS) estimates using LPM are consistent whether or not the first-stage 

CEF is linear. Even when the first-stage CEF is nonlinear, the marginal effects from 

nonlinear structural models are close to the conventional 2SLS using LPM. As Angrist 

(2001) stated, “If the dependent variable is binary, a nonlinear first-stage model such as 

probit or logit may seem appropriate for 2SLS estimation…. But the resulting second-stage 

estimates are inconsistent unless the model for the first-stage CEF is actually correct. On the 

other hand, conventional 2SLS estimates using a linear probability model are consistent 

whether or not the first-stage CEF is linear, so it is generally safer to use a linear first-stage” 

(Angrist, 2001).

Furthermore, as Wooldridge (2010) pointed out, it is forbidden to get a predicted value for 

an endogenous dummy using a nonlinear model such as a probit/logit model and to plug this 

into a second-stage probit/logit model. This type of regression is called “forbidden 

regression,” “a phrase that describes replacing a nonlinear function of an endogenous 

explanatory variable with the same nonlinear function of fitted values from a first-stage 

estimation.” One example similar to our approach is the Oregon health insurance experiment 

study that used LPMs with IV estimation (Finkelstein et al., 2012). As the authors noted, 

“We estimate linear models even though a number of our outcomes are binary. Because we 

are interested in the difference in conditional means for the treatments and controls, linear 

probability models pose no concerns in the absence of covariates or in fully saturated 

models” (Finkelstein et al., 2012). Therefore, 2SLS using LPM is appropriate for this study. 

To qualify for WIC benefits, the eligible family income must be equal to or less than 185% 

of the FPL. However, if people participate in Temporary Assistance for Needy Families 

(TANF), SNAP, or Medicaid, they are automatically eligible for WIC even if their incomes 

exceed 185% of the FPL (Carlson & Neuberger, 2017). Although the federal income 

eligibility level for Medicaid is 133% of the FPL, with Medicaid expansion states can 

elevate the income thresholds up to 300% of the FPL (Sommers & Rosenbaum, 2011; 

CMCS, 2019). Therefore, there is not a clear cut-off income threshold to determine WIC 

eligibility. We performed the primary analysis with 230% of the FPL as the income 

eligibility cutoff point, which is in line with other low-income mother and infant studies 

(Dague, 2014; Leung et al., 2014), but conducted a robustness check using 185%, 200%, and 

215% of the FPL, as well.

The full analytical sample included a total of 92,335 children who were born in the years 

from 2005 to 2014 into households with income below or equal to 230% of the FPL. We 

first conducted the descriptive analyses, then fit 2SLS models with the IVs in the whole 

sample. We then stratified the samples by gender and race/ethnicity and ran the models 

separately, because the relationship between WIC participation and breastfeeding may vary 

in different gender and racial/ethnic groups (Hurley et al., 2008; Sparks, 2011; Langellier et 

al., 2012; Metallinos-Katsaras et al., 2015). We compared the ordinary least square (OLS) 

estimates with the 2SLS estimates models. To better demonstrate the magnitude of the effect 

size, we estimated percentage change of breastfeeding probability due to one percent change 

in WIC participation probability at the mean of breastfeeding and WIC participation 

distributions.
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To examine the validity of the IVs, we conducted the under-identification test, weak 

instrument test, and over-identification test. First, we formally assessed the relevance of the 

instruments by conducting an under-identification test based on the Kleibergen-Paap rank 

LM statistic (Kleibergen & Paap, 2006; Baum et al., 2007). The null hypothesis was that the 

model was under-identified, i.e., the instruments were not significantly correlated with the 

endogenous variable. Second, we checked whether the instruments were weak instruments, 

meaning the instruments were only weakly correlated with the endogenous variable. Stock-

Yogo weak identification tests were conducted to further assess the strength of correlation 

between the instruments and the endogenous variables (Stock & Yogo, 2005). Finally, we 

tested the exogeneity of the instruments, i.e., the instruments were uncorrelated with the 

error process. This was assessed through an over-identification test. The null hypothesis was 

that all instruments were uncorrelated with the error term, based on the Sargan test statistic 

(Baum et al., 2007). In the result tables, we used U, W, or O to indicate whether the IVs 

passed the under-identification test, weak instrument test, and over-identification test.

4. Results

4.1. Summary statistics

Table 2 provides summary statistics for WIC-eligible children whose household income was 

equal to or less than 230% of the FPL. The participants and eligible non-participants did not 

differ significantly in gender and age groups, but differed significantly in other socio-

demographics. Compared with eligible non-participants, WIC participants had a higher 

percentage of non-Hispanic black, 19.0% vs. 8.8%, and Hispanic participants, 40.3% vs. 

20.3%, but a lower percentage of non-Hispanic whites, 31.1% vs. 59.6% (P < 0.001). 

Moreover, the participants’ mothers had significantly lower education and were less likely to 

be married (P < 0.001).

4.2. First-stage results

Table 3 reports the first-stage regression results of the IVs for the WIC-eligible children 

(income ≤ 230% of the FPL) and the stratified subgroups by gender or race/ethnicity (See 

the results of the full models in Appendix Tables 2A and 2B.). The coefficients of the three 

instruments, “SNAP enrollment rates (SNAP),” “Square of SNAP enrollment rates 

(SNAP2),” and “SNAP Policy Index,” along with other exogenous variables, e.g., socio-

demographics and state-level policy variables, were used to generate a fitted value of the 

endogenous variable, WIC participation, using OLS.

