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Abstract
Child malnutrition, including overweight and stunting, is a public health concern that
affects millions of families worldwide causing short- and long-term health, social and economic
inequalities. The global prevalence of child overweight has increased over the past decades in
countries across the economic spectrum. In contrast, the prevalence of child stunting has
decreased globally yet remains the most prevalent form of child malnutrition commonly
affecting children in the most vulnerable conditions in low- and middle-income countries
(LMICs). Global initiatives have been adopted in response to the high burden of child
malnutrition. In order to support these initiatives, researchers have focused on informing
evidence-based, affordable and effective policies and interventions to prevent child malnutrition
mostly within the programmatic timeframe of the first 1,000 days, conception through the first 2
years of life, and beyond. Breastfeeding has been identified as one of the key affordable and
modifiable maternal health behaviors protecting against child malnutrition. However, the
protective effect of breastfeeding on child malnutrition has been discrepant across findings from
LMICs and high-income countries (HICs). These inconsistencies may be due to differential
contextual factors in LMICs and HICs.
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Theoretically grounded in the World Health Organization (WHO) conceptual models on
social determinants of health and childhood stunting, as well as in the Dahlgren and Whitehead
model, and cultural perspectives, the goal of this 3-paper dissertation was to assess the effect of
breastfeeding duration and individual, household and area factors on child malnutrition among
Mexican children aged 0 to 35 months living in México (a LMIC) and in the US (a HIC).
Paper 1, hereon referred to as chapter 2, assessed the association between breastfeeding
duration and child overweight while sequentially controlling for individual, household and area
factors in Mexican children, and also assessed a 2-level mixed-effects logistic model accounting
for households clustered within areas. We curated a subset from the 2012 Mexican National
Health and Nutrition Survey (ENSANUT). We found evidence for an association between
breastfeeding duration and child overweight, and maternal obesity and offspring high birthweight
were consistent risk factors for child overweight across models, suggesting genetic and shared
environment influences.
Paper 2, hereon referred to as chapter 3, used the same subset but incorporated relevant
risk factors for child stunting while using the same analytical approach. We found no evidence
for an association between breastfeeding duration and child stunting. However, children who
were never breastfed were at higher odds for stunting compared to those breastfed <6 months.
Consistent risk factors for child stunting across models were increased child age, being male,
child low birthweight, maternal ethnicity (self-identifying as indigenous), maternal short stature,
higher count of children aged <5 years per household, and household moderate to severe food
insecurity. These findings support the intergenerational effect of early stunting and the burden of
food insecurity, perpetuating the cycle of inequalities.
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Paper 3, hereon referred to as chapter 4, incorporated a binational approach examining
the effects of breastfeeding duration and individual and household factors on child malnutrition
in Mexican-American children, and then compared results with Mexican children by running
separate and pooled analyses. Besides using the ENSANUT 2012 subset, we curated a new
dataset using 4 waves of the 2007-2014 National Health and Nutrition Examination Survey
(NHANES) which provided data for Mexican-American children aged 0 to 35 months.
ENSANUT variables were recoded to match NHANES subset. We found a protective effect of
breastfeeding duration on child overweight among Mexicans and in the pooled dataset. The only
consistent risk factor for child overweight among Mexican and Mexican-Americans was high
birthweight. Regarding child stunting, we found no evidence for an association with
breastfeeding duration but low birthweight was a risk factor across both populations, while being
male and living in moderate to severe food insecure households were risk factors only for
Mexican children. In general, findings from this chapter coincide with previously described
patterns meaning that child stunting was mostly prevalent in LMICs such as México, and that
country of residence and cultural perspectives were relevant when examining child malnutrition
among Mexican immigrants.
Altogether, results advance the knowledge base by providing a comparison of Mexicans
sharing a nurturing system while living in 2 different sustaining systems, a LMIC- and HICcontext. Findings provide evidence for shared risk factors for child malnutrition across Mexicans
in both countries as well as identifying country-specific factors. While we acknowledge that the
cross-sectional design of both surveys, from which we curated our subsets, limit our ability to
infer causality, these results have pertinent policy and intervention implications. Pre- and postnatal culturally-sensitive components in policies and interventions need to be aimed towards
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preventing proximal and distal risk factors for child malnutrition within the first 1,000 days and
beyond, including the promotion and support of positive maternal health behaviors such as
breastfeeding.
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Chapter I. Introduction
Statement of the problem
Child malnutrition is a global public health concern that remains unresolved, contributing to
over one-third of child mortality and causing health, social and economic inequalities with long-term
consequences (Black et al., 2013; Boerma et al., 2018; WHO, 2011). According to anthropometric
indicators, child malnutrition is defined as overweight (including obesity) or stunted (linear growth
failure) (WHO, 2012). The prevalence of child overweight has increased globally in countries across
the economic spectrum in children younger than 5 years of age (4.9% in 1995 versus 5.6% in 2017),
contributing to later-life chronic diseases such as type 2 diabetes (Black et al., 2013; The World Bank,
2019a). In contrast, the prevalence of stunting in the same age bracket has decreased globally (35.6% in
1995 versus 22.2% in 2017), yet remains the most prevalent form of child malnutrition worldwide
affecting a significant number of children mostly in low- and middle-income countries (LMICs) (The
World Bank, 2019b; UNICEF, 2018). In LMICs, child stunting has been strongly associated with laterlife cognitive, developmental, and chronic disorders (de Onis & Branca, 2016). Moreover, the
conundrum in LMICs is the growing prevalence of child overweight paired with a slow decrease in the
prevalence of child stunting (Kroker-Lobos, Pedroza-Tobías, Pedraza, & Rivera, 2014; Rachmi, Agho,
Li, & Baur, 2016). While child overweight and stunting appear to be opposite (i.e., over- and
undernutrition), they share some behavioral and contextual risk factors and may coexist at individualand household-levels (Doak, Adair, Monteiro, & Popkin, 2000; Kroker-Lobos et al., 2014; Rachmi et
al., 2016). Regardless of country income-level or coexistence, child overweight and stunting affect the
health and economic potential of individuals, households and societies across countries.
Researchers have found that exposure to previously identified risk factors mostly within the
first 1,000 days lead to child malnutrition (Stewart, Iannotti, Dewey, Michaelsen, & Onyango, 2013;
Woo Baidal et al., 2016). These scholars, as well as WHO committees, have designed conceptual
1

models identifying behavioral and contextual risk factors for child malnutrition (Blake-Lamb et at.,
2016; Solar & Irwin, 2010). Consistent risk factors for child overweight that have been previously
identified were: high maternal pre-pregnancy body mass index (BMI), prenatal tobacco exposure,
maternal excess gestational weight gain, and high child birthweight; other less consistent associated
risk factors were gestational diabetes, child care attendance, low socioeconomic status (SES), reduced
child sleep, inappropriate bottle use, early introduction of complementary foods, and child antibiotic
exposure (Woo Baidal et al., 2016). In LMICs, the 3 leading risk factors for child stunting were
intrauterine growth restriction (IUGR) (i.e., fetal growth below its intrauterine growth potential
accounting for race and sex (Sharma, Shastri, & Sharma, 2016)), unimproved sanitation, and child
diarrhea (Danaei et al., 2016). Other risk factors for child stunting were maternal undernutrition (prepregnancy/prenatal), short maternal stature, adolescent pregnancy, low birthweight (resulting from
IUGR or other etiologies), preterm birth, short birth spacing, non-innocuous maternal behaviors
towards child feeding (e.g., never breastfeeding, non-exclusive breastfeeding, unsafe preparation and
storage of liquids and foods), household food insecurity, and other area-level factors such as living in
rural settings and marginalization (Stewart et al., 2013).
Given the high burden of child malnutrition worldwide and its short- and long-term associated
consequences, several approaches have been undertaken by international organizations, such as the
United Nations (UN) 2030 agenda for sustainable development. In 2015, the UN General Assembly
along with world leaders from public and private sectors adopted the sustainable development goals
(SDGs) stating that “all people, including all children, will live in a safer, cleaner, more equal and more
prosperous world by the year 2030” (UNICEF, 2019). Among the 17 SDGs and corresponding
strategies, one of these acknowledges the need to reduce persistent inequalities by ending all forms of
child malnutrition by 2030 through effective and affordable interventions (Boerma et al., 2018).
Working accordingly towards this and previous initiatives, researchers have examined affordable and
2

modifiable behaviors mostly within the programmatic timeframe of the first 1,000 days that could lead
to the prevention of child malnutrition.
Breastfeeding has been identified as one of the key affordable and modifiable maternal health
behaviors protecting against child malnutrition (Victora et al., 2016). Furthermore, breastfeeding
provides a myriad of well-documented additional benefits and has been acknowledged as a critical
milestone towards achieving many of the SDGs related to the maternal-child dyad by 2030 (Dieterich,
Felice, O'Sullivan, & Rasmussen, 2013; Victora et al., 2016). The WHO recommends early initiation of
breastfeeding (i.e., within the first hour postpartum), continuing exclusive breastfeeding during the first
6 months, and extending breastfeeding, with appropriate introduction of complementary foods, for up
to 2 years or beyond (WHO, 2012). The prevalence of breastfeeding initiation, exclusive breastfeeding
for 6 months, and other breastfeeding configurations (e.g., any breastfeeding for ≥6 months) vary
significantly across countries (Victora et al., 2016). Worldwide, the aggregate prevalence of exclusive
breastfeeding for 6 months slightly increased in the past decades (38.8% in 2000 versus 40.2% in
2014). In LMICs, which include low-, lower-middle-, and upper-middle-income countries, the
aggregate prevalence also increased (38.7% in 2000 versus 40.4% in 2014), being the highest among
low-income countries (47.4% in 2014) and the lowest among upper-middle-income countries (25.8% in
2014) (The World Bank, 2019c). According to global estimates including over 160 countries across the
economic spectrum, the prevalence of breastfeeding initiation and any breastfeeding for ≥6 months
decreases with increasing national wealth, overall being higher in LMICs (~90.0% and 75.0%,
accordingly) versus HICs (~82.0% and 43.0%, correspondingly) (Victora et al., 2016). In consequence,
breastfeeding has been identified as a positive maternal health behavior that is consistently more
prevalent in LMICs than in HICs, with the exception of exclusive breastfeeding for 6 months.
Most breastfeeding benefits for the maternal-child dyad have been strongly supported by
research worldwide (Chowdhury et al., 2015; Dieterich et al., 2013). However, the protective effect of
3

breastfeeding against child overweight has been discrepant across findings from LMICs and HICs.
Most studies and systematic reviews in HICs have found evidence for a dose-response association
between breastfeeding duration and reduced risk for child overweight (Arenz, Rückerl, Koletzko, &
von Kries, 2004; Dieterich et al., 2013; Harder, Bergmann, Kallischnigg, & Plagemann, 2005;
Hawkins, Cole, & Law, 2009; Lefebvre & John, 2014; Owen, Martin, Whincup, Smith, & Cook, 2005;
Stolzer, 2011; Victora et al., 2016; Wang, Collins, Ratliff, Xie, & Wang, 2017; Yan, Liu, Zhu, Huang,
& Wang, 2014). In contrast, studies in LMICs have not consistently found protective effects of
breastfeeding duration on child overweight (Araújo, Victora, Hallal, & Gigante, 2006; Borges
Neutzling et al., 2009; Novaes, Lamounier, Colosimo, Franceschini, & Priore, 2011). Results seem to
differ according to country income-level. In HICs, few scholars have assessed the protective effect of
breastfeeding on child stunting given that the prevalence of stunting in these countries is low (de Onis
& Branca, 2016). In contrast, some scholars have found evidence for an association between
breastfeeding and reduced child undernutrition, including stunting, in LMICs (García Cruz et al., 2017;
Khan & Islam, 2017; Kuchenbecker et al., 2015; Stewart et al., 2013).
In México, an upper-middle-income country included within the LMICs category, the
prevalence of child overweight was 9.7% in children younger than 5 years of age in 2012, which has
been the highest point estimate over the past few decades (Gutiérrez et al., 2012; The World Bank,
2019d). In contrast, the prevalence of stunting in México has decreased over time (26.9% in 1988
versus 13.6% in 2012), yet remains the most prevalent form of child malnutrition in the country
(Rivera-Dommarco, Cuevas-Nasu, González de Cosío, Shamah-Levy, & García-Feregrino, 2013).
Moreover, stunting disproportionately affects a large number of children in the most vulnerable
conditions (i.e., those living in the southern region which is the poorest area and has the highest
concentration of indigenous population, and in marginalized regions) (Kroker-Lobos et al., 2014).
Overall, the prevalence of breastfeeding initiation and median duration of any breastfeeding remained
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stable from 2006 (90.4%, 10.4 months) to 2012 (93.7%, 10.2 months). However, in 2012, México
registered the lowest prevalence of exclusive breastfeeding for 6 months in the past decades (14.4%),
which was lower than the aggregate prevalence in upper-middle-income countries (25.8% in 2014)
(Gutiérrez et al., 2012; The World Bank, 2019c).
Discerning the role of breastfeeding and individual, household and area factors in LMICs and
HICs is imperative to identify early-life risk and protective factors to prevent child malnutrition. This is
crucial to informing evidence-based, culturally-sensitive, country-specific policies and interventions
that may ultimately contribute to the UN SDGs agenda to end child malnutrition by 2030 (UNICEF,
2019). Therefore, the purpose of this 3-paper dissertation was to assess the effect of breastfeeding
duration and individual, household and area factors on child malnutrition across a LMIC and HIC.
Using secondary data from nationally-representative cross-sectional surveys in México (a LMIC) and
in the US (a HIC), we independently examined and then compared results from Mexican children
living in México and Mexican-American children living in the US at the time of the interview and
examination.
This dissertation was mostly grounded in two WHO conceptual models and in the Dahlgren and
Whitehead model (1991). The WHO model on social determinants of health portrays how distal- (e.g.,
socioeconomic and political contexts which in turn influence socioeconomic position) and proximalfactors (e.g., behaviors and biological factors which in turn are impacted by distal factors) produce
health equity. This model conceptualizes health as a social phenomenon and frames it within a social
justice perspective where health equity is defined as “the absence of unfair and avoidable or remediable
differences in health among social groups” (Solar & Irwin, 2010). Secondly, the WHO model on
childhood stunting, which is influenced by the abovementioned model, depicts how distal factors (e.g.,
community and societal factors) influence proximal factors (e.g., household characteristics and
maternal behaviors) and how these impact childhood linear growth, ultimately producing stunting and
5