As shown in Table 3, the coefficient of SNAP was 1.563 (SE = 0.382) in the whole sample 

analysis, indicating that a 1 percentage point increase in the state SNAP enrollment rate was 

associated with about a 1.5 percentage point increase in WIC participation. In the sub-

sample analyses, we observed similar magnitude. The coefficients of SNAP2 were negative, 

which suggested a concave, nonlinear relationship between SNAP enrollment rate and WIC 

participation. The coefficients ranged from −2.554 to −6.578 in different samples. The 

coefficients of the SNAP Policy Index varied from −0.009 to 0.019, which suggests the 

SNAP policy may have varied effects on WIC participation in different socio-demographic 

samples.
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In the first-stage regression, we used the under-identification test and weak instrument test to 

determine the relevance condition of our instruments, i.e., whether the whole set of 

instruments were sufficiently correlated with the endogenous variable, WIC participation. 

As shown in Table 3, the null hypothesis in the under-identification test was rejected in the 

whole sample, girls, non-Hispanic blacks, and other racial/ethnic groups (P < 0.05).

We used the Stock-Yogo approach to assess the possibility of weak instruments (Stock & 

Yogo, 2005). The null hypothesis is that instruments are weak and lead to an asymptotic 

relative bias greater than a certain threshold, e.g., 10% maximal relative bias (relative to the 

bias of OLS). As reported in Table 3, the weak instrument hypothesis was rejected in the 

first-stage regression based on the bias test at a cutoff of 10% maximal IV relative bias level 

in the Stock-Yogo tabulation (Stock & Yogo, 2005) for the entire sample and for girls. This 

means that the relative bias of the IV estimates with respect to OLS will be no more than 

10% of the bias of OLS, indicating a sufficiently strong IV in these samples. As a robustness 

check, we tested the TANF enrollment rate and CHIP enrollment rate as alternative IVs, but 

neither candidate passed under-identification tests or weak instrument tests (results not 

shown).

4.3. Second-stage results

Table 4 lists the regression results of OLS estimation and second-stage IV model estimates 

with the under-identification test, weak instrument test, and over-identification test. The 

results from under-identification tests and weak instrument tests at the second-stage 

regression were the same as those from the first-stage regression. Over-identification tests 

were conducted based on the 2SLS estimates, which helps assess the exogeneity of our 

instruments, i.e., that the instruments are not correlated with the outcome variable of interest. 

The null hypothesis of the over-identification test is that the instruments are exogenous. As 

Table 4 reports, we could not reject the null that our instruments are exogenous in the whole 

sample and all sub-sample stratified analyses, which suggests the validity of the IV. 

Additional results with different income cut-off points are presented in Appendix Tables 3A, 

3B, and 3C.

The coefficients of WIC participation from the OLS and 2SLS (Table 4) represent the effect 

of WIC participation on the probability of breastfeeding. On the population level, it is 

equivalent to the effect of the WIC participation rate on the prevalence of breastfeeding. As 

Table 4 shows, OLS estimates suggested that WIC participation was negatively associated 

with breastfeeding probability. For example, in the whole sample analysis, the estimate 

suggested that a one percent point increase in the WIC participation rate was associated with 

a 0.064 percent point decrease in the breastfeeding prevalence. If we compare the OLS 

estimates with the IV estimates, we can see that the IV estimates either became positive or 

their magnitudes increased. This is known as the attenuation bias in OLS estimates due to 

endogeneity (Wooldridge, 2010). The plausible explanation is that there are unobservable 

characteristics that are correlated with the endogenous variable, WIC participation, therefore 

the OLS estimates are biased (Wooldridge, 2010).

In addition, we estimated percentage change of breastfeeding probability due to a one 

percentage change in WIC participation probability at the mean of breastfeeding and WIC 
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participation distributions (e.g., Jaffe, 1989). Such an effect estimate was reported as an 

elasticity estimate (at the mean of breastfeeding probability) in Table 4, which was obtained 

from the marginal effect estimates, the means of the breastfeeding, and the means of WIC 

participation. The magnitude of these elasticity estimates ranged from 0.014 (the whole 

sample) to 0.118 (non-Hispanic black), indicating that a 1% increase in WIC participation 

rate at the mean was associated with about 0.014% to 0.118% change in breastfeeding rates 

(the direction depends on the sign).

However, we should not overinterpret the magnitude of the estimates and should notice that 

OLS estimates of WIC participation effects were statistically significant, but the 

corresponding 2SLS estimates became statistically non-significant. This pattern is consistent 

in the whole sample and sub-sample analyses, in which OLS estimates suggested a 

statistically significant negative association between WIC participation and breastfeeding 

(e.g., boys: Coeff. = −0.072, P < 0.001), while IV estimates suggested that WIC 

participation was not significantly associated with breastfeeding probability in all groups, 

except in Hispanics (Coeff. = 0.614, P = 0.034).

In summary, the significantly negative relationship between WIC participation and 

breastfeeding can be caused by selection bias, and the results of this finding were robust 

across gender or racial/ethnic groups with extensive model checking.

4.4. Robustness checks

We conducted the robustness check using the sample of children whose family income was 

at or below 185%, 200%, and 215% of the FPL (Appendix Tables 3A, 3B, and 3C). As in 

the primary models, the OLS estimates were significantly negative in all groups, except in 

Hispanics (≤ 200% of the FPL) and in Hispanics and others (≤ 185% of the FPL), indicating 

that WIC participation was negatively associated with ever-breastfeeding in most gender and 

racial/ethnic groups without controlling for endogeneity. With the IV approach, no models 

generated any significantly negative coefficients of WIC participation across gender and 

racial/ethnic groups, regardless of the income-cutoff points. Our IVs performed reasonably 

well in some samples, e.g., the whole sample and girls, and the generalizability of our 

estimates are not specific to certain income thresholds.