its related comorbidities with short- and long-term consequences (Stewart et al., 2013). Lastly,
Dahlgren and Whitehead’s model proposes that biology interacts with individual lifestyle factors,
family, social and community networks, and broader socioeconomic, cultural and environmental
conditions and how all these impact health. Additionally, given the cross-country component in this
dissertation, we incorporated the minorities’ dual and acculturation perspectives, including the
immigrant health paradox (or Hispanic paradox). The minorities’ dual perspective posits that
immigrants (in this case Mexican-Americans) are grounded in two cultural systems: the nurturing
system represents proximal structures (e.g., family) from which individuals experience traditions,
values, beliefs, language among other cultural components; and the sustaining system which represents
the host culture (e.g., political, economic, and educational systems) (Norton, 1978; Rogers, 2016).
Acculturation, broadly defined as “the process by which individuals adapt to a new living environment
and potentially adopt the norms, values, and practices of their new host society” (Abraído-Lanza,
Armbrister, Florez, & Aguirre, 2006) was also an important theoretical piece to understand the
Mexican-American experience. Finally, the immigrant health paradox posits that first generation
minorities (i.e., foreign-born and typically low-acculturated), generally migrating from LMICs to HICs,
have healthier behaviors compared to their native-born counterparts; and as acculturation increases, the
protective effect diminishes (Abraído-Lanza, Echeverría, & Flórez, 2016; Alidu & Grunfeld, 2018;
Luecken, Jewell, & MacKinnon, 2017; Pérez-Escamilla, 2011; Sam & Berry, 2010; Teruya &
Bazargan-Hejazi, 2013; Ward & Geeraert, 2016). While the immigrant health paradox helps explain
some child malnutrition-related risk factors, there are additional cultural perspectives such as the
acculturative stress hypothesis or the salmon bias that help explain other health-related phenomena and
these alternative explanations are briefly discussed in chapter 4 (Goldman et al., 2014; Palloni & Arias,
2004). The cultural perspectives used in chapter 4 provided a framework to understand child
malnutrition among Mexicans and Mexican-Americans.
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By using the abovementioned WHO conceptual models, Dahlgren and Whitehead model and
cultural perspectives, we developed pertinent conceptual frameworks for chapters 2 to 4 which are
presented consecutively in each chapter. For these frameworks, the WHO model on social determinants
of health provided the knowledge base that health is the result of interacting proximal and distal social
factors; the WHO model on stunting applies such knowledge to child malnutrition; and the Dahlgren
and Whitehead model incorporates proximal factors such as biology or lactatcion interacting with
social factors. Consequently, the conceptual frameworks presented in this dissertation describe the
overall approach in which we attempted to explain how breastfeeding and sociodemographic,
anthropometric and health factors relate with the outcome variables (i.e., child overweight and
stunting). We are aware that sociodemographic, anthropometric and health factors are intrinsically
related (as with all social phenomena). Hence, we portray how we think distal and proximal factors
influence the child’s outcomes but do not indicate associations among each one of them nor include a
time-axis of events since we have cross-sectional data and this would go beyond this dissertation’s
objectives. These frameworks allowed to examine risk factors for child malnutrition and then compare
these two populations (i.e., Mexican and Mexican-American children) which share cultural norms and
beliefs from their nurturing system (i.e., source country) yet are exposed to different contexts in their
sustaining systems (residing/host country) (Rogers, 2016).
Data on Mexicans were retrieved from the 2012 Mexican National Health and Nutrition Survey
(ENSANUT for its acronym in Spanish). This is a stratified, multistage nationally-representative crosssectional survey conducted by the National Institute of Public Health (NIPH) in México. Data were
collected on 50,528 households obtained from the Mexican Census (Gutiérrez et al., 2012). Child
feeding data were collected from a subset of randomly selected women, within these households, with
children aged 0 to 35 months at the time of the interview. In this dataset, a subsample of children had
additional information collected on previously identified risk factors for child overweight and stunting
7

(Akombi et al., 2017; Danaei et al., 2016; Hawkins et al., 2009; Keino, Plasqui, Ettyang, & van den
Borne, 2014; Mameli, Mazzantini, & Zuccotti, 2016; Mohseni, Arankhesal, & Kalantri, 2018; Taveras,
2016; Woo Baidal et al., 2016). Therefore, we focused our analysis on this subsample and excluded
children if they had missing or biologically implausible anthropometry data, were cared for by
caregivers or grandmothers, or were multiples (multiples are less likely to be breastfed than singletons
(Whitford, Wallis, Dowswell, West, & Renfrew, 2017; Yokoyama et al., 2006)). Our final subsample
for Mexican nationals included risk factors for child malnutrition on 2,500 singleton children aged 0 to
35 months old.
For Mexican-Americans living in the US, we used the National Health and Nutrition
Examination Survey (NHANES) which is a major program of the National Center for Health Statistics
(NCHS) in the US. This is a stratified, multistage nationally-representative cross-sectional survey
designed to assess the health and nutrition status for adults and children of all races/ethnicities in the
US (NCHS, 2018). The survey examines a sample of around 5,000 individuals each year living in
different counties, including a sample of Mexican-Americans. We pooled 4 waves of continuous
NHANES (i.e., 2007-2008, 2009-2010, 2011-2012, 2013-2014) to garner sufficient sample size of
Mexican-Americans aged 0 to 35 months old and coincide with the 2012 ENSANUT survey. We
applied the same exclusion criteria used in ENSANUT with the exception that we could not ascertain if
children were cared for by caregivers or grandmothers nor identify whether children were from a
multiple birth. Our final NHANES sample included comparable ENSANUT risk factors for child
malnutrition on 879 Mexican-American children aged 0 to 35 months old.
In chapter 2, we assessed the associations between breastfeeding duration, previously identified
risk factors, and child overweight in Mexican children. The outcome variable was child overweight
(defined as weight-for-length/height-z-score (WfL-z), for age and sex, over +2 standard deviations
(SD) of the WHO child growth standards median) (WHO, 2012). The main independent variable was
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breastfeeding defined as never breastfed, any breastfeeding for <6 months, still breastfeeding aged <6
months, and any breastfeeding ≥6 months. We generated a fourth category given that a group of
children aged <6 months were still breastfeeding though were not compatible with the other 3categories and we could not ascertain whether they would reach ≥6 months of breastfeeding and they
had not yet reached 6 months of age. Independent variables included individual (child, maternal),
household, and area factors. Bivariate and multivariate logistic regression models were computed as
well as mixed-effects 2-level multivariate logistic regression model to account for households clustered
within areas-regions.
In chapter 3, we used the same theoretical and analytical approaches, incorporating additional
risk factors for stunting to examine the association between breastfeeding duration and child stunting in
Mexican children. The outcome variable was child stunting (defined as length/height-for-age-z-score
(LfA-z), for sex, under -2 SD of the WHO child growth standards median (WHO, 2012)).
Breastfeeding and all other independent variables remained consistent with the previous chapter, but
additionally incorporated 2 risk factors for stunting. Chapters 2 and 3 allowed identifying risk and
protective factors for child malnutrition in México, the source country from which Mexican-American
immigrants emerged, setting a comparative parameter for chapter 4.
In chapter 4, we incorporated cultural perspectives to examine the effect of breastfeeding
duration and risk factors on child overweight and stunting in Mexican-American children living in the
US with either a foreign-born or US-born household reference person. The outcome variables, child
overweight and stunting, and the main independent variable, breastfeeding duration, were defined as in
the previous chapters. Area factors were not available in the publicly available NHANES datasets and
other household factors were not comparable (e.g., SES indicators). Therefore, we used comparable
data available in both ENSANUT and NHANES datasets. We ran multivariate logistic regression
models independently for Mexican and Mexican-American children adjusting for variables that were
9

available across the 2 datasets. Finally we ran pooled model analyses using both populations in order to
compare results.
The protocol for this 3-paper dissertation was approved by Boston College’s Institutional
Review Board and considered exempt.
Introduction Conclusions
Altogether, this dissertation contributes to the understanding of the effect of breastfeeding
duration and other risk factors on child malnutrition in México and in Mexican-Americans using a
binational approach and pertinent conceptual frameworks. This dissertation helps address the gaps in
the literature by comparing Mexicans in a LMIC and HIC, though being able to examine the effect of
breastfeeding on child malnutrition at a similar point in time across 2 different economic spectrum
countries. It also advances the knowledge base by focusing on previously identified risk factors, but
discerning country-specific risk and protective factors for child malnutrition.
The following chapters present each analysis consecutively and the final chapter provides an
overall discussion of key findings and concludes with future direction for research and pertinent policy
and intervention implications to address child malnutrition.

10

References
Abraído-Lanza, A. F., Armbrister, A. N., Florez, K. R., & Aguirre, A. N. (2006). Toward a theorydriven model of acculturation in public health research. American Journal of Public Health, 96(8),
1342-1346. doi:10.2105/AJPH.2005.064980
Abraído-Lanza, A. F., Echeverría, S. E., & Flórez, K. R. (2016). Latino immigrants, acculturation, and
health: Promising new directions in research. Annual Review of Public Health, 37(1), 219-236.
doi:10.1146/annurev-publhealth-032315-021545
Akombi, B. J., Agho, K. E., Hall, J. J., Merom, D., Astell-Burt, T., & Renzaho, A. M. N. (2017).
Stunting and severe stunting among children under-5 years in nigeria: A multilevel analysis. BMC
Pediatrics, 17(1) doi:10.1186/s12887-016-0770-z
Alidu, L., & Grunfeld, E. A. (2018). A systematic review of acculturation, obesity and health
behaviours among migrants to high-income countries. Psychology & Health, 33(6), 724-745.
doi:10.1080/08870446.2017.1398327
Araújo, C. L., Victora, C. G., Hallal, P. C., & Gigante, D. P. (2006). Breastfeeding and overweight in
childhood: Evidence from the pelotas 1993 birth cohort study. International Journal of Obesity,
30(3), 500-506. doi:10.1038/sj.ijo.0803160
Arenz, S., Rückerl, R., Koletzko, B., & von Kries, R. (2004). Breastfeeding and childhood obesity-a
systematic review. International Journal of Obesity and Related Metabolic Disorders : Journal of
the International Association for the Study of Obesity, 28(10), 1247. Retrieved from
http://www.ncbi.nlm.nih.gov/pubmed/15314625
Bartok, C. J., & Ventura, A. K. (2009). Mechanisms underlying the association between breastfeeding
and obesity. International Journal of Pediatric Obesity, 4(4), 196-204.
doi:10.3109/17477160902763309

11

Black, R. E., Victora, C. G., Walker, S. P., Bhutta, Z. A., Christian, P., de Onis, M., . . . the Maternal
and Child Nutrition Study Group. (2013). Maternal and child undernutrition and overweight in
low-income and middle-income countries. Lancet, 382(9890), 427-451. Retrieved from
http://researchonline.lshtm.ac.uk/1035470/
Blake-Lamb, T. L., Locks, L. M., Perkins, M. E., Woo Baidal, J. A., Cheng, E. R., & Taveras, E. M.
(2016). Interventions for childhood obesity in the first 1,000 days A systematic review. American
Journal of Preventive Medicine, 50(6), 780-789. doi:10.1016/j.amepre.2015.11.010
Boerma, T., Requejo, J., Victora, C. G., Amouzou, A., George, A., Agyepong, I., . . . Zaidi, S. (2018).
Countdown to 2030: Tracking progress towards universal coverage for reproductive, maternal,
newborn, and child health. The Lancet, 391(10129), 1538-1548. doi:10.1016/S01406736(18)30104-1
Borges Neutzling, M., Curi Hallal, P. R., Pavin Araújo, C. L., Lessa Horta, B., Alves Vieira, Maria de
Fátima, Baptista Menezes, A. M., & Victora, C. G. (2009). Child feeding and obesity at 11 years:
Prospective birth cohort study. International Journal of Pediatric Obesity, 4(3), 143-149.
doi:10.1080/17477160802453530
Chowdhury, R., Sinha, B., Sankar, M. J., Taneja, S., Bhandari, N., Rollins, N., . . . Martines, J. (2015).
Breastfeeding and maternal health outcomes: A systematic review and meta-analysis. Acta
Paediatrica, 104(467), 96-113. doi:10.1111/apa.13102
Dahlgren, G., & Whitehead, M. (1991). Policies and strategies to promote social equity in health.
WHO - strategy paper for Europe.
Danaei, G., Andrews, K. G., Sudfeld, C. R., Fink, G., McCoy, D. C., Peet, E., . . . Fawzi, W. W.
(2016). Risk factors for childhood stunting in 137 developing countries: A comparative risk

12

assessment analysis at global, regional, and country levels. PLoS Medicine, 13(11), e1002164.
doi:10.1371/journal.pmed.1002164
de Onis, M., & Branca, F. (2016). Childhood stunting: A global perspective. Maternal & Child
Nutrition, 12(Suppl 1), 12-26. doi:10.1111/mcn.12231
Dieterich, C. M., Felice, J. P., O'Sullivan, E., & Rasmussen, K. M. (2013). Breastfeeding and health
outcomes for the mother-child dyad. Pediatric Clinics of North America, 60(1), 31-48.
doi:10.1016/j.pcl.2012.09.010
Doak, C. M., Adair, L. S., Monteiro, C., & Popkin, B. M. (2000). Overweight and underweight coexist
within households in Brazil, China and Russia. Unites States: American Institute of Nutrition.
doi:10.1093/jn/130.12.2965
García Cruz, L. M., González Azpeitia, G., Reyes Súarez, D., Santana Rodríguez, A., Loro Ferrer, J. F.,
& Serra Majem, L. (2017). Factors associated with stunting among children aged 0 to 59 months
from the central region of Mozambique. Nutrients, 9(491), 1-16. doi:10.3390/nu9050491
Goldman, N., Pebley, A. R., Creighton, M. J., Teruel, G. M., Rubalcava, L. N., & Chung, C. (2014).
The consequences of migration to the United States for short-term changes in the health of
Mexican immigrants. Demography, 51(4), 1159-1173. doi:10.1007/s13524-014-0304-y
Gutiérrez, J. P., Rivera-Dommarco, J., Shamah-Levy, T., Villalpando-Hernandez, S., Franco, A.,
Cuevas-Nasu, L., . . . Hernandez-Avila, M. (2012). Encuesta nacional de salud y nutrición 2012.
Resultados Nacionales. Cuernavaca, México: Instituto Nacional de Salud Pública.
Harder, T., Bergmann, R., Kallischnigg, G., & Plagemann, A. (2005). Duration of breastfeeding and
risk of overweight: A meta-analysis. American Journal of Epidemiology, 162(5), 397-403.
doi:10.1093/aje/kwi222

13

Hawkins, S. S., Cole, T. J., & Law, C. (2009). An ecological systems approach to examining risk
factors for early childhood overweight: Findings from the UK millennium cohort study. Journal of
Epidemiology and Community Health, 63(2), 147-155. doi:10.1136/jech.2008.077917
Keino, S., Plasqui, G., Ettyang, G., & van den Borne, B. (2014). Determinants of stunting and
overweight among young children and adolescents in Sub-Saharan Africa. Food and Nutrition
Bulletin, 35(2), 167-178. doi:10.1177/156482651403500203
Khan, N., & Islam, M. (2017). Effect of exclusive breastfeeding on selected adverse health and
nutritional outcomes: A nationally representative study. BMC Public Health, 17(1), 1-7.
doi:10.1186/s12889-017-4913-4
Kroker-Lobos, M. F., Pedroza-Tobías, A., Pedraza, L. S., & Rivera, J. A. (2014). The double burden of
undernutrition and excess body weight in México. The American Journal of Clinical Nutrition,
100(6), 1658S. doi:10.3945/ajcn.114.083832
Kuchenbecker, J., Jordan, I., Reinbott, A., Herrmann, J., Jeremias, T., Kennedy, G., . . . Krawinkel, M.
B. (2015). Exclusive breastfeeding and its effect on growth of Malawian children: Results from a
cross-sectional study. Paediatrics and International Child Health, 35(1), 14-23.
doi:10.1179/2046905514Y.0000000134
Lefebvre, C. M., & John, R. M. (2014). The effect of breastfeeding on childhood overweight and
obesity: A systematic review of the literature. Journal of the American Association of Nurse
Practitioners, 26(7), 386-401. doi:10.1002/2327-6924.12036
Luecken, L. J., Jewell, S. L., & MacKinnon, D. P. (2017). Maternal acculturation and the growth of
impoverished Mexican American children. Obesity, 25(2), 445-451. doi:10.1002/oby.21743
Mameli, C., Mazzantini, S., & Zuccotti, G. V. (2016). Nutrition in the first 1000 days: The origin of
childhood obesity. International Journal of Environmental Research and Public Health, 13(9),
10.3390/ijerph13090838. doi:10.3390/ijerph13090838 [doi]
14