5. Policy Implication

Encouraging breastfeeding is one of the most important missions for WIC. However, due to 

the availability of formula in the food package, the relationship of WIC participation and 

breastfeeding has been uncertain. The question is critical for policy makers and researchers 

to understand, but its answer remains inconclusive given the existence of endogeneity issues 

in WIC participation. The existing national studies have had the limitation of small sample 

size, and only one of them (Li et al., 2019) has included any data after the 2009 WIC 

revision, which was the most important WIC policy change in four decades (Jiang et al., 

2010; Martin-Anderson et al., 2013; Bullinger et al., 2016; Gregory et al., 2016; Topolyan & 

Xu, 2017; Li et al., 2019).
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To fill in this significant knowledge gap, this study included 92,335 children from the NIS 

data, the official data used for the National Breastfeeding Report. We applied the IV 

approach to examine the relationship between WIC participation and breastfeeding in the 

post-2009 WIC revision. The results not only confirmed the lower ever-breastfeeding 

prevalence among WIC participants compared with non-WIC participants, as in our previous 

study (Zhang et al., 2019), but also indicated that the worse breastfeeding outcomes can be 

related to the self-selection bias in WIC participation. Moreover, with alternative model 

specifications, the relationship between WIC participation and breastfeeding can turn from 

significantly negative to statistically no different from zero. One earlier study used different 

nationally representative data (NHANES) with an alternative method (propensity score) of 

controlling for the endogeneity of the WIC participation, but found similar results: WIC 

participation was not significantly negatively related to ever-breastfeeding after the 2009 

WIC revision (Li et al., 2019). Therefore, this study adds more conclusive evidence to a 

long-term debate on the relationship between WIC participation and breastfeeding. Our 

results support the neutrality of the WIC program in ever-breastfeeding after controlling for 

self-selection bias, which is important for policy makers and researchers to know.

The self-selection bias identified in this study echoes the literature stating that economic 

incentives can influence mothers’ feeding choices and decisions, especially among low-

income mothers (Phelps, 2011; Fornasaro-Donahue et al., 2014). However, weighing the 

benefits of formula or breastfeeding may be influenced by other WIC program factors as 

well (Jensen, 2012). For example, since WIC is federally funded but operated at the state 

level, there are variations in the food benefits provided. Varying food costs across states and 

non-formula food products included in the benefit packages at the state level can influence 

the participants’ redemption preference and behaviors (Zhang et al., 2017). All these state 

variations can influence WIC mothers’ perceptions and decisions about breastfeeding 

initiation and duration (Jensen, 2012). The process of controlling for self-selection in WIC 

participation needs to consider these state variations.

Our study suggests a new route to identify an IV for WIC participation. Although the IV 

method is a valid approach to address endogeneity, existing literature has rarely used any 

IVs to account for the endogeneity of WIC participation in studying the relationship with 

breastfeeding (Bullinger et al., 2016). The state SNAP enrollment rate and SNAP policy 

indices reflect the welfare policy and program operation in that state, which is likely to 

influence WIC participation, although the state SNAP characteristics do not have a direct 

impact on breastfeeding (Ganong & Liebman, 2018). By controlling multiple state-level 

policy variables, our results reflect the national average relationship between WIC 

participation and breastfeeding while controlling for state variation and endogeneity. The 

stratified analyses indicated that the IV model may fit some socio-demographic groups 

better than others. For example, the IV approach was more robust in girls and in non-

Hispanic black children.

A few limitations of the study are worth noting. First, given the survey method, we could 

only target a specific age range (19m-35m) in this study, and we were unable to know 

exactly when mothers participated in the program, which could affect their breastfeeding 

decisions. Moreover, the public-use data does not have the exact birth year, so we could only 
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use the age group to infer the birth cohorts. This approach works well to infer the ever-

breastfeeding status but does not work for the other breastfeeding statuses. Therefore, we 

can only use the one breastfeeding outcome, although this is the most-used breastfeeding 

indicator in most breastfeeding reports and studies. Another limitation of the NIS data is that 

we could not fully measure the impact of the WIC program on individual breastfeeding 

status. For example, based on the participants’ self-reported breastfeeding status, WIC 

agencies certify the participants to receive specific packages (fully breastfeeding, partial 

breastfeeding, and formula feeding). Therefore, the choice of the package depends on the 

self-reported breastfeeding status, and the expectation of receiving certain packages (e.g., 

formula) may distort participants’ reporting on breastfeeding status (Jensen, 2012). 

However, the NIS does not provide specific package information. Except for package 

differences, WIC provides comprehensive breastfeeding support programs, which were also 

not reported in the NIS data (USDA, 2020g). To the best of our knowledge, no national data 

has that level of detailed information, so we can only acknowledge this as a limitation. 

Finally, we used the state SNAP policy variable as the candidate for the IV, which could 

itself depend on other exogeneous variables. But little research has been conducted to 

examine how these exogeneous variables may affect the breastfeeding outcomes of WIC-

eligible participants. Even with these limitations, this study still generates important and 

conclusive results for WIC policy makers and researchers in the field.

6. Conclusion

This study used a large nationally representative data set and valid IVs to examine the 

relationship between WIC participation and breastfeeding among low-income children born 

in 2005–2014. The results have important policy implications: First, the study confirms the 

neutrality of the WIC program on participants’ breastfeeding outcomes at the national level 

across a long study period. It is important for policy makers and the WIC agencies to be able 

to respond to potential challenges to the formula availability policy, since at least the WIC 

program does not worsen breastfeeding outcomes, as our results indicated. Second, self-

selection bias appears to be a strong factor for participation in WIC, which could be a 

potential target for intervention in the future. In addition to traditional health education, 

other innovative methods like behavioral economics can be employed to nudge the preset 

attitude towards WIC and therefore improve attitudes toward breastfeeding among these 

participants (Hansen, 2016). Last but not least, even when controlling the self-selection bias, 

breastfeeding disparities across gender and race/ethnicity still exist. Therefore, more 

research is needed to understand these disparities so effective policies can be adopted to 

reduce them.
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Appendix B:: Ideal vs. Practical Strategy to Identify Instrumental Variable 

for WIC Participation

The ideal IV may only affect WIC participation but not affect the breastfeeding outcome. 