Mohseni, M., Arankhesal, A., & Kalantri, N. (2018). Prevalence of malnutrition among Iran´s under
five-year-old children and the related factors: A systematic review and meta-analysis. Iran Journal
of Pediatrics, 28(1), 1-9. doi:10.5812/ijp.9189
NCHS. (2018). About the national health and nutrition examination survey. Retrieved from
https://www.cdc.gov/nchs/nhanes/about_nhanes.htm
Norton, D. G. (1978). The dual perspective : Inclusion of ethnic minority content in the social work
curriculum. Unites States
Novaes, J. F., Lamounier, J. A., Colosimo, E. A., Franceschini, S. C. C., & Priore, S. E. (2011).
Breastfeeding and obesity in Brazilian children. European Journal of Public Health, 22(3), 383389. doi:10.1093/eurpub/ckr067
Owen, C. G., Martin, R. M., Whincup, P. H., Smith, G. D., & Cook, D. G. (2005). Effect of child
feeding on the risk of obesity across the life course: A quantitative review of published evidence.
Pediatrics, 115(5), 1367-1377. doi:10.1542/peds.2004-1176
Palloni, A., & Arias, E. (2004). Paradox lost: Explaining the Hispanic adult mortality advantage.
Demography, 41(3), 385-415. doi:10.1353/dem.2004.0024
Pérez-Escamilla, R. (2011). Acculturation, nutrition, and health disparities in Latinos. Unites States:
American Society for Clinical Nutrition, Inc. doi:10.3945/ajcn.110.003467
Rachmi, C. N., Agho, K. E., Li, M., & Baur, L. A. (2016). Stunting, underweight and overweight in
children aged 2.0-4.9 years in Indonesia: Prevalence trends and associated risk factors. PLoS One,
11(5), e0154756. doi:10.1371/journal.pone.0154756
Rivera-Dommarco, J. Á, Cuevas-Nasu, L., González de Cosío, T., Shamah-Levy, T., & GarcíaFeregrino, R. (2013b). Stunting in México in the last quarter century: analysis of four national
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Chapter II. Association between breastfeeding and child overweight in México
Background and Theoretical Framework
The global prevalence of overweight (including obesity) in children younger than 5 years was
7% in 2011 with approximately 74% living in low- and middle-income countries (LMICs), and the
overall prevalence is expected to reach 10% by 2025 (Black et al., 2013). There is strong evidence that
early risk factors within the first 1,000 days (i.e., conception through 2 years of age) and beyond
contribute to developing child overweight and later-life obesity (Mameli, Mazzantini, & Zuccotti,
2016; Woo Baidal et al., 2016). Discerning these underlying biological and non-biological risk factors
may help prevent the onset of child overweight by informing the development of evidence-based
policies and interventions.
Breastfeeding has been associated with positive maternal and child health outcomes
(Chowdhury et al., 2015). The World Health Organization (WHO) recommends exclusive
breastfeeding during the first 6 months and extending breastfeeding, with appropriate introduction
of complementary foods, for up to 2 years or beyond (WHO, 2012). Among breastfeeding benefits,
some studies report a reduction in the risk of child overweight with evidence for a dose-response
relationship with breastfeeding duration (Arenz, Rückerl, Koletzko, & von Kries, 2004; Harder,
Bergmann, Kallischnigg, & Plagemann, 2005; Hawkins, Cole, & Law, 2009; Lefebvre & John, 2014;
Owen, Martin, Whincup, Smith, & Cook, 2005; Stolzer, 2011; Wang, Collins, Ratliff, Xie, & Wang,
2017; Yan, Liu, Zhu, Huang, & Wang, 2014). These studies, mostly conducted in high income
countries (HICs), show a protective effect of breastfeeding on child overweight. However, similar
studies in LMICs, such as Brazil and Belarus, have found no evidence for associations (Araujo,
Victora, Hallal, & Gigante, 2006; Borges Neutzling et al., 2009; Martin et al., 2013; Novaes,
Lamounier, Colosimo, Franceschini, & Priore, 2011; Portela, Vieira, Matos, de Oliveira, & Vieira,
2015).
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The prevalence of childhood overweight (including obesity) in México, an upper-middleincome country grouped within the LMICs, was 9.7% in children younger than 5 years of age in 2012
(Gutiérrez et al., 2012, The World Bank, 2019a). This has been the highest point estimate over the past
few decades and was higher than the aggregate prevalence among upper-middle-income countries
worldwide and among Latin American & Caribbean countries (6.9% and 7.1% in 2012, accordingly)
(The World Bank, 2019b). The lowest national prevalence of exclusive breastfeeding in México in
children younger than 6 months of age was registered in 2012 (14.4%), which was one of the lowest
when compared to the aggregate prevalence worldwide or among the upper-middle-income countries
(40.2% and 25.8% in 2014, correspondingly) (Gutiérrez et al., 2012; The World Bank, 2019c).
However, overall breastfeeding initiation and median duration of any breastfeeding in México
remained stable from 2006 (90.4%, 10.4 months) to 2012 (93.7%, 10.2 months), and prevail as high
point estimates for breastfeeding initiation and continuation worldwide (González de Cossío, EscobarZaragoza, González-Castell, Reyes-Vázquez, & Rivera-Dommarco, 2013; Gutiérrez et al., 2012).
The protective effect of breastfeeding on child overweight has been mainly explained at the
individual-level through biological mechanisms such as: active feeding and self-regulation, reduction
of non-innocuous feeding behaviors by caregivers, and delivery of bioactive factors which contribute in
regulating children’s appetite and metabolism as well as confer immune protection (Bartok & Ventura,
2009; Dieterich, Felice, O'Sullivan, & Rasmussen, 2013). However, this association may be
confounded by non-biological contextual factors, which may help explain maternal and child health
outcomes by identifying wider social characteristics (e.g., some studies report a strong cultural
preference among Mexican women for heavier children (Foster & Hale, 2015; Sosa, 2012)). While the
prevalence of any breastfeeding in México may be higher when compared to other countries, child
feeding practices and weight perceptions rooted in cultural norms and beliefs, as well as maternal
health, education and employment status, among other higher-level factors (e.g., household
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socioeconomic status, urban or rural settings) may play important roles when examining the association
between breastfeeding and child overweight (Foster & Hale, 2015; Sosa, 2012).
Early life overweight (including obesity) has been described as a complex condition originating
mostly within the first 1,000 days of life. Scholars have expressed the need of further understanding its
etiology and plausible behavioral and biological mechanisms at the individual- and higher-levels to
develop prophylactic interventions and strategies (Taveras, 2016; Woo Baidal et al., 2016). Research of
child overweight-related predictors need a broader analytic perspective that is grounded in theoretical
models used in public health, such as that proposed by Dahlgren and Whitehead (1991) in which
biology interacts with individual lifestyle factors, family, social and community networks, and broader
socioeconomic, cultural and environmental conditions. Blake-Lamb and colleagues (2016) provide a
theoretical model aimed at preventing child overweight within the first 1,000 days which shares
characteristics with Dahlgren and Whiteheads’ and with the WHO social determinants of health model
(Solar & Irwin, 2010). The aforementioned models propose that in order to positively impact maternal
or caregiver modifiable health behaviors (which ultimately impact child health), community and
higher-level factors must be addressed. For instance, while the WHO recommendation is to exclusively
breastfeed children for the first 6 months, the maternity-leave policy in México provides only 12 weeks
(around 3 months) of paid-leave, making it harder for formally employed women to comply with the
WHO recommendation (OECD, 2018). Another example to illustrate the importance of higher-level
factors is how breastfeeding duration and child overweight vary across socioeconomic status (SES) in
different income-level countries. In HICs, women with higher SES tend to breastfeed longer while in
LMICs it is the opposite, lower SES women breastfeed longer when compared to higher SES
counterparts (Victora et al., 2016). Hawkins and colleagues examined individual-, family-, community, and area-level factors using an ecological systems approach in the United Kingdom, and found that
breastfeeding duration in addition to risk factors at each of these levels were important determinants of
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early childhood overweight (Hawkins et al., 2009). Consequently, all of the abovementioned theoretical
models may be particularly relevant in assessing the association between breastfeeding duration and
child overweight. Accordingly, we developed a conceptual framework depicting early overweightrelated individual, household and area factors (Figure 2.1.). We found no study, representative of
México, particularly addressing this association while using this theoretical approach. This study
contributes evidence-based information to discern early risk and protective factors for child overweight
and further develop interventions in México and other LMICs.
Study Purpose and Aims
The aim of this study was to examine the association between breastfeeding duration and child
overweight overall, and according to household socioeconomic status (SES) in México, while
sequentially controlling for individual, household and area factors. This study also assessed whether
there were significant differences in child overweight by area factors. We hypothesized that children
who received any breastmilk for ≥6 months would have a lower risk for overweight compared with
children who breastfed <6 months; that individual, household and area factors would be associated with
child overweight; and that the protective effect of breastfeeding on child overweight (if there was one)
would differ by household SES.
Methods
We used secondary data from the Mexican National Health and Nutrition Survey 2012
(ENSANUT for its acronym in Spanish) which is a nationally-representative cross-sectional study
planned and executed by the National Institute of Public Health (NIPH) in México. NIPH collected
data on 50,528 households obtained from the Mexican Census using a probabilistic, multistage,
stratified random sample (Gutiérrez et al., 2012). This methodology allowed representativeness of rural
and urban areas at national level, and among 4 regions of México. While NIPH collected child feeding
data from a subset of randomly selected women with children aged 0 to 35 months at the time of the
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interview (N=6,254), a subsample of women had additional information collected on child birthweight
and maternal characteristics, including body mass index (BMI), tobacco use, parity, delivery mode, and
diabetes. As these factors have all been identified in the literature as key determinants of child
overweight, we focused our analysis on this subsample (Hawkins et al., 2009; Mameli et al., 2016;
Taveras, 2016; Woo Baidal et al., 2016). We further excluded children if they had missing or
biologically implausible anthropometry data, were cared for by caregivers or grandmothers rather than
children’s mothers to avoid information bias, multiples, and maternal BMI or tobacco use were
missing. We excluded multiples since they are less likely to be breastfed than singletons (Östlund,
Nordström, Dykes, & Flacking, 2010; Whitford, Wallis, Dowswell, West, & Renfrew, 2017;
Yokoyama & Ooki, 2004). Figure 2.2. summarizes the exclusion criteria that lead to our final
subsample which included individual, household and area factors for child overweight on 2,500
singleton children aged 0 to 35 months. We assessed whether our final subsample differed from the
larger sample which included data on breastfeeding and child overweight but were missing relevant
data such as child birthweight and maternal BMI. We also assessed whether sampling weights (as
provided for children in the infant feeding dataset) needed to be recalculated. In order to do so, we
analyzed data using 2 strategies. First, we generated an indicator variable and ran a logistic regression
model comparing those who would be included and excluded in our subset and found no significant
differences in the dependent variable or other variables between the 2 groups. Second and following
analytical recommendations from ENSANUT experts, we ran analyses (frequencies, weighted and
unweighted percentages and means) to compare whether the whole infants sample and the subset were
comparable in terms of distribution of the main independent and dependent variables. We found no
significant differences by area (urban and rural), region (North, Center, Metropolitan and South),
dependent variable (child overweight), and other independent variables between the 2 groups. These 2
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strategies led us to conclude that the exclusions did not lead to biases in the final subset and it was
unnecessary to recalculate the children’s sampling weights.
Measures
Table 2.1. summarizes the measures used in this chapter which are described in the following
paragraphs.
Breastfeeding. Our main independent variable was breastfeeding duration. During the child feeding
interview, women were asked, “Did you ever breastfeed your child? If so, do you still breastfeed? If
not, for how long did you breastfeed?” Additionally, women were asked whether they breastfed their
child yesterday (status quo method) (Gutiérrez et al, 2012). From this information, we generated a 4category variable: never breastfed, any breastfeeding for <6 months, still breastfeeding aged <6
months, and any breastfeeding for ≥6 months. While most studies have used a 3-category breastfeeding
variable (e.g., never breastfed, breastfed for <6 months, breastfed for ≥6 months), we had to generate a
fourth category given that a group of the children aged <6 months were still breastfeeding though were
not compatible with any of the other 3-categories (i.e., we could not ascertain whether they would
reach ≥6 months of breastfeeding neither could we include them with children who were breastfed <6
months since they had not yet reached 6 months of age). Any breastfeeding was defined as receiving
exclusive, predominant or partial breastfeeding or breast-milk through bottles.
Individual factors. Child’s age as a continuous variable and sex were included as control variables.
Women reported their child’s birthweight in Kilograms (kg) as a continuous variable and we
categorized it into 3 groups: normal 2.5-4 kg, low <2.5 kg, high >4 kg (WHO, 2010). Delivery mode
was reported as vaginal versus cesarean section. Very early introduction of liquids was defined as
feeding newborns any type of liquid different than human milk within the first 3 days postpartum.
Early introduction of complementary foods was operationalized as feeding children any type of liquid
different than breastmilk or water, solid or semi-solid foods <6 months of age. Maternal age was
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included as a continuous variable and employment was conceptualized considering data on having a
paid job, the number of hours worked during the past week, and formality. Full-time employment was
defined as working ≥40 hours per week, and formality was defined as having a paid job with
contributory social protection systems (ILO, 2014; Levy, 2008). Both employment status and formality
were combined into one variable with 5 categories. For maternal education, women were asked which
was the last year of formal education that they had completed and was categorized into 3 groups.
Women were asked their partner status, which we categorized as having a partner or not. Ethnicity was
captured by asking mothers if, according to their cultural background, they self-identified as being
indigenous or not, and parity by asking how many children they had delivered alive which was
included as a continuous variable. Women were weighed and measured by trained and standardized
interviewers from the NIPH. Using ENSANUT’s maternal body weight and height, we estimated
maternal BMI and classified women as underweight, <18.5 kg/m2; normal weight, 18.5-24.9 kg/m2;
overweight, 25-29.9 kg/m2; and obese, ≥30.0 kg/m2 (WHO, 2011). Finally, women were asked if at
some point they had gestational or another type of diabetes, and if they were currently smoking.
Household factors. Number of children aged <5 years per household was included as a continuous
variable given that scholars have identified a positive association between the number of children
younger than 5 years in a household and the odss for child malnutrition (Titaley, Ariawan, Hapsari,
Muasyaroh, & Dibley, 2019). Grandparents living in the same house were identified and included in
the analysis given the evidence that they may influence children’s health outcomes including weight
status (Pulgaron, Marchante, Agosto, Lebron, & Delamater, 2016). SES was estimated by ENSANUT
through principal component analysis, using household conditions, number of people living in the
household, basic household infrastructure, and number of domestic appliances to categorize household
SES (Gutiérrez et al., 2012). We used SES in tertiles categorized as low, medium and high.
Measurement of food insecurity was estimated by ENSANUT using an adapted 15-item questionnaire
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of the Latin American and Caribbean Food Security Scale (ELCSA) categorizing households into 4
groups which we re-categorized into 3 groups by collapsing moderate and severe food insecurity
(Gutiérrez et al., 2012; Perez-Escamilla, Paras, & Hromi-Fielder, 2008).
Area factors. Areas were classified according to population size into urban or rural settings. According
to the survey’s design, urban was defined as population size of 2,500 individuals or more, and rural as
less than 2,500 individuals (Gutiérrez et al., 2012). México was divided into 4 regions: North, Center,
Metropolitan (México City), and South in accordance with the stratification design of the survey
(Gutiérrez et al., 2012). Both area and region factors were combined into one variable with 7
categories. The rationale for combining these 2 factors was that health-related behaviors and outcomes
in Mexico appear to vary not only by region but also by area (Sparks & Sparks, 2012). From an
analytic point of view, this allowed to have a larger number of area factors to perform a 2-level
analysis. Overall, this combination allowed a more porous analysis by location and population density.
Child overweight. According to ENSANUT survey’s methods, trained and standardized interviewers
from the NIPH measured the child’s height or length in centimeters (cm) and weight in kg. Children
younger than 24 months of age were measured recumbent referred to as length, and those aged 24
months or older were measured standing referred to as height. Weight was measured using digital
scales, length using infantometers with a fixed head-piece, a horizontal backboard and an adjustable
foot-piece, and height using stadiometers (Gutiérrez et al., 2012). We analyzed children’ anthropometry
from raw weight and height or length data provided by ENSANUT using the STATA restricted macro
from the WHO growth standards (WHO, 2011). We excluded data flagged as biologically implausible
according to WHO guidelines (WfL-z <-5 or >5) (WHO, 2011). Our outcome measure was child
overweight (including obesity) using weight-for-height/length-z-score (WfL z-score), for age and sex,
according to the WHO child growth standards median, criteria which is widely used across studies
(WHO, 2012).
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Analytical Approach
We conducted a series of analyses to examine the associations between individual, household,
and area factors with child overweight. Frequencies and weighted percentages for categorical variables,
weighted means for continuous variables, Pearson’s chi-square tests, and unadjusted logistic regression
models were used to examine bivariate relationships. Given the dichotomous nature of our outcome
variable (i.e., overweight or not overweight), we used step-wise multivariable logistic regression
models to assess the association between breastfeeding duration and child overweight. This method
allowed us to control for individual, household and area variables successively as follows: model 1
examined the association between breastfeeding and child overweight without adjusting for any of the
other variables; models 2 through 4, sequentially, adjusted for individual, household, and area factors.
To test whether the effect of breastfeeding duration on child overweight differed by socioeconomic
level, we tested the interaction of SES and breastfeeding on child overweight in the fully-adjusted
model. The interaction was not significant (p>0.05) and results are shown in supplemental table 2.1.
We estimated the variance inflation factors (VIF) for each model to test for high intercorrelations
between the independent variables and found no evidence for multicollinearity problems (i.e., our
model’s tolerance values (1/VIF) were all >0.5). According to Mehmetoglu & Jakobsen (2017), a
multicollinearity problem may be identified when the tolerance values are <0.2 which will likely result
in less reliable point estimates and large standard errors for the variables that resulted collinear.
While model 4 (fully-adjusted) included a fixed effect by area factors allowing to compare the
odds ratios for child overweight by areas-regions, it did not account for the multilevel structure in the
subset. This means that we have clustered data: one maternal-child dyad per household (level-one,
N=2,500) nested within areas-regions in México (level-2, N=7). Multilevel models, also known as
hierarchichal linear models, mixed-effects models, random intercept models (among other
denominations depending on the discipline) are specifically designed for data in which observations are
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nested within a group of reference. Therefore, multilevel modelling accounted for the fact that
maternal-child dyads living in households from a given area-region share a context or frame of
reference, and that there may be differences between these areas-regions. Consequently, we computed
model 5 using a mixed-effects 2-level logistic regression model to account for area factors variance and
tested the association between breastfeeding duration and child overweight while allowing a random
intercept by area factors. From a methodological perspective, there are several differences between
model 4 (fully-adjusted logistic regression model) and model 5 (fully-adjusted mixed-effects regression
model). The former represents a single-level model that requires the following assumptions to be met:
independence of the observations conditional on the explanatory variables and uncorrelated residual
errors (Mehmetoglu & Jakobsen, 2017). However, with multilevel structured data, these assumptions
are not met given the frame of reference that level-1 observations share within a given cluster at level-2
(e.g., households within the south-rural area in Mexico). Model 5 accounts for the level-2 clustered
data, producing reliable standard errors, revealing how outcomes at the lowest level (i.e., children) are
affected by the higher level (i.e., areas-regions in Mexico), and allowing for random intercepts by
areas-regions.
Data were analyzed using the statistical package STATA SE version 15.1 (STATA Corporation,
Texas, U.S) and statistical package R (RStudio). In STATA, survey commands were used to account
for the probabilistic survey design including children sampling weights, primary sampling units (PSU)
and strata (Gutiérrez et al., 2012). We ran multilevel models both in STATA and RStudio using
maximum likelihood estimation.
Results
In our subsample, 94.5% of Mexican children initiated breastfeeding, 59.0% received any
breastfeeding for ≥6 months, and 9.6% were overweight (Table 2.2.).
Unadjusted Overweight Analyses
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According to bivariate analyses (Table 2.3.), regarding individual factors, children were more
likely to be overweight if they were classified as high birthweight compared to those with normal
birthweight (unadjusted odds ratio (UOR) 2.76, 95% confidence interval (CI) 1.59-4.81), and if their
mother was obese compared to normal body weight (UOR 1.83, 95% CI 1.17-2.87). No other
individual variables were associated with child overweight. Regarding household factors, we found no
significant differences in child overweight by any of the variables. Regarding area factors, compared to
the north-urban region, the center-urban, metropolitan-urban, south-urban, and south-rural areas were
less likely to have overweight children (UOR 0.52, 95% CI 0.31-0.88; 0.44, 95% CI 0.20-0.97; 0.38,
95% CI 0.22-0.65; 0.35, 95% CI 0.18-0.69, respectively).
Stepped Overweight Analyses
As shown in Table 2.4., we found evidence for a protective effect of any breastfeeding for ≥6
months on child overweight compared to any breastfeeding for <6 months, across models 1 to 5 with
similar effect size. After controlling for individual factors (Model 2), child overweight was positively
associated with high birthweight (adjusted odds ratio (AOR) 2.65, 95% CI 1.52-4.61), introduction of
complementary foods <6 months (AOR 1.53, 95% CI 1.02-2.29), and maternal obesity (AOR 1.71,
95% CI 1.11-2.66). After also adjusting for household factors (Model 3), all abovementioned
associations were maintained with similar effect size and direction. In the fully adjusted model (Model
4), children with high birthweight were more likely to be overweight than normal birthweight children
(AOR 2.56, 95% CI 1.44-4.54), as those with obese mothers when compared to normal weight mothers
(AOR 1.76, 95% CI 1.13-2.73). In contrast, regarding area factors, children were less likely to be
overweight when living in the center-urban, south-urban and south-rural areas when compared to northurban areas (AOR 0.53, 95% CI 0.31-0.91; 0.40, 95% CI 0.22-0.73; AOR 0.40, 95% CI 0.18-0.87,
respectively).
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In the multilevel model (Model 5), compared to their corresponding reference groups, level-one
risk factors for child overweight were high birthweight (AOR 2.32, 95% CI 1.49-3.61) and maternal
obesity (AOR 1.83, 95% CI 1.26-2.65). No other level-one risk or protective factors were identified.
Level-2 (7 areas-regions) variance was 0.03 (standard error (SE) 0.04) with an intraclass correlation
coefficient (ICC) of 0.01 (SE 0.01).
Discussion
Among a nationally-representative subsample of children aged 0 to 35 months in México in
2012, 9.6% were overweight. When compared to children breastfed <6 months, we found evidence for
a protective effect of breastfeeding for ≥6 months on child overweight. There was no differential effect
of breastfeeding duration on overweight by household SES as we had hypothesized. Consistent with
the literature, we also found that high child birthweight and maternal obesity were risk factors for child
overweight (Weng, Redsell, Swift, Yang, & Glazebrook, 2012; Woo Baidal et al., 2016).
Across all models, compared to children who were breastfed for <6 months, we found evidence
for a protective effect of any breastfeeding for ≥6 months on child overweight; also, while not
statistically significant it is worth noting that the never breastfed category yielded odds ratios below
one across all models and this is relevant because results would have varied according to the reference
group chosen. Our results coincided with findings from a meta-analysis in which 17 studies revealed a
dose-response effect of breastfeeding duration on reduced risk of child overweight and obesity (Yan,
Liu, Zhu, Huang, & Wang, 2014). These scholars found that any breastfeeding for <3 months was not
protective and that the highest protection was found at ≥7 months. Conversely and contrary to findings,
other studies in LMICs such as Brazil and Belarus, found no evidence for these associations. (Araujo et
al., 2006; Borges Neutzling et al., 2009; Martin et al., 2013; Novaes et al., 2011; Portela et al., 2015).
One plausible explanation for the lack of association between breastfeeding and child overweight in
LMICs, in previous studies, may be that children in these countries were already at higher risk of any
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form of malnutrition (including overweight and obesity) due to lower access to healthcare, obesogenic
environments, cultural and social systems as well as lack of policies (or non-enforcement of existing
policies) that would help prevent overweight within the first 1,000 days of life and beyond (WHO,
2017). It may also be plausible that despite high rates of any breastfeeding, norms and beliefs among
some LMICs tend to favor heavier children; therefore it is a common practice to complement
breastfeeding with infant formula and other foods to achieve higher bodyweights (Foster & Hale, 2015;
Sosa, 2012). Lastly, there may be unaccounted exposures most likely related to healthier dietary
patterns and food systems, active lifestyles, and safer perceived neighborhoods with built environments
that enable breastfeeding and physical activity, leading to omitted-variable bias and underspecified
models. Besides including breastfeeding duration and other child overweight-related variables,
including these unaccounted exposures may better explain why some children are at lower risk of
developing overweight across diverse country income-levels (Brion et al., 2011; Ranchod, Diez Roux,
Evenson, Sánchez, & Moore, 2014). These neighborhood-level data, or norms and beliefs data around
breastfeeding and bodyweight were not available in our subsample.
Across all models, our results coincided with previous findings showing strong associations
between maternal obesity and off-spring high birthweight with child overweight (Hawkins et al., 2009;
Woo Baidal et al., 2016). Possible explanatory mechanisms may be shared genetics and obesogenic
environment, as well as epigenetics (Bammann et al., 2014). Obesogenic environments are typically
characterized by higher concentration of convenience stores offering mostly energy-dense foods, fast
food restaurants and lack of built environments that facilitate healthy behaviors (e.g., physical activity,
breastfeeding) (Bell, Kerr, & Young, 2019; Mackenbach et al., 2014). In México, the environment has
become increasingly obesogenic in the past decade and obesogenic environmental factors of particular
interest affecting early childhood are a low breastfeeding-enabling environment and high intake of
sugar-sweetened beverages (SSB) (Aceves Martins, Llauradó, Tarro, Solà, & Giralt, 2016; Barquera,
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Hernández-Barrera, Rothenberg, & Cifuentes, 2018; González de Cosío, Ferré, Mazariegos, & PérezEscamilla, 2018). According to a recent assessment of the breastfeeding environment in México,
following the “Becoming Breastfeeding Friendly” (BBF) toolbox, scholars concluded that the
breastfeeding environment is weak and that actions are urgently needed to protect and support
breastfeeding and to develop pertinent policies and interventions (González de Cosío, Ferré,
Mazariegos, & Pérez-Escamilla, 2018). México held the largest per capita intake of soft drinks
worldwide in 2011. Despite recent efforts to reduce SSB intake in México such as the implementation
of an excise tax on SSBs in 2014, which has helped reduce purchases of these beverages, interventions
and other strategies are needed to address the intake of SSB during early childhood (Colchero, Molina,
Guerrro-López, 2017).
Regarding area factors, children living in the center-urban or southern region of México, either
rural or urban, were less likely to be overweight. A plausible explanation of the lower likelihood of
child overweight in the southern region may be the high proportion of undernutrition; in 2012
nationwide, 13.6% of children under 5 years of age were stunted, while in the southern region the
prevalence peaked to 19.2% (Gutiérrez et al., 2012). In addition, this is the poorest region in México
and has the highest concentration of the indigenous population (Kroker-Lobos, Pedroza-Tobías,
Pedraza, & Rivera, 2014; Rivera, Irizarry, & González-de Cossío, 2009). Studies in the US have shown
disparities of breastfeeding and growth patterns across racial/ethnic groups (Anstey, Chen, ElamEvans, & Perrine, 2017; Hawkins, Rifas-Shiman, Gillman, & Taveras, 2017). While our sample did not
identify diverse race/ethnicity groups, we found no differences in child overweight among indigenous
and non-indigenous groups. Indigenous communities in Latin American countries have experienced a
rise in the prevalence of overweight and obesity coupled with a high prevalence of stunting. This
double burden of malnutrition disproportionately affects indigenous groups, both at individual- and
household-levels; however, no differences in overweight have been found between the 2 groups
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(Chaves & Pasos Cervera, 2017; Ramirez-Zea, Kroker-Lobos, Close-Fernandez, & Kanter, 2014). It is
possible that overweight gaps between indigenous and non-indigenous groups in México are narrowing
due to changes in diet and lifestyle driven by globalization (Swinburn et al., 2011).
When accounting for the 2-level structure in our subsample (Model 5), we found the same
associations with similar direction and effect size than those in model 4 (i.e., high birthweight and
maternal obesity positively associated with child overweight). Regarding this methodology, several
scholars have argued that in order to have reliable estimates, level-2 variables need at least 30 to 50
groups with 20 to 30 observations at level-one each (30-30 or 50-20 conservative rules); however,
others argue that even when level-2 group numbers are small (< 20), which is our case, it is not worth
ignoring the multilevel structure and assume that the group variance is zero (Robson & Pevalin, 2016).
While our dataset did not support the conservative 30-30 or 50-20 rules (i.e., we had 7 level-2 groups
and 100 minimum level-one observations per group, 7-100), we decided to compare a fixed intercept
fully-adjusted model (Model 4) with a mixed-effects 2-level model with random intercept at area
factors (Model 5). For comparison purposes, we computed some fit statistic tests. The likelihood ratio
test versus logistic model yielded a p>0.05 and the ICC estimate was 0.011. The first value indicates
that there were no statistical differences in the estimates between models 4 and 5. The ICC value meant
that 1.1% of the variance in the model was explained by differences between area factors. While there
seems to be no objective cut-off values for ICC, which ranges from 0-1, some scholars have
recommended that a value ≤0.10 may indicate that a multilevel model would not be adequate;
nonetheless, most scholars have argued that this should not justify disregarding multilevel models
particularly when nesting is straightforward such as with our subsample (Robson & Pevalin, 2016).
ENSANUT 2012 is the most recent cross-sectional survey representative of rural and urban areas
at national and regional levels, which collected data on child feeding practices and childhood
overweight in México. This allowed examining diverse individual, household and area factors using
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health determinants theoretical models from which we proposed a conceptual framework, as well as
diverse analytical approaches (i.e., fixed intercept by area factors and mixed-effects with random
intercept at level-2 area factors). By using these theoretical and analytical approaches, we were able to
discern where policy or intervention efforts may be focused. Moreover, one of the strengths of using
ENSANUT is that anthropometric data (child and maternal length/height and weight) were not selfreported, but measured by trained personnel using age-pertinent protocols. This allowed us to estimate
z-scores according to the WHO’s multicenter study, which included growth data from breastfed
children in HICs and LMICs (WHO, 2011b).
Limitations
One of our main limitations is that ENSANUT is cross-sectional and we cannot rule out reverse
causation. We could not assess the temporality of risk or protective factors preceding child overweight.
We acknowledge that ENSANUT cross-sectional design did not allow our models to be predictive and
limits the scope of the study to solely describe associations where statistical evidence was found.
Breastfeeding data were collected at the time of the interview with children’s age ranging from 0 to 35
months. We could not use breastfeeding as a continuous variable. We relied on maternal recall of child
feeding practices with some cases still breastfeeding and others reporting retrospective data from weeks
up to 3 years. Scholars who have studied respondent’s recall bias on retrospectively-collected
breastfeeding data suggest that studies exploring breastfeeding practices be conducted either
prospectively or within <1 month following weaning (Gillespie, d'Arcy, Schwartz, Bobo, & Foxman,
2006). We acknowledge that respondent recall bias on breastfeeding practices is likely present. Another
important limitation is that we could not discern between children who were fed at the breast or those
receiving breastmilk in bottles. Studies have found that breastfeeding confers the strongest protection
against early overweight mainly explained through child suckling and energy self-regulation, actions
not present when bottle feeding (Azad et al., 2018; Li, Fein, & Grummer-Strawn, 2010). In our
34