However, as pointed out in this paper, the ideal IV may not be realistic to measure. We tested 

the SNAP policy index only, which was promising conceptually, but the results indicated 

that none of the policy index passed the identification tests (see Appendix Table 4). 

Therefore, the state SNAP enrollment rate + SNAP policy index serve as a practical choice 

of IV identification. One limitation is that the SNAP enrollment rate may depend on other 

factors, such as unemployment rate, which may or may not affect the WIC-eligible 

population’s breastfeeding outcome. Without conclusive evidence in the literature, it is 

challenging to invalidate the SNAP enrollment rate as a possible IV.

Moreover, given the systematic thinking, any possible IV candidate may be dependent on 

some other variables. Without a clear boundary, researchers can fall into the “salami slicing 

dilemma” that identifies one variable after another variable that may be related to 

breastfeeding. Without knowing where to stop the salami slicing, we may conclude that all 

“exogenous” IVs may be endogenous eventually. This paper proposes the state SNAP 

enrollment rate not as an ideal IV for WIC participation, but a practical IV as a starting point 

of a long journey to identify better IVs for WIC participation. Given no valid IV in this field, 

our solution provides a breakthrough for researchers to think about alternative strategies to 

identify the IVs for WIC participation.

Appendix Table 1.: Factors associated with WIC vs. SNAP participation 

across the levels of the social–ecological model.

SNAP Factors (Pinard 
et al., 2017)

SNAP 
References 
(Pinard et 

al., 2017) (+/
−)

WIC Factors WIC 
(+/−)

WIC References

Macrolevel 
Approaches

Society level Higher unemployment 
and poverty rates

+ Higher 
unemployment and 
poverty rates

+ Bitler et al, 2003; 
Carlson et al., 2017

Strong economy − Strong economy − Carlson et al., 2017

Federal/state 
policy level

Broad-based categorical 
eligibility standards

+ N/A

Align SNAP policy 
with TANF and 
Medicaid

+ Adjunct eligibility for 
participants in SNAP, 
Medicaid, TANF

+ Carlson et al., 2017

Simplified enrollment 
and reporting

+ Difficult paperwork − NASEM, 2017

Shorter recertification 
periods

+ Shorter recertification 
period

+ Ver Ploeg et al., 
2003

Lengthier application − Long waiting time − NASEM, 2017

Stricter verification and 
recertification

− Unknown
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SNAP Factors (Pinard 
et al., 2017)

SNAP 
References 
(Pinard et 

al., 2017) (+/
−)

WIC Factors WIC 
(+/−)

WIC References

Community/
organizational 
level

Greater availability of 
state assistance offices

+ Local WIC agencies 
per 100 residents

+/− Bitler et al., 2003

Increased outreach + Program outreach +/− Ku, 1989;Lanese et 
al.,2018

High housing and 
utility costs

+ Unknown

Lack of transportation − NASEM, 2017

Enhancing customer 
services for 
participants

+ Christie et al., 
2006; NASEM, 
2017

Microlevel 
Approaches

Household 
level

Single parent + Married − Jensen, 2012

Increased number of 
children in a household

+ Increased number of 
children in a 
household

+ Kahler et al., 1992

Higher incomes and 
available assets

− Income level increase − Gilbert et al., 2014

Individual level Persons with disability + Unknown

Receiving other federal 
assistance benefits

+ Receiving other 
federal assistance 
benefits

+/− Bitler et al., 2003; 
Gilbert et al., 2014

Lower levels of 
education

+ Lower levels of 
education

+ Smith, 2016

Job loss + Job loss + Smith, 2016

Age, in particular the 
elderly

− Increasing maternal 
age

− Gilbert et al., 2014

Race/ethnicity, in 
particular Hispanic

− Race/ethnicity 
(Hispanic & Black)

+ Liu and Liu, 2016

Perceived stigma − Perceived stigma − Powell, 2015

Working full-time 
during nontraditional 
hours

− Unknown

Working more than one 
job

− Unknown

Lack of knowledge, 
motivation, or 
confidence in how to 
apply

− Lack of knowledge − Gilbert et al., 2014; 
NASEM, 2017

Citizenship status (lack) − Citizenship status 
(lack) / Immigrants

− Vargas and Pirog, 
2016

Mothers reporting 
unplanned 
pregnancies

− Liu and Liu, 2016

Note 1: SNAP indicates Supplemental Nutrition Assistance Program; TANF, Temporary Assistance for Needy Families; 
WIC, Special Supplemental Nutrition Program for Women, Infants, and Children.

Note 2: The direction of the relationship is described by +/− with +: related to an increase in SNAP or WIC participation 
and −: related to a decrease in SNAP or WIC participation.