analysis, we included all available confounding factors previously identified in the literature; however,
a relevant limitation is that there were no available data on other individual and area factors that have
also been associated with child overweight such as child antibiotic exposure (Ville, Heyman, Medrano,
& Wojcicki, 2017), parental dietary habits and physical activity(Abbott et al., 2016; Taveras, 2016),
paternal BMI (Bammann et al., 2014), and prenatal or pregnancy tobacco exposure (we used smoking
at the time of the survey as a proxy for prenatal or pregnancy exposure) (Li et al., 2016; Wang,
Mamudu, & Wu, 2013) probably leading to omitted-variable bias.
In conclusion, according to our results, efforts should be aimed at individual factors as early as prepregnancy to foster women’s healthier and active lifestyles to prevent maternal obesity. At policy-level
and healthcare systems in México, support is needed to improve the obesogenic and breastfeeding
environment by raising national awareness of the benefits of breastfeeding, extending paid-maternityleave to 6 months, ensuring that employers enable the continuation of breastfeeding with adequate
support systems and policies, enforcing the International WHO Code of Marketing of Breastmilk
Substitutes to restrict hospital use of infant formula, enabling food systems that provide affordable and
accessible complementary foods, enabling environments that foster physical activity, and finding
solutions to support breastfeeding for informally employed women (Barennes, Slesak, Goyet, Aaron, &
Srour, 2016; Forsyth, 2013; González de Cosío, Ferré, Mazariegos, & Pérez-Escamilla, 2018; ILO,
2014; Murtagh & Moulton, 2011; Rivera-Pasquel et al., 2015). Child obesity in México has been rising
over the past decades and is a public health concern; thus, it is imperative to continue research which
helps identify early-life risk factors, and modify/design interventions and policies to prevent the onset
of child overweight across different contexts in México and other LMICs.
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Table 2.1. Description of study variables for chapter 2
Coding

Definition

Individual factors
Child
Overweight

0. No
1. Yes

Age
Sex

Continuous
0. Male
1. Female
1. Normal
2. Low
3. High
0. Vaginal
1. C-section
1. Never breastfed
2. Any bf <6 months
3. Still bf aged <6
months
4. Any bf ≥6 months
0. No
1. Yes
0. No
1. Yes

Birthweight

Delivery mode
Breastfeeding duration

Very early introduction of
liquids
Early complementary
feeding

Weight-for-length-z-score (WfL-z-score), for
sex and age, >+2 standard deviations according
to WHO growth standard median
Children’s age (months)
Sex assigned at birth
Reported birthweight in kg or obtained from
birth certificates and categorized in 3 groups:
Normal 2.5-4, Low < 2.5, High > 4
Reported delivery mode
Any breastfeeding (bf) was defined as receiving
exclusive, predominant or partial breastfeeding,
or being fed breastmilk.

Introduction of liquids different than breastmilk
within 3 days postpartum
Introduction of liquids different than water or
breastmilk, semi-solid or solid foods before 6
months of age

Maternal
Age
Employment

Education

Partner Status

Ethnicity

Continuous
1. Not working
2. Part-time informal
3. Part-time formal
4. Full-time informal
5. Full-time formal
1. ≤ 9th grade
2. 9-11 grade
3. High school
4. Some college or >
0. No
1. Yes

0. Non-indigenous

Maternal age in years
Did not work last week
Part-time <40 hrs/week
Full-time ≥40 hrs/week
Formality was defined as having a paid job with
contributory social protection systems
Self-reported formal education as last year
completed

Self-reported marital/partner status. Living with
partner and married were considered as having a
partner. Separated or divorced, widowed, or
single as not.
Self-identification as indigenous
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Parity
Body Mass Index (BMI)

Diabetes (any type)
Tobacco use
Household factors
Children aged <5 years
Grandparents
Socioeconomic Status
(SES)
Food Insecurity

Area factors
Region / Area Density

1. Indigenous
Continuous
1. Underweight
2. Normal weight
3. Overweight
4. Obese
0.
1.
0.
1.

No
Yes
No
Yes

Continuous
0.
1.
1.
2.
3.
1.
2.
3.

No
Yes
Low
Medium
High
Secure
Mild
Moderate & Severe

1.
2.
3.
4.
5.
6.
7.

North/Urban
North/Rural
Center/Urban
Center/Rural
Metropolitan/Urban
South/Urban
South/Rural

Number of live births
BMI (kg/m2) categorized in 4 groups:
Underweight < 18.5
Normal 18.5-24.9
Overweight 25-29.9
Obesity ≥ 30
Any type of self-reported diabetes mellitus
Current tobacco use

Number of children aged <5 years cohabiting,
including the child
One or more grandparents cohabiting
Socioeconomic score in tertiles, calculated
through principal component analysis by
ENSANUT
3-category food insecurity variable as defined
by the Latin American and Caribbean Food
Security Scale
Four regions of México as defined by
ENSANUT and divided by population size:
rural < 2,500 inhabitants,
urban ≥ 2,500 inhabitants
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Table 2.2. Descriptive statistics (frequencies and weighted percentages, and standard deviations and
weighted means) for ENSANUT analytic sample (N=2,500)
N

%/
Mean (SD)

1,312
1,188
2,147
196
157
2,268
232
2,251
249

17.6 (10.4)
54.6
45.4
84.7
8.7
6.6
90.4
9.6
89.2
10.8

Breastfeeding duration
Never breastfed
145
Any breastfeeding <6 months
514
Still breastfeeding aged <6 months
310
Any breastfeeding ≥6 months
1,531

5.5
22.8
12.7
59.0

Individual factors
Child
Age (months)
Sex
Birthweight

Overweight
Stunted

Delivery mode

Male
Female
Normal
Low
High
No
Yes
No
Yes

Vaginal
C-section
Introduction of liquids  than
breastmilk ≤3 days postpartum
No
Yes
Complementary foods <6 months
No
Yes
Maternal
Age (years)
Employment
Not working
Part-time informal
Part-time formal
Full-time informal
Full-time formal
Education
≤ Primary
Some secondary or secondary
Some high school or high school
Some college or >
Partner status
No
Yes

1,477
1,023

57.1
42.9

1,356
1,144

55.7
44.3

1,248
1,252

47.4
52.6

1,812
135
214
221
118
705
1,088
467
240
357
2,143

27.6 (6.6)
69.5
6.0
9.4
9.5
5.6
24.9
42.3
21.2
11.6
14.7
85.3
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Ethnicity

Non-indigenous
Indigenous
Parity (number of live births)
BMI classification
Underweight
Normal weight
Overweight
Obese
Self-reported diabetes (any type)
No
Yes
Current tobacco use
No
Yes
Household factors
Number of children aged <5 years
Grandparent(s) cohabiting
No
Yes
Socioeconomic status
Low
Medium
High
Food Security
Secure
Mild insecure
Moderate to Severe insecure
Area factors
Region / Area Density
North/Urban
North/Rural
Center/Urban
Center/Rural
Metropolitan/Urban
South/Urban
South/Rural

1,857
77.8
643
22.2
2.3 (1.4)
63
907
923
605

2.5
39.1
35.0
23.4

2,418
82
2,294
206

96.4
3.6
88.2
11.8

1.4 (0.6)
1,762
68.2
738
31.8
1,066
38.1
869
33.9
565
28.0
598
26.0
1,127
42.7
775
31.3

403
146
537
383
100
502
429

17.3
3.3
21.2
10.9
15.1
17.9
14.3
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Table 2.3. Predictors for overweight (weighted percentages and means with standard deviations) and
unadjusted odds ratios among children aged 0 to 35 months (N=2,500)
Overweight
%/
Unadjusted OR
Mean (SD)
(95% CI)
9.6

Overall
Individual factors
Child
Age (months)
Sex

16.0 (10.3)

0.98 (0.97-1.00)

Male
Female

10.3
8.9

1
0.85 (0.59-1.23)

Normal
Low
High

8.9
1
7.8
0.86 (0.33-2.24)
21.3 2.76 (1.59-4.81)***

Birthweight

Delivery mode
Vaginal
C-section
Introduction of liquids  than
breastmilk ≤3 days postpartum
No
Yes
Complementary foods <6 months
No
Yes
Maternal
Age (years)
Employment
Not working
Part-time informal
Part-time formal
Full-time informal
Full-time formal
Education
≤ Primary
Some secondary or secondary
Some high school or high school
Some college or >
Partner status
No
Yes
Ethnicity
Non-indigenous
Indigenous

9.2
10.3

1
1.13 (0.78-1.63)

9.8
9.4

1
0.95 (0.65-1.38)

8.8
10.4

1
1.19 (0.84-1.70)

27.4 (6.2)

0.99 (0.97-1.02)

9.2
10.3
11.2
13.8
4.9

1
1.14 (0.57-2.25)
1.24 (0.70-2.20)
1.58 (0.91-2.75)
0.50 (0.16-1.62)

8.2
9.6
9.4
13.1

0.85 (0.48-1.53)
1.02 (0.61-1.73)
1
1.45 (0.78-2.67)

6.4
10.2

0.61 (0.32-1.14)
1

10.3
7.4

1
0.69 (0.44-1.09)
40

Parity (number of live births)
BMI
Underweight
Normal weight
Overweight
Obese
Self-reported diabetes (any type)
No
Yes
Current tobacco use
No
Yes
Household factors
Number of children aged <5 years
Grandparent(s) cohabiting
No
Yes
Socioeconomic status
Low
Medium
High
Food Security
Secure
Mild insecure
Moderate to Severe insecure
Area factors
Region / Area Density
North/Urban
North/Rural
Center/Urban
Center/Rural
Metropolitan/Urban
South/Urban
South/Rural

Overweight
%/
Unadjusted OR
Mean (SD)
(95% CI)
2.3 (1.3)
0.96 (0.84-1.10)
4.8
7.5
10.2
12.9

0.63 (0.08-4.88)
1
1.40 (0.88-2.24)
1.83 (1.17-2.87)**

9.6
9.5

1
0.99 (0.42-2.32)

9.9
7.7

1
0.76 (0.41-1.42)

1.5 (0.6)

1.23 (0.89-1.69)

9.7
9.4

1
0.96 (0.64-1.43)

9.0
10.7
9.2

0.83 (0.55-1.24)
1
0.84 (0.55-1.30)

10.3
9.6
9.0

1
0.93 (0.59-1.46)
0.86 (0.52-1.43)

15.6
1
10.7
0.65 (0.29-1.47)
8.8
0.52 (0.31-0.88)*
14.2
0.90 (0.55-1.47)
7.6
0.44 (0.20-0.97)*
6.5 0.38 (0.22-0.65)***
6.1 0.35 (0.18-0.69)**

*p0.05, **p0.01, ***p0.001
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Table 2.4. Models (odds ratios and 95% confidence intervals) to assess the association between breastfeeding, individual, household and area
factors, with overweight in Mexican children aged 0 to 35 months (N=2,500)
Model 1
Bf duration (Ref. bf<6)
Never breastfed
Still breastfeeding aged <6 months
Any breastfeeding ≥6 months
Individual factors
Child
Age (months)
Sex (Ref. Male)
Female
Birthweight (Ref. Normal)
Low
High
Delivery mode (Ref. Vaginal)
C-section
Introduction of liquids ≠ than
breastmilk ≤3 days postpartum
(Ref. No)
Yes
Complementary foods <6 months
(Ref. No)
Yes
Maternal
Age (years)
Employment (Ref. Not working)
Part-time informal
Part-time formal
Full-time informal
Full-time formal
Education (Ref. High school)
≤ Primary
Some secondary or secondary
Some college or >
Partner status (Ref. No)
Yes
Ethnicity (Ref. Non-indigenous)
Indigenous
Parity (number of live births)
BMI (Ref. Normal weight)

0.59 (0.23-1.47)
1.00 (0.57-1.78)
0.53 (0.35-0.81)**

Model 2

Model 3

Model 4

Model 5

0.69 (0.27-1.75)
1.24 (0.63-2.42)
0.55 (0.35-0.87)*

0.68 (0.27-1.70)
1.20 (0.62-2.35)
0.54 (0.34-0.85)**

0.71 (0.29-1.75)
1.34 (0.67-2.65)
0.59 (0.37-0.95)*

0.47 (0.21-1.03)
0.99 (0.58-1.70)
0.65 (0.46-0.92)*

1.00 (0.97-1.02)
0.89 (0.61-1.29)
0.92 (0.35-2.41)
2.65 (1.52-4.61)**

1.00 (0.97-1.02)
0.90 (0.61-1.31)
0.93 (0.37-2.36)
2.66 1.53-4.62)**

1.00 (0.97-1.02)
0.91 (0.62-1.34)
1.00 (0.41-2.46)
2.56 (1.44-4.54)**

1.00 (0.98-1.01)
0.86 (0.65-1.14)
0.72 (0.38-1.36)
2.32 (1.49-3.61)***

1.01 (0.71-1.45)

1.01 (0.70-1.44)

1.09 (0.75-1.57)

0.87 (0.65-1.18)

0.79 (0.54-1.17)

0.81 (0.55-1.19)

0.82 (0.56-1.19)

0.90 (0.53-1.84)

1.53 (1.02-2.29)*

1.52 (1.01-2.30)*

1.51 (0.99-2.30)

1.13 (0.83-1.54)

0.99 (0.95-1.02)

1.00 (0.96-1.04)

1.00 (0.96-1.04)

0.99 (0.96-1.02)

1.04 (0.51-2.13)
1.44 (0.80-2.58)
1.51 (0.84-2.72)
0.61 (0.20-1.88)

1.12 (0.54-2.29)
1.48 (0.84-2.63)
1.59 (0.88-2.85)
0.64 (0.21-1.92)

1.22 (0.59-2.52)
1.55 (0.87-2.77)
1.53 (0.83-2.80)
0.75 (0.25-2.27)

0.99 (0.53-1.84)
1.09 (0.65-1.80)
1.30 (0.82-2.08)
0.52 (0.20-1.33)

0.96 (0.49-1.85)
1.11 (0.65-1.88)
1.67 (0.86-3.25)
1.69 (0.86-3.31)

0.94 (0.49-1.79)
1.11 (0.65-1.89)
1.76 (0.90-3.50)
1.63 (0.84-3.15)

0.97 (0.51-1.84)
1.04 (0.60-1.80)
1.79 (0.91-3.51)
1.65 (0.87-3.16)

0.86 (0.54-1.38)
1.07 (0.72-1.58)
1.37 (0.80-2.32)
1.48 (0.91-2.40)

0.74 (0.46-1.19)
0.98 (0.81-1.18)

0.73 (0.45-1.18)
0.92 (0.74-1.14)

0.81 (0.49-1.32)
0.91 (0.73-1.13)

0.79 (0.55-1.13)
0.96 (0.82-1.12)
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Model 1
Underweight
Overweight
Obese
Diabetes (any type) (Ref. No) Yes
Current tobacco use (Ref. No) Yes
Household factors
Number of children aged <5 years
Grandparent(s) cohabiting
(Ref. No)
Yes
Socioeconomic status
(Ref. Medium)
Low
High
Food Security (Ref. Secure)
Mild Insecure
Moderate to Severe Insecure
Area factors
Region/Area Density
(Ref. North/Urban).
North/Rural
Center/Urban
Center/Rural
Metropolitan/Urban
South/Urban
South/Rural

Model 2
0.63 (0.09-4.38)
1.40 (0.87-2.23)
1.71 (1.11-2.66)*
0.93 (0.38-2.27)
0.70 (0.38-1.29)

Model 3
0.63 (0.09-4.21)
1.40 (0.88-2.21)
1.72 (1.11-2.68)*
0.94 (0.39-2.28)
0.73 (0.40-1.32)

Model 4
0.64 (0.10-4.00)
1.43 (0.90-2.28)
1.76 (1.13-2.73)*
0.86 (0.37-2.01)
0.72 (0.38-1.35)

Model 5
0.20 (0.03-1.47)
1.37 (0.97-1.94)
1.83 (1.26-2.65)**
1.13 (0.56-2.29)
0.82 (0.48-1.39)

1.26 (0.88-1.82)

1.28 (0.89-1.84)

1.08 (0.81-1.42)

0.97 (0.60-1.57)

0.99 (0.61-1.58)

0.94 (0.66-1.33)

0.96 (0.65-1.43)
0.70 (0.44-1.13)

1.07 (0.71-1.62)
0.71 (0.43-1.15)

0.88 (0.63-1.24)
0.98 (0.67-1.43)

0.92 (0.58-1.45)
0.92 (0.57-1.49)

0.92 (0.58-1.44)
0.98 (0.61-1.58)

1.01 (0.72-1.43)
0.81 (0.54-1.21)

0.64 (0.26-1.54)
0.53 (0.31-0.91)*
0.96 (0.55-1.70)
0.52 (0.22-1.22)
0.40 (0.22-0.73)**
0.40 (0.18-0.87)*

Variance 0.03,
Standard error (SE)
0.04
ICC 0.01,
SE 0.01

Model 1 examined the association between breastfeeding and child overweight without adjusting for any of the covariates; models 2 through 4, sequentially, adjusted for individual,
household, and area factors. Model 5 examined the association between breastfeeding and child overweight using a 2-level logistic approach. *p0.05, **p0.01, ***p0.001
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Supplemental Table 2.1. Fully adjusted model (odds ratios and 95% confidence intervals) to assess
whether the effect of breastfeeding duration on child overweight differed by socioeconomic status
(SES) in Mexican children aged 0 to 35 months (N=2,500)

Bf duration (Ref. any breastfeeding <6 months)
Never breastfed
Still breastfeeding aged <6 months
Any breastfeeding ≥6 months
Individual factors
Child
Age (months)
Sex (Ref. Male)
Female
Birthweight (Ref. Normal)
Low
High
Delivery mode (Ref. Vaginal)
C-section
Introduction of liquids ≠ than breastmilk ≤3 days postpartum (Ref. No)
Yes
Complementary foods <6 months (Ref. No)
Yes
Maternal
Age (years)
Employment (Ref. Not working)
Part-time informal
Part-time formal
Full-time informal
Full-time formal
Education (Ref. High school)
≤ Primary
Some secondary or secondary
Some college or >
Partner status (Ref. No)
Yes
Ethnicity (Ref. Non-indigenous)
Indigenous
Parity (number of live births)
BMI (Ref. Normal weight)
Underweight
Overweight
Obese
Diabetes (any type) (Ref. No)
Yes
Current tobacco use (Ref. No)
Yes
Household factors
Number of children aged <5 years
Grandparent(s) cohabiting (Ref. No)
Yes
Socioeconomic status (Ref. Medium)
Low
High
Food Security (Ref. Secure)
Mild Insecure
Moderate to Severe Insecure
Area factors
Region/Area Density (Ref. North/Urban)
North/Rural
Center/Urban

Overweight
Adjusted OR
95% CI
0.60 (0.17-2.07)
0.74 (0.26-2.15)
0.46 (0.23-0.90)*

0.99 (0.97-1.02)
0.92 (0.63-1.34)
0.99 (0.40-2.48)
2.57 (1.46-4.52)**
1.09 (0.76-1.56)
0.80 (0.54-1.17)
1.52 (0.99-2.32)
1.00 (0.96-1.05)
1.23 (0.59-2.53)
1.56 (0.88-2.79)
1.55 (0.85-2.82)
0.72 (0.25-2.11)
0.95 (0.50-1.79)
1.08 (0.62-1.88)
1.78 (0.91-3.51)
1.71 (0.89-3.27)
0.81 (0.50-1.31)
0.62 (0.34-1.20)
0.64 (0.10-3.94)
1.49 (0.94-2.37)
1.81 (1.15-2.84)*
0.89 (0.38-2.06)
0.73 (0.39-1.39)
1.39 (0.95-2.03)
0.93 (0.58-1.50)
0.66 (0.24-1.79)
0.51 (0.22-1.18)
0.88 (0.56-1.38)
0.93 (0.58-1.49)
0.65 (0.26-1.60)
0.53 (0.31-0.90)*
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Center/Rural
Metropolitan/Urban
South/Urban
South/Rural

0.93 (0.53-1.64)
0.51 (0.21-1.26)
0.38 (0.20-0.70)**
0.38 (0.17-0.83)*

Never breastfed x Low
Never breastfed x High
Still breastfeeding aged <6 months x Low
Still breastfeeding aged <6 months x High
Any breastfeeding ≥6 months x Low
Any breastfeeding ≥6 months x High

1.32 (0.15-11.50)
1.36 (0.20-9.29)
2.91 (0.67-12.69)
2.19 (0.47-10.22)
1.73 (0.48-6.17)
1.45 (0.51-4.13)

(Breastfeeding)x(SES)

*p0.05, **p0.01, ***p0.001
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Figure 2.1. Conceptual framework for child overweight

*Logistic regression models were used to be able to compare among the 7-category area variable. Nonetheless, taking into
account households nested within areas, a logistic regression two-level mixed-effects model by area was also computed.
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Figure 2.2. Missing data and exclusion criteria leading to ENSANUT analytic sample, used for
chapters 2 and 3 (N=2,500)