Zhang et al. Page 16

Food Policy. Author manuscript; available in PMC 2022 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Appendix Table 2A.: First-stage Estimates of Two-stage Least Square IV 

Estimation (Full Model) of WIC Participation in a WIC-eligible Population 

(Income ≤ 230% of the FPL, model results of all sample and by gender 

group) †(Dependent Variable WIC participation)

By Gender

Variables All Boy Girl

Coeff. S. E P-value Coeff. S. E P-value Coeff. S. E P-value

SNAP 1.563 0.382 < 0.001 0.754 0.488 0.124 2.410 0.543 < 0.001

SNAP2 −4.513 1.221 < 0.001 −2.554 1.504 0.091 −6.578 1.591 < 0.001

SNAP policy index 0.006 0.005 0.266 0.017 0.007 0.010 −0.006 0.007 0.411

Number of Household 
Members −0.005 0.001 < 0.001 −0.005 0.002 0.005 −0.005 0.002 0.002

Gender of Child

Boys Ref Ref Ref - - - - - -

Girls < 0.001 0.003 0.979 - - - - - -

Race/Ethnicity

Non-Hispanic White Ref Ref Ref Ref Ref Ref Ref Ref Ref

Non-Hispanic Black 0.136 0.006 < 0.001 0.133 0.007 < 0.001 0.140 0.008 < 0.001

Non-Hispanic Black 0.109 0.008 < 0.001 0.106 0.009 < 0.001 0.113 0.012 < 0.001

Other 0.068 0.007 < 0.001 0.063 0.011 < 0.001 0.073 0.010 < 0.001

Maternal Education

< High School Ref Ref Ref Ref Ref Ref Ref Ref Ref

High School/GED −0.023 0.004 < 0.001 −0.010 0.007 0.150 −0.036 0.006 < 0.001

Non-college graduate −0.064 0.005 < 0.001 −0.053 0.007 < 0.001 −0.075 0.007 < 0.001

College graduate −0.268 0.010 < 0.001 −0.264 0.011 < 0.001 −0.271 0.014 < 0.001

Age Group

19–23m Ref Ref Ref Ref Ref Ref Ref Ref Ref

24–29m < 0.001 0.004 0.866 0.004 0.006 0.419 −0.003 0.006 0.565

30–35m −0.005 0.004 0.183 −0.003 0.006 0.643 −0.008 0.006 0.174

Age of Mother

≥ 30 years −0.061 0.005 < 0.001 −0.054 0.005 < 0.001 −0.068 0.007 < 0.001

< 30 years Ref Ref Ref Ref Ref Ref Ref Ref Ref

Marital Status of Mother

Married Ref Ref Ref Ref Ref Ref Ref Ref Ref

Non-married 0.102 0.005 < 0.001 0.107 0.007 < 0.001 0.097 0.007 < 0.001

Interview Language

English Ref Ref Ref Ref Ref Ref Ref Ref Ref

Spanish 0.072 0.008 < 0.001 0.078 0.008 < 0.001 0.065 0.013 < 0.001

Other language 0.028 0.015 0.068 0.021 0.020 0.298 0.034 0.018 0.060

Birth Year −0.003 0.001 0.021 −0.004 0.002 0.090 −0.003 0.002 0.194

Unemployment Rate 0.002 0.001 0.123 0.003 0.002 0.236 0.002 0.001 0.267

TANF Enrollment Rate −0.878 0.621 0.159 −1.404 0.933 0.134 −0.323 0.744 0.664
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By Gender

Variables All Boy Girl

Coeff. S. E P-value Coeff. S. E P-value Coeff. S. E P-value

CHIP Enrollment Rate −0.135 0.127 0.292 0.055 0.150 0.714 −0.331 0.192 0.086

_cons 0.731 0.061 < 0.001 0.664 0.069 < 0.001 0.800 0.065 < 0.001

R2 0.161 0.162 0.164

Identification test
‡

UW UW

†
Controlling state dummy (the results of State variables were not included in this table), sex, race/ethnicity, education, 

child’s age, maternal age, maternal marital status, number of people in the household, interview language, birth year, TANF 
enrollment rate (# of enrolled participants/# of state population), CHIP/Children’s Health Insurance Program enrollment 
rate (# of enrolled children/# of children 18 or under in the state), and state unemployment rate. IV Variables including 
SNAP enrollment rates (SNAP, # of SNAP participants in that year/# of state population in that year), square of SNAP 
enrollment rates (SNAP2), and SNAP policy index.
‡
U means the under-identification test P < 0.05. Stock–Yogo tabulations based on the Cragg–Donald statistic were used for 

the weak identification test; W means the F statistic of the weak identification test > 10% maximal IV relative bias or > 
10% maximal IV size.

Appendix Table 2B:: First-stage Estimates of Two-stage Least Square IV 

Estimation (Full Model) of WIC Participation on Breastfeeding Practice in a 

WIC-eligible Population (Income ≤ 230% of the FPL, model results of by 

race group) †

By race/ethnicity

Non-H White Non-H Black Hispanic Other

Variables Coeff. S. E P-
value Coeff. S. E P-

value Coeff. S. E P-
value Coeff. S. E P-

value

SNAP 1.054 0.572 0.066 1.756 0.620 0.005 1.322 0.769 0.087 3.019 1.072 0.005

SNAP2 −2.984 1.783 0.096 −5.784 1.781 0.001 −4.330 2.218 0.052 −6.133 3.289 0.064

SNAP policy 
index −0.009 0.010 0.353 −0.006 0.009 0.527 0.019 0.007 0.009 0.011 0.016 0.499

Number of 
Household 
Members

−0.008 0.002 < 
0.001 −0.003 0.003 0.312 < 

0.001 0.003 0.775 −0.002 0.003 0.489

Gender of 
Child

Boys Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref

Girls −0.005 0.006 0.362 −0.001 0.007 0.860 0.004 0.005 0.456 0.006 0.014 0.662

Maternal 
Education

< High School Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref

High 
School/GED −0.030 0.012 0.009 −0.011 0.009 0.244 −0.020 0.006 0.001 −0.026 0.014 0.054