Children feeding dataset
N=6,254
Infant's anthropometry
Exclusions:
n= 3,408 missing data on weight and/or length/height and/or birthweight
n=104 biologically implausible data
N= 2,742
Maternal data
Exclusions:
n=7 multiple births
n= 3 missing tobacco use
n=16 grandmothers answered infant feeding data
n=184 missing data on anthropometry to estimate BMI
n=32 caregivers were not mothers
N=2,500
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Chapter III. Association between breastfeeding and child stunting in México
Background and Theoretical Framework
Metabolic, social, and environmental risk factors during the first 1,000 days of life (conception
through the first 2 years) and beyond can lead to child undernutrition (Black et al., 2013; de Onis &
Branca, 2016; Stewart, Iannotti, Dewey, Michaelsen, & Onyango, 2013). The United Nations
Children’s Fund (UNICEF) and the World Health Organization (WHO) estimate that undernutrition
contributes to nearly half of all deaths for children under the age of 5 (UNICEF, 2019). During infancy,
linear growth failure (defined as stunting) is the most prevalent form of undernutrition (UNICEF,
2019). Stunting begins in the uterus and continues for at least the first 2 years of life (de Onis &
Branca, 2016). Child stunting remains a challenge especially in low- and middle-income countries
(LMICs) in which children are at higher risk for undernutrition (Bates, Gjonça, & Leone, 2017). In
LMICs, which include low-, lower-middle-, and upper-middle-income countries, child stunting has
been strongly associated with later-life cognitive, metabolic, and developmental disorders affecting the
economic potential of individuals, households, and societies (Casale & Desmond, 2016; Castro-Porras,
Aedo-Santos, Wynne-Bannister, López-Cervantes, & Rojas-Russell, 2018; Henriques, Teixeira,
Cardoso, & Azevedo, 2018; McGovern, Krishna, Aguayo, & Subramanian, 2017; Prendergast &
Humphrey, 2014). The first 1,000 days of life and beyond are a critical period to assess stunting and
identify its underlying pathological mechanisms (Adair et al., 2013; Danaei et al., 2016; Stein et al.,
2010).
Worldwide, the estimated prevalence of stunting in children under 5 years of age has been
declining over the past few decades (39.3% in 1990 versus 21.9% in 2018) (UNICEF, 2019). However,
the number of children affected by stunting (around 149 million in 2018) and its long-term
consequences are still considerable, especially in LMICs (Black et al., 2013; Danaei et al., 2016; de
Onis & Branca, 2016, UNICEF, 2019). In México, an upper-middle-income country included within
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the LMICs category (The World Bank, 2019a), the national prevalence of stunting in children younger
than 5 years has also decreased over the past few decades (26.9% in 1988 versus 13.6% in 2012) yet
remained 2.2 percentage points higher than the aggregate prevalence for Latin American & Caribbean
countries in 2012 (11.4%) (Rivera-Dommarco, Cuevas-Nasu, González de Cosío, Shamah-Levy, &
García-Feregrino, 2013; The World Bank, 2019b). Although the decreasing trend is encouraging,
México has yet to increase efforts to reduce health, social, and economic disparities and contribute to
reach the 2025 WHO’s target to reduce the prevalence of stunting by 40% globally (de Onis et al.,
2013), as well as contribute to the United Nation’s sustainable development goals (SDGs) to end all
forms of child malnutrition by 2030 (Boerma et al., 2018). In México, stunting is most prevalent in the
southern region, which is the poorest region and has the highest concentration of indigenous
population, and in marginalized communities (Kroker-Lobos, Pedroza-Tobías, Pedraza, & Rivera,
2014; Rivera, Irizarry, & González-de Cossío, 2009).
Stunting has been associated with increased child morbidity and mortality, lower educational
performance during childhood, and later-life reduced socioeconomic status (SES) and increased
metabolic diseases (Casale & Desmond, 2016; McGovern et al., 2017; Prendergast & Humphrey,
2014). While stunted children may catch up in linear growth during the first 2 years of life, cognitive
damage seems to persist past this early period (Adair et al., 2013; Stein et al., 2010). For instance, at
age 5, children who experienced early stunting performed significantly worse on cognitive tests when
compared with children who did not experience early stunting, which has serious implications for
schooling indicators such as readiness and achievement (Casale & Desmond, 2016). Stunting is
considered a marker for social and health inequalities, and helps identify underserved communities in
which short stature is the norm (de Onis & Branca, 2016). In the latter, stunting is a pervasive process
through which there is an intergenerational effect on linear growth, meaning that short stature women
who were stunted during their infancy tend to have stunted offspring carried on from intrauterine
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growth restriction (IUGR), perpetuating the cycle of socioeconomic and health inequalities (Martorell
& Zongrone, 2012; Özaltin, Hill, & Subramanian, 2010; Prendergast & Humphrey, 2014; Solomons et
al., 2015).
Nutrition in the first 1,000 days plays a key role in achieving adequate child growth and
development (Stewart et al., 2013). Given the strong evidence of breastfeeding’s benefits, the WHO
recommends initiation of lactation within the first hour postpartum, continuing exclusive breastfeeding
during the first 6 months, and extending breastfeeding, with appropriate introduction of complementary
feeding, for up to 2 years or beyond (Chowdhury et al., 2015; Dieterich, Felice, O'Sullivan, &
Rasmussen, 2013; WHO, 2017). Among breastfeeding’s benefits, studies across LMICs (e.g., Latin
American countries such as Brazil as well as Bangladesh and Sub-Saharan African countries) have
reported a reduction in the risk of child undernutrition, with evidence for a dose-response relationship
between breastfeeding duration and reduced risk (Danaei et al., 2016; García Cruz et al., 2017; Keino et
al., 2014; Khan & Islam, 2017). According to a systematic review analyzing risk factors for child
stunting in 137 LMICs, when compared to other regions worldwide, the Latin American region
including México, displayed a higher proportion of child stunting that was attributable to discontinued
breastfeeding which was defined as any breastfeeding <6 months among children aged ≥6 months, and
to non-exclusive breastfeeding (Danaei et al., 2016). This is particularly relevant to México given that
in 2012, the country registered the lowest national prevalence of exclusive breastfeeding in the past
years in children younger than 6 months of age (14.4%, 7.9 percentage points lower than in 2006); with
the largest gap (18.4 percentage points lower than in 2006) observed in indigenous groups in the low
SES tertile living in the southern rural region of México (González de Cosío, Escobar-Zaragoza,
González-Castell, Rivera-Dommarco, 2013). Nonetheless, overall breastfeeding initiation and median
duration of any breastfeeding remained stable from 2006 (90.4%, 10.4 months) to 2012 (93.7%, 10.2
months) (Gonzalez de Cossío et al., 2013; Gutiérrez et al., 2012).
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While nutrition plays a key role in preventing child stunting, according to findings from several
studies, other risk factors have been identified, such as IUGR and low birthweight, childhood recurrent
infections, maternal short stature and underweight, low SES and food insecurity, higher count of
children aged <5 years per household, lack of access to healthcare and education, and environmental
factors mostly related to unimproved water, sanitation and hygiene systems (WASH) (Akombi et al.,
2017; Cumming & Cairncross, 2016; Danaei et al., 2016; Dearden et al., 2017; El Taguri et al., 2009;
Keino, Plasqui, Ettyang, & van den Borne, 2014; Khan & Islam, 2017; Kuchenbecker et al., 2015;
Lartey, 2015; Nguyen et al., 2013; Prendergast & Humphrey, 2014; Rachmi, Agho, Li, & Baur, 2016;
Shamah-Levy et al., 2017; Slemming, Kagura, Saloojee, & Richter, 2017; Stewart et al., 2013; Titaley
et al., 2019). Therefore, stunting emerges from complex multidimensional and multilevel risk factors
which are presented by the WHO’s model on stunting. This model, developed by an experts committee,
depicts how distal factors (e.g., community and societal factors) influence proximal factors (e.g.,
household characteristics and maternal behaviors) and how these impact childhood linear growth,
ultimately producing stunting and its related comorbidities with short- and long-term consequences
(Stewart et al., 2013). The conceptual framework used for this chapter was grounded in the
aforementioned WHO model and is portrayed in figure 3.1.
Study Purpose and Aims
From a life course perspective, it is relevant to examine the association between breastfeeding
and stunting in México while sequentially controlling for previously identified individual, household
and area risk factors in children aged 0 to 35 months. We hypothesized that children breastfed ≥6
months would have lower risk of being stunted when compared to those who were breastfed <6 months
while accounting for risk factors. We also hypothesized that the effect of breastfeeding on stunting
would vary by SES given that resources, environmental conditions, and public services may vary
across different SES settings (Castro-Porras et al., 2018; Stewart et al., 2013). Findings from this study
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could provide information that aids policy makers, researchers, and healthcare professionals in México
to develop, adapt or modify social welfare programs, interventions, and policies that help reduce child
stunting.
Methods
We used the same curated dataset from the Mexican National Health and Nutrition Survey 2012
(ENSANUT 2012) which was used in chapter 2 adding new risk factors for stunting which are
described in the measures section. Our final sample included individual, household and area risk factors
for child stunting on 2,500 singleton children aged 0 to 35 months old (Figure 2.2.).
Measures
Table 3.1. summarizes the measures used in this chapter which are described in the following
paragraphs.
Breastfeeding. During the child feeding interview, women were asked, “Did you ever breastfeed your
child? If so, do you still breastfeed? If not, for how long did you breastfeed?” Additionally, women
were asked whether they breastfed their child yesterday (status quo method (Gutiérrez et al, 2012)).
From this information, we generated a 4-category breastfeeding duration variable: never breastfed, any
breastfeeding for <6 months, still breastfeeding aged <6 months, any breastfeeding for ≥6 months.
While most studies have used a 3-category breastfeeding variable (e.g., never breastfed, breastfed for
<6 months, breastfed for ≥6 months), we generated a fourth category given that a group of children
aged <6 months were still breastfeeding though were not compatible with the other 3-categories (i.e.,
we could not ascertain whether they would reach ≥6 months of breastfeeding and they had not yet
reached 6 months of age). Any breastfeeding was defined as receiving exclusive, predominant or partial
breastfeeding or breast-milk through bottles.
Individual factors. Child factors included age in months as continuous, sex, delivery mode (vaginal or
Cesarean-section), introduction of liquids different than breastmilk < 3 days postpartum, introduction
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of complementary foods <6 months, and birthweight which was categorized into 3 groups: normal 2.54 kg, low < 2.5 kg, and high > 4 kg (WHO, 2010). Maternal factors were age in years as continuous,
highest educational attainment, marital status (having a partner or not), parity (number of live births as
continuous), any type of self-reported diabetes, current tobacco use, and employment status. Full-time
employment was defined as working at least 40 hours per week during the past week, and formality
was defined as having a paid job with contributory social protection systems (ILO, 2014; Levy, 2008).
Both employment status and formality were combined into 5 categories. In addition, maternal weight
and height were collected by trained and standardized interviewers from NIPH as described in
ENSANUT’s methods (Gutiérrez et al., 2012). We estimated body mass index (BMI) and categorized
women as underweight when <18.5 kg/m2, normal weight 18.5 to 24.9 kg/m2, overweight 25 to 29.9
kg/m2, and obese ≥30.0 kg/m2 (WHO, 2010). We also included maternal height as an independent
variable since there is evidence for a strong association with stunting across LMICs but particularly in
Latin American countries such as Guatemala, Honduras, El Salvador, Ecuador, Perú and Bolivia in
which the fraction of child stunting attributable to short maternal stature is higher when compared to
other regions (Danaei et al., 2016; Solomons et al., 2015). Moreover, short stature in Mexican women
has been associated with lower SES, lower attained education, and greater marginalization when
compared to taller counterparts (Castro-Porras et al., 2018). We further classified maternal height as
short stature if it was ≤148.5 cm, which corresponds to the lowest quartile for adult women in México
(Castro-Porras et al., 2018).
Household factors. These included number of children aged <5 years per household as continuous and
grandparents cohabiting. The rationale for including these 2 variables has been provided in the
measures section in chapter 2. SES was estimated by ENSANUT through principal component
analysis, using household conditions, number of people living in the household, basic household
infrastructure, and number of domestic appliances to categorize households as low, medium and high.
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Measurement of food security was estimated by ENSANUT using an adapted 15-item questionnaire of
the Latin American and Caribbean Food Security Scale, which categorized households into 4 clusters
(secure, and insecure mild, moderate and severe), and we re-categorized into 3 groups by collapsing
moderate and severe insecurity (Gutiérrez et al., 2012; Perez-Escamilla, Paras, & Hromi-Fielder, 2008).
Additionally, for this chapter we included drainage type as a proxy for WASH systems given that these
factors have been strongly associated with stunting in LMICs (Cumming & Cairncross, 2016; Danaei et
al., 2016). Drainage system included sewer, septic, and other types of systems; the latter were mostly
described as house-made structures draining into close-by land or waterbody sources.
Area factors. These were regions in México (i.e., north, central, metropolitan -México City-, and
south), and density population (urban and rural). According to the survey’s design, urban was defined
as community population size ≥ 2,500 individuals and rural as < 2,500 (Gutiérrez et al., 2012). These 2
were combined into a 7-category variable and a rationale for this combination was provided in the
measures section in chapter II.
Child stunting. Trained and standardized interviewers from the NIPH measured height or length in
centimeters (cm) following protocols to reduce systematic errors (Lohman, Roche, & Martorell, 1988).
Children younger than 24 months of age were measured recumbent, referred to as length, and those
aged 24 months or older were measured standing, referred to as height. Recumbent length was
measured using an infantometer with a fixed head-piece, a horizontal backboard and an adjustable footpiece; height was measured using a stadiometer (Gutiérrez et al., 2012). We analyzed children
anthropometry from raw data provided by ENSANUT using the STATA restricted macro from the
WHO growth standards (de Onis, 2006; WHO, 2011). Data flagged as biologically implausible were
excluded according to WHO guidelines (LfA-z <-6 or >6) (WHO, 2011). Our outcome variable was
stunting defined, according to global consensus, as length/height-for-age under –2 standard deviations
(SD) of the WHO child growth standards median referred to as LfA-z-score (de Onis, 2006).
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Analytical Approach
We computed a series of analyses to examine the associations between breastfeeding duration,
individual, household, and area factors with child stunting. Frequencies, weighted percentages and
means, Pearson’s chi-square tests, and unadjusted logistic regression models were used to examine
bivariate associations. We then assessed the association between child stunting and breastfeeding
duration first in a bivariate model (not adjusting for any of the covariates) and then controlling for
individual, household and area covariates using sequential stepwise logistic regression models (Models
1-4). In the fully-adjusted model, we tested an interaction to assess whether the association between
stunting and breastfeeding duration differed by SES. The interaction was not significant (p>0.05) and
results are shown in supplemental table 3.1. We estimated the variance inflation factors (VIF) for each
adjusted model to test for high intercorrelations between the independent variables and found no
evidence for multicollinearity problems (i.e., our model’s tolerance values (1/VIF) were all >0.4).
According to Mehmetoglu & Jakobsen (2017), a multicollinearity problem may be identified when the
tolerance values are <0.2 which will likely result in less reliable point estimates.
While model 4 (fully-adjusted) included a fixed effect by area factors allowing to compare the
odds ratios for child stunting by areas-regions, it did not account for the multilevel structure in the
subset. This means that we have one maternal-child dyad per household (level-one, N=2,500) nested
within areas-regions in México (level-2, N=7). Multilevel modelling would account for the fact that
child-mother dyads from a given area-region share a frame of reference, and that there may be
differences between areas-regions. Consequently, we computed model 5 using a mixed-effects 2-level
logistic regression analysis to account for area factors variance and tested the association between
breastfeeding duration and child stunting while allowing a random intercept by area factors. The
rationale for including a multilevel model has been exposed in the analytic approach section in chapter
2.
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Data were analyzed using the statistical package STATA SE version 15.1 (STATA Corporation,
Texas, U.S) and statistical package R (RStudio). In STATA, survey commands were used to account
for the probabilistic survey design including children sampling weights, primary sampling units (PSU)
and strata (Gutiérrez et al., 2012). In RStudio, children sampling weights were included in the
multilevel model.
Results
In this subsample, 94.5% of Mexican children initiated breastfeeding, 59.0% received any
breastfeeding for ≥6 months, and 10.8% were stunted (Table 2.2.).
Unadjusted Stunted analyses
According to bivariate analyses (Table 3.2.), females were less likely to be stunted (unadjusted
odds ratio (UOR) 0.66, 95% confidence interval (CI) 0.46-0.95). In contrast, older children, those with
low birthweight, and those who were introduced complementary foods <6 months were more likely to
be stunted (UOR 1.03, 95% (CI) 1.02-1.05; 3.96, 95% CI 2.27-6.93; 1.49, 95% CI 1,03-2.13,
correspondingly). When compared to their corresponding reference groups, we found no maternal
protective factors; however, maternal risk factors for child stunting were low education (UOR 1.91,
95% CI 1.07-3.42), self-identifying as indigenous (UOR 1.82, 95% CI 1.24-2.65), higher parity (UOR
1.16, 95% CI 1.05-1.28), and short-stature (UOR 3.01, 95% CI 1.99-4.54). Regarding household
factors and compared to their corresponding reference groups, grandparents cohabiting was protective
against child stunting (UOR 0.64, 95% CI 0.44-0.92); in contrast, low SES (UOR 1.83, 95% CI 1.202.77), moderate to severe food insecurity (UOR 2.28, 95% CI 1.36-3.82), and having other types of
drainage systems (UOR 2.03, 95% CI 1.20-3.41) were risk factors for child stunting. Regarding area
factors, when compared to living in the north-urban area, children living in México City and in the
south-rural region were at higher risk for stunting (UOR 2.79, 95% CI 1.41-5.53; 2.80, 95% CI 1.664.71, accordingly).
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Stepped Stunting Analyses
As presented in Table 3.3., we found evidence for consistent risk and protective factors for child
stunting across models. According to model 1, compared to children breastfed for <6 months, those
never breastfed and breastfed for ≥6 months were more likely to be stunted (UOR 2.48, 95% CI 1.095.62; 1.79, 95% CI 1.08-2.95, correspondingly); in contrast, children aged <6 months and still
breastfeeding were less likely to be stunted (UOR 0.28, 95% CI 0.09-0.84). Only the former association
was maintained in models 3 and 4 with similar direction and effect size. In model 2, compared to their
reference groups, females were less likely to be stunted (adjusted odds ratio (AOR) 0.62, 95% CI 0.420.93) and, in contrast, children were more likely to be stunted when they were low birthweight and
when maternal stature was considered short (AOR 3.38, 95% CI 1.86-6.12; 3.14, 95% CI 1.95-5.07,
respectively). These 3 associations were maintained throughout all models with similar direction and
effect size. In model 3, additional to the abovementioned relationships and compared with their
reference groups, risk factors for child stunting were higher household count of children aged <5 years
and living in moderate to severe food insecure households (AOR 1.48, 95% CI 1.02-2.16; 2.05, 95% CI
1.16-3.61). These 2 associations were maintained in models 4 and 5 with similar direction and effect
size. We found no further associations in model 4. Additional risk factors for child stunting in model 5
were child being older, mothers self-identifying as indigenous and maternal tobacco use (AOR 1.02,
95% CI 1.01-1.04; 1.42, 95% CI 1.04-1.95; 1.76, 95% CI 1.05-2.97); and additional protective factors
were mothers being overweight, obese, or taller (AOR 0.71, 95% CI 0.51-0.99; 0.66, 95% CI 0.440.98; 0.55, 95% CI 0.36-0.85). Level-2 (7 areas-regions) variance in model 5 was 1.60-29 (standard
error (SE) 7.87-15) with an intraclass correlation coefficient (ICC) of 4.85-30 (SE 2.39-15).
Discussion
Among a nationally-representative subsample of children in México, we found that in 2012,
10.8% of children aged 0 to 35 months were stunted. We found no evidence for a protective effect of
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breastfeeding for ≥6 months on stunting but those who were never breastfed were at higher odds for
stunting when compared to those who were breastfed <6 months. There was no differential effect of
breastfeeding duration on stunting by household SES as we had hypothesized. We were able to confirm
previously described risk and protective factors described in the literature.
According to our results, the odds for stunting increased as child age increased, which coincides
with previous findings (Akombi et al., 2017; Titaley et al., 2019). There are several plausible
mechanisms that may help explain this association. As children grow older, they are exposed to diverse
and new environmental and dietary factors. Particularly around the introduction of complementary
feeding or weaning, the transition from exclusive, predominant or partial breastfeeding to foods and
liquids different than breast-milk, puts children at higher risk for non-innocuous exposures. When
WASH or food systems fail to support non-innocuous complementary feeding, children are exposed to
pathogens or other environmental contaminants that cause diarrhea and recurrent infections which have
been previously linked to stunting (Cumming & Cairncross, 2016; Danaei et al., 2016; Dearden et al.,
2017). In agreement with several scholars, we identified a lower risk for females to be stunted (Akombi
et al., 2017; El Taguri et al., 2009; García Cruz et al., 2017; Keino et al., 2014; Slemming et al., 2017;
Titaley, Ariawan, Hapsari, Muasyaroh, & Dibley, 2019). There is no consensus or clear mechanism for
this association, however it may be partially explained through maternal fetal environment and
differential growth trajectories by gender. In the uterus, male fetuses invest greater resources in growth
being at a higher risk of becoming undernourished and eventually being born with low birthweight and
plausible linear growth failure (Di Renzo, Rosati, Sarti, Cruciani, & Cutuli, 2007; Eriksson, Kajantie,
Osmond, Thornburg, & Barker, 2010).
Moreover and coinciding with our results, lower birthweight typically resulting from IUGR has
been previously identified as one of the leading risk factors with the highest attributable burden of
stunting across LMICs (Danaei et al., 2016; García Cruz et al., 2017; Rachmi et al., 2016). However, it
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is worth emphasizing that in our analytic sample we could not identify whether low birthweight was
due to IUGR, preterm birth or other possible etiologies given that gestational age was not available.
Regarding maternal factors, we found evidence that mothers who self-identified as indigenous had
higher odds for stunted children, which had been reported in a previous analysis using 4 waves of
ENSANUT (Rivera-Dommarco, Cuevas-Nasu, González de Cosío, Shamah-Levy, & García-Feregrino,
2013). The social, health and economic gaps that indigenous communities in México face have been
consistently reported, and such gaps widen even more for indigenous women (CONEVAL, 2018).
Additionally, in our sample, the highest proportion of short stature women was found among
indigenous women, which further aggravates their situation given that maternal short stature has been
consistently identified as a risk factor for stunting (Danaei et al., 2016; MAL-ED Network
Investigators, 2017; Martorell & Zongrone, 2012; Özaltin et al., 2010; Solomons et al., 2015).
Similarly, we found maternal short stature to be associated with higher odds of stunted offspring,
regardless of SES or mothers self-identifying as indigenous. This supports the intergenerational effect
of early undernutrition, which is intertwined with lower living conditions and the widening of health,
social and economic disparities. Using nationally-representative data, Castro-Porras and colleagues
(2018) reported that women with short stature in México (i.e., height ≤148.5 cm) were identified in the
most vulnerable groups: low SES and education, and greater marginalization; shared conditions with
indigenous groups (CONEVAL, 2018). We also found evidence that overweight or obese mothers were
less likely to have stunted children. Regarding household factors, higher count of children aged <5
years was associated with child stunting. This finding has been previously described and it may be
indicative of sub-optimal breastfeeding and competition for food and other resources which may
ultimately lead to child stunting in these households (García Cruz et al., 2017; Titaley et al., 2019). We
also identified that moderate to severe food insecurity was associated with child stunting, which is
consistent with findings from México and other LMICs (Agho et al., 2019; Moradi et al., 2019;
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Shamah-Levy et al., 2017; Stewart et al., 2013). All these multilevel conditions describe the context in
which children fail to thrive against stunting.
Children who were never breastfed were at higher risk for stunting compared to those breastfed for
<6 months. Studies using data from LMICs, including countries in Latin America, Asia, and SubSaharan Africa, identified that the longer the child is breastfed the lower the risk for stunting (Danaei et
al., 2016; García Cruz et al., 2017; Kuchenbecker et al., 2015). According to these studies
breastfeeding had a protective effect against stunting mainly explained, at the individual-level, by its
immune-protective factors which help strengthen the child immature immune system (Cacho &
Lawrence, 2017; Dieterich, Felice, O'Sullivan, & Rasmussen, 2013). Any breastfeeding, rather than
exclusive breastfeeding, may have a protective effect only in higher living contexts where communities
have access to improved WASH systems (Danaei et al., 2016). An improved WASH system is broadly
defined at household-level as having drinking water accessible, free from contamination and available
when needed, non-shared toilets or other human waste systems, safely managed wastewater, and
available basic handwashing facilities with soap and water (UNICEF & WHO, 2019). Lower SES and
marginalized communities with unimproved WASH systems, as well as non-innocuous complementary
feeding may overpower children’s immature immune system and breast-milk’s immune-protective
properties leading to recurrent episodes of diarrhea, and higher exposure to other non-diarrheal
enteropathogens and environmental risk factors (Cumming & Cairncross, 2016; Danaei et al., 2016;
Dearden et al., 2017; MAL-ED Network Investigators, 2017; UNICEF & WHO, 2019). Accordingly,
diahrrea and unimproved WASH systems were among the leading causes of stunting across LMICs
(Danaei et al., 2016). Our results have shown that children who were never breastfed were at higher
risk for stunting, and other scholars have described that any type of breastfeeding could protect against
child stunting through different mechanisms, mainly by reducing diarrheal episodes and other
infectious diseases (Danaei et al., 2016; Lamberti et al., 2011). Finally, it is possible that the lack of an
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association between any breastfeeding for ≥6 months and stunting is dependent on other communityand higher-level factors which were not measured. In a systematic review examining the distribution of
LfA-z-scores using 179 demographic and health surveys from 64 countries, authors described that, in
general, children in LMICs experienced slower linear growth compared to the international standards in
higher-income countries (HIC) (Roth et al., 2017). They recommended that child stunting in LMICs
should not be attributable to high-risk subgroups or individual-level risk factors, but to community- and
higher-level conditions which, most likely, are prevalent throughout LMICs. Further research is needed
to prevent and reduce child stunting in LMICs by including the latter factors. Such approach may
provide finely detailed information that is comparable among LMICs so researchers may better
understand child LfA trajectories to ultimately deliver evidence-based strategies pertinent to these
contexts.
When accounting for the 2-level structure in our subsample (Model 5), we found the same
associations with similar direction and effect size than those in model 4, plus additional associations
that had been previously identified and have been discussed in previous paragraphs. As mentioned in
chapter 2, conservative scholars have argued that in order to have reliable estimates in 2-level models,
researchers should apply the 30-30 or 50-20 rules; while others argue that even when these rules are not
met, ignoring the multilevel structure and assuming that the group variance is zero would not be
advisable (Robson & Pevalin, 2016). While our dataset did not support the abovementioned rules (i.e.,
we had 7 level-2 groups and 100 minimum level-one observations per group, 7-100), we decided to
compare a fixed-effects fully-adjusted model (Model 4) with a mixed-effects 2-level model with
random intercept at area factors (Model 5). For comparison purposes, we computed some fit statistic
tests. The likelihood ratio test versus logistic model yielded a p>0.05 and the ICC estimate was 4.85-30.
The first value indicates that there were no statistical differences in the estimates between models 4 and
5. The ICC value provides the variance in the model which is explained by differences between areas73