Non-college

Graduate −0.077 0.011 < 
0.001 −0.031 0.013 0.016 −0.061 0.008 < 

0.001 −0.063 0.015 < 
0.001
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By race/ethnicity

Non-H White Non-H Black Hispanic Other

Variables Coeff. S. E P-
value Coeff. S. E P-

value Coeff. S. E P-
value Coeff. S. E P-

value

College 
graduate −0.313 0.014 < 

0.001 −0.145 0.020 < 
0.001 −0.192 0.016 < 

0.001 −0.261 0.022 < 
0.001

Age Group

19–23m Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref

24–29m −0.003 0.008 0.714 0.009 0.010 0.382 −0.001 0.006 0.828 0.003 0.014 0.825

30–35m −0.010 0.008 0.215 −0.003 0.009 0.706 −0.004 0.006 0.470 −0.005 0.015 0.761

Age of Mother

≥ 30 years −0.111 0.007 < 
0.001 −0.027 0.006 < 

0.001 −0.022 0.005 < 
0.001 −0.087 0.015 < 

0.001

< 30 years Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref

Marital Status 
of Mother

Married Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref

Non-married 0.165 0.007 < 
0.001 0.067 0.009 < 

0.001 0.051 0.006 < 
0.001 0.123 0.016 < 

0.001

Interview 
Language

English Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref

Spanish 0.123 0.045 0.007 −0.015 0.071 0.828 0.062 0.007 < 
0.001 −0.022 0.069 0.750

Other Language 0.101 0.039 0.010 0.030 0.026 0.247 −0.033 0.065 0.609 0.015 0.025 0.542

Birth Year −0.001 0.003 0.912 −0.002 0.003 0.577 −0.005 0.003 0.095 −0.012 0.004 0.002

Unemployment 
Rate 0.010 0.002 < 

0.001 −0.001 0.002 0.974 < 
0.001 0.002 0.990 −0.006 0.005 0.231

TANF 
Enrollment 
Rate

0.131 1.085 0.904 −1.568 1.108 0.159 −1.249 1.048 0.235 −2.309 1.942 0.236

CHIP 
Enrollment 
Rate

−0.490 0.169 0.004 −0.252 0.260 0.334 −0.012 0.133 0.929 0.480 0.332 0.150

_cons 0.964 0.092 < 
0.001 0.923 0.074 < 

0.001 0.681 0.089 < 
0.001 0.681 0.127 < 

0.001

R2 0.170 0.059 0.066 0.138

Identification 
test

‡ U U

†
Controlling state dummy (the results of State variables were not included in this table), sex, race/ethnicity, education, 

child’s age, maternal age, maternal marital status, number of people in the household, interview language, birth year, TANF 
enrollment rate (# of enrolled participants/# of state population), CHIP/Children’s Health Insurance Program enrollment 
rate (# of enrolled children/# of children 18 or under in the state), and state unemployment rate. IV Variables including 
SNAP enrollment rates (SNAP, # of SNAP participants in that year/# of state population in that year), square of SNAP 
enrollment rates (SNAP2), and SNAP policy index.
‡
U means the under-identification test P < 0.05. Stock–Yogo tabulations based on the Cragg–Donald statistic were used for 

the weak identification test; W means the F statistic of the weak identification test > 10% maximal IV relative bias or > 
10% maximal IV size.
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Appendix Table 3A.: Robustness Check of the WIC Participation Status on 

Breastfeeding among NIS Children with Household Income ≤ 185% of the 

FPL†

OLS IV: SNAP+ SNAP2+SNAP policy index

Variables Coeff. of WIC 
participation

S. E P-value Coeff. of WIC 
participation

S. E P-value Identification 
test

‡
-

ALL −0.063 0.008 < 0.001 −0.039 0.322 0.902 O

Boy −0.069 0.010 < 0.001 0.347 0.402 0.388 O

Girl −0.059 0.011 < 0.001 −0.302 0.512 0.556 UWO

Non-H 
White −0.091 0.010 < 0.001 0.680 1.089 0.533 O

Non-H Black −0.052 0.021 0.015 0.675 0.811 0.405 UO

Hispanic −0.024 0.014 0.087 0.543 0.283 0.055 O

Other −0.038 0.020 0.061 −0.211 0.420 0.616 UWO

†
Controlling state dummy, sex, race/ethnicity, education, child’s age, maternal age, maternal marital status, number of 

people in the household, interview language, birth year, TANF/Temporary Assistance for Needy Families enrollment rate (# 
of enrolled participants/# of state population), CHIP/Children’s Health Insurance Program enrollment rate (# of enrolled 
children/# of children 18 or under in the state), and state unemployment rate. IV Variables including SNAP enrollment rates 
(SNAP, # of SNAP participants in that year/# of state population in that year), square of SNAP enrollment rates (SNAP2), 
and SNAP policy index.
‡
U means the under-identification test P < 0.05. Stock–Yogo tabulations based on the Cragg–Donald statistic were used for 

the weak identification test; W means the F statistic of the weak identification test > 10% maximal IV relative bias or > 
10% maximal IV size. O means over-identification test > 0.05.(O could not be tested in the first stage).

Appendix Table 3B.: Robustness Check of the WIC Participation Status on 

Breastfeeding among NIS Children with Household Income ≤ 200% of the 

FPL†

OLS IV: SNAP+ SNAP2+SNAP policy index

Variables
Coeff. of WIC 
participation S. E P-value

Coeff. of WIC 
participation S. E P-value

Identification 
test

‡

ALL −0.064 0.007 < 0.001 −0.102 0.335 0.761 UWO

Boy −0.071 0.010 < 0.001 0.262 0.373 0.482 O

Girl −0.059 0.009 < 0.001 −0.259 0.425 0.542 UWO

Non-H 
White −0.092 0.009 < 0.001 −0.361 0.724 0.618 O

Non-H Black −0.063 0.021 0.003 0.364 0.672 0.588 UO

Hispanic −0.021 0.012 0.077 0.547 0.309 0.077 O

Other −0.037 0.018 0.040 −0.069 0.424 0.871 UWO

†
Controlling state dummy, sex, race/ethnicity, education, child’s age, maternal age, maternal marital status, number of 

people in the household, interview language, birth year, TANF/Temporary Assistance for Needy Families enrollment rate (# 
of enrolled participants/# of state population), CHIP/Children’s Health Insurance Program enrollment rate (# of enrolled 
children/# of children 18 or under in the state), and state unemployment rate. IV Variables including SNAP enrollment rates 
(SNAP, # of SNAP participants in that year/# of state population in that year), square of SNAP enrollment rates (SNAP2), 
and SNAP policy index.
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‡
U means the under-identification test P < 0.05. Stock–Yogo tabulations based on the Cragg–Donald statistic were used for 

the weak identification test: W means the F statistic of the weak identification test > 10% maximal IV relative bias or > 
10% maximal IV size. O means over-identification test > 0.05. (O could not be tested in the first stage).

Appendix Table 3C.: Robustness Check of the WIC Participation Status on 

Breastfeeding among NIS Children with Household Income ≤ 215% of the 

FPL†

OLS IV: SNAP+ SNAP2+SNAP policy index

Variables
Coeff. of WIC 
participation S.E P-value

Coeff. of WIC 
participation S.E P-value

Identification 
test

‡

ALL −0.064 0.007 < 0.001 0.018 0.318 0.956 UWO

Boy −0.072 0.009 < 0.001 0.374 0.386 0.332 O

Girl −0.057 0.009 < 0.001 −0.266 0.443 0.549 UWO

Non-H 
White −0.087 0.008 < 0.001 −0.403 0.925 0.663 O

Non-H Black −0.069 0.019 <0.001 0.365 0.659 0.580 UO

Hispanic −0.025 0.012 0.030 0.590 0.287 0.040 O

Other −0.035 0.017 0.047 −0.108 0.458 0.814 UO

†
Controlling state dummy, sex, race/ethnicity, education, child’s age, maternal age, maternal marital status, number of 

people in the household, interview language, birth year, TANF/Temporary Assistance for Needy Families enrollment rate (# 
of enrolled participants/# of state population), CHIP/Children’s Health Insurance Program enrollment rate (# of enrolled 
children/# of children 18 or under in the state), and state unemployment rate. IV Variables including SNAP enrollment rates 
(SNAP, # of SNAP participants in that year/# of state population in that year), square of SNAP enrollment rates (SNAP2), 
and SNAP policy index.
‡
U means the under-identification test P < 0.05. Stock–Yogo tabulations based on the Cragg–Donald statistic were used for 

the weak identification test; W means the F statistic of the weak identification test > 10% maximal IV relative bias or > 
10% maximal IV size. O means over-identification test > 0.05. (O could not be tested in the first stage).

Appendix Table 4.: IV Test Results (IV Variables Including SNAP Policy 

Index Only) †

First-stage Second-stage

IV Test 
Results (U: 

Under-
identification 

Test W: 
Weak 

Instrument 
Test O: 
Over-

identification 
Test)

‡

Variables

1st Stage 
Regression 
Coeff. SE

P-
value R2

U-
Stat

P-
value

W-
stat

10% 
Cutoff 
Point O-stat

P-
value

SNAP 
Policy Index 0.010 0.006 0.101 0.161 1.89 0.17 15.20 16.38 NA NA

Eligibility 0.011 0.006 0.063 0.161 3.38 0.07 9.71 16.38 NA NA

Transaction 0.043 0.022 0.050 0.161 2.18 0.14 26.20 16.38 NA NA

Stigma 0.001 0.014 0.942 0.161 0.01 0.94 0.04 16.38 NA NA
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First-stage Second-stage

IV Test 
Results (U: 

Under-
identification 

Test W: 
Weak 

Instrument 
Test O: 
Over-

identification 
Test)

‡

Variables

1st Stage 
Regression 
Coeff. SE

P-
value R2

U-
Stat

P-
value

W-
stat

10% 
Cutoff 
Point O-stat

P-
value

Outreach −0.296 0.184 0.109 0.161 2.27 0.13 6.53 16.38 NA NA

Combination 
1 0.161 4.46 0.11 17.90 19.93 0.217 0.642 O

Eligibility 0.011 0.006 0.058

Transaction 0.043 0.021 0.047

Combination 
2 0.161 3.39 0.18 4.86 19.93 0.006 0.939 O

Eligibility 0.011 0.006 0.063

Stigma 0.000 0.014 0.977

Combination 
3 0.161 4.69 0.10 7.35 19.93 0.526 0.468 O

Eligibility 0.011 0.006 0.082

Outreach −0.260 0.185 0.160

Combination 
4 0.161 3.59 0.17 13.45 19.93 0.012 0.912 O

Transaction 0.044 0.021 0.039

Stigma −0.004 0.011 0.694

Combination 
5 0.161 2.74 0.25 15.56 19.93 1.105 0.293 O

Transaction 0.042 0.021 0.046

Outreach −0.258 0.157 0.102

Combination 
6 0.161 2.43 0.30 3.27 19.93 <0.001 0.996 O

Stigma 0.001 0.014 0.967

Outreach −0.296 0.181 0.104

Combination 
7 0.161 5.51 0.14 12.25 9.08 0.277 0.871 O

Eligibility 0.012 0.006 0.055

Transaction 0.044 0.021 0.037

Stigma −0.005 0.011 0.640

Combination 
8 0.161 4.88 0.18 13.14 9.08 1.169 0.557 O

Eligibility 0.011 0.006 0.075

Transaction 0.042 0.021 0.043

Outreach −0.222 0.159 0.165

Combination 
9 0.161 3.87 0.28 10.64 9.08 1.161 0.560 O

Transaction 0.043 0.020 0.036
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First-stage Second-stage

IV Test 
Results (U: 

Under-
identification 

Test W: 
Weak 

Instrument 
Test O: 
Over-

identification 
Test)

‡

Variables

1st Stage 
Regression 
Coeff. SE

P-
value R2

U-
Stat

P-
value

W-
stat

10% 
Cutoff 
Point O-stat

P-
value

Stigma −0.005 0.011 0.674

Outreach −0.260 0.158 0.102

†
Controlling state dummy, sex, race/ethnicity, education, child’s age, maternal age, maternal marital status, number of 

people in the household, interview language, birth year, TANF/Temporary Assistance for Needy Families enrollment rate (# 
of enrolled participants/# of state population), CHIP/Children’s Health Insurance Program enrollment rate (# of enrolled 
children/# of children 18 or under in the state), and state unemployment rate.
‡
U means under-identification test P < 0.05. Stock–Yogo tabulations based on the Cragg–Donald statistic and used for the 

weak identification test; W means the F statistic of the weak identification test > 10% maximal IV relative bias or > 10% 
maximal IV size; O means over-identification test > 0.05.
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Highlights

• New instrumental variable for WIC participation with vigorous testings

• WIC participation not a significant predictor for low breastfeeding with IV

• Large national data with long period to study WIC participation and 

breastfeeding
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Fig. 1. 
The IV Selection and Identification Process
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Table 1.

Studies Addressing Selection Bias of WIC Participation in Breastfeeding

Public 
ation Year

First Author’s 
Last Name Data Study Period

Sample 
Size Approach Results

2005 Bitler Pregnancy Risk Assessment 
Monitoring System (PRAMS) 
(19 states)

1992–1999 60,731 State-year fixed 
effect

+

2010 Jiang Panel Study of Income Dynamics 1997 3,276 Propensity score biased 
negative 
relations hip

2013 Martin-Anderson Infant Feeding Practices Study II 2005–2007 785 WIC duration −

2015 Metallinos-
Katsaras

Massachusetts WIC Program 2001–2009 122,506 WIC duration +

2016 Bullinger Infant Feeding Practices Study II 2005–2007 3,029 IV (state-level 
grocery price index)

−

2016 Gregory Infant Feeding Practices Study II 2005–2007 743 Propensity score no negative

2017 Sonchak South Carolina Birth Certificate 
Data

2004–2013 16,457 Maternal fixed 
effects

no negative

2017 Topolyan Infant Feeding Practices Study II 2005–2007 2,616 WIC duration −

2019 Li National Health and Nutrition 
Examination Survey (NHANES)

2005–2014 4,308 Propensity score −

+/−: Positive/negative relationship between WIC participation and breastfeeding
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Table 2.

Summary Statistics of WIC-Eligible Children in the National Immunization Survey (NIS) Born in 2005–2014 

(Income ≤ 230% of the FPL)

WIC-Eligible Children (N = 
92,335)

WIC-Eligible Participating 
Children (N = 71,757)

WIC-Eligible Non-Participating 
Children (N = 20,578)

Variables

Weighted 
Percentage (%) 

or Mean S. E. (%)

Weighted 
Percentage (%) 

or Mean S. E. (%)

Weighted 
Percentage (%) 

or Mean S. E. (%) P-value†

Gender of Child 0.7

Boys 51.0 0.3 50.9 0.3 51.2 0.6

Girls 49.0 0.3 49.1 0.3 48.8 0.6

Race/Ethnicity < 0.001

Non-Hispanic White 35.9 0.2 31.1 0.3 59.6 0.6

Non-Hispanic Black 17.3 0.2 19.0 0.2 8.8 0.4

Hispanic 36.9 0.3 40.3 0.3 20.3 0.5

Other 9.9 0.2 9.6 0.2 11.3 0.4

Age Group 0.2

19–23m 28.5 0.3 28.6 0.3 28.3 0.5

24–29m 37.1 0.3 37.2 0.3 36.4 0.6

30–35m 34.4 0.3 34.2 0.3 35.3 0.6

Maternal Education < 0.001

< High School 28.0 0.3 31.1 0.3 13.0 0.5

High School/GED 38.0 0.3 39.3 0.3 31.1 0.6

Non-college graduate 23.4 0.2 22.7 0.2 27.1 0.5

College graduate 10.6 0.1 6.9 0.1 28.8 0.5

Age of Mother < 0.001

< 30 years 54.1 0.3 57.2 0.3 39.2 0.6

≥ 30 years 45.9 0.3 42.8 0.3 60.8 0.6

Maternal Marital 
Status < 0.001

Married 48.9 0.3 43.8 0.3 74.2 0.6

Non-married 51.1 0.3 56.2 0.3 25.8 0.6

Interview Language < 0.001

English 76.0 0.3 73.4 0.3 89.1 0.5

Spanish 21.1 0.3 23.8 0.3 7.5 0.4

Other 2.9 0.1 2.8 0.1 3.4 0.3

Number of Household 
Members 4.7 0.01‡ 4.7 0.01‡ 4.8 0.02‡ < 0.001

†
P-value was calculated based on Pearson’s Chi-squared test and T-test between the WIC-Eligible participating children and eligible non-

participants Child.

‡
In this line, the number presents the standard error other than the percentage of standard error.
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