regions. While there seems to be no objective cut-off values for ICC, which ranges from 0-1, some
scholars have recommended that a value ≤0.10 may indicate that a multilevel model would not be
adequate, which is our case; nonetheless, most scholars have argued that this should not justify
disregarding multilevel models particularly when nesting is straightforward such as with our subsample
(Robson & Pevalin, 2016).
Several efforts have been implemented on a global scale to prevent and end early undernutrition,
including child stunting. According to a systematic review, conditional cash transfers (CCT) in LatinAmerica have shown to be effective against child stunting by addressing access to healthcare, maternal
and child nutrition, and immunization coverage (Owusu-Addo & Cross, 2014). Other strategies
targeting individual-level factors such as nutritional interventions have also been shown to be
protective (Pearson et al., 2018). However, CCT programs or nutritional interventions may not mitigate
child stunting if they are isolated from other systems such as unimproved WASH systems (Cumming &
Cairncross, 2016; Danaei et al., 2016; de Souza Cruz, Barroso Azevedo de Moura, & Soares Neto,
2017; Stewart et al., 2013). In México, for the past decades, the main anti-poverty strategy of the
federal government was a CCT program currently referred to as Prospera which offered cash transfers
to the poorest families conditional on regular school attendance and family healthcare visits as well as
provision of nutritional supplements for pregnant and lactating women and their children. Overall, this
program has helped improve child health and developmental outcomes (Barber & Gertler, 2008;
Fernald, Gertler & Neufeld, 2008); however, it has not yet yielded significant results in reducing
stunting in the most vulnerable population (i.e., southern rural México with the highest concentration of
indigenous communities and the highest prevalence of child stunting) (Garcia-Parra et al., 2015;
Garcia-Parra et al., 2016). We hypothesize that this may be the result of contextual factors such as
unimproved WASH systems in this marginalized region of México given that in previous systematic
reviews, unimproved sanitation was among the leading causes of stunting in LMICs (Danaei et al.
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2016; MAL-ED Network Investigators, 2017). México’s current government, installed in December
2018, has prioritized 30 social welfare programs and projects aiming to provide a network that supports
the most vulnerable individuals by reactivating the national economy from the bottom and serving all
(Gobierno de México, 2019). According to the available information at the time this dissertation was
written, none of these programs particularly supported women with children aged <1 year. There is one
program that provides bimonthly cash transfers to working women with children aged 1 to 4 years
mainly to support childcare while mothers/caregivers work. However, some of these programs support
overall wellbeing using diverse strategies and it will be fundamental to monitor and evaluate the impact
of these social policies on child malnutrition, including stunting, as well as to have a clear panorama on
the future direction of previously launched programs such as Prospera.
ENSANUT 2012 provided the most recent cross-sectional child feeding and anthropometry data
representative of rural and urban areas at a national level through which we estimated stunting and
breastfeeding duration in México. Using this dataset allowed us to examine diverse individual,
household and area risk factors that have been described in the WHO conceptual model for stunting,
which were included in this chapter’s conceptual framework. Moreover, one of the strengths of using
ENSANUT is that anthropometric data (child and maternal length/height and weight) were not selfreported, but measured by trained personnel using age-pertinent protocols. This allowed us to estimate
children’s z-scores according to the WHO’s multicenter study, which included growth data from
breastfed children in HICs and LMICs (WHO, 2011).
Limitations
As described in chapter 2, the primary limitation of cross-sectional analyses is that we cannot
rule out reverse causation nor assess the temporality of some risk or protective factors preceding child
stunting. We acknowledge that this limits the scope of the study to solely describe associations where
statistical evidence was found. Beside the limitations already discussed in chapter 2, this analysis has
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some additional limitations. There were no available data on a number of relevant variables that have
been identified as key risk factors for stunting. These include prenatal tobacco exposure (we used
smoking at the time of the survey as a proxy for prenatal or pregnancy exposure), maternal nutritional
status preconception and during pregnancy and lactation, IUGR (we used birthweight as a proxy), short
birth spacing, prenatal and pregnancy healthcare quality, macro and micronutrient child deficiencies,
access to improved WASH systems (we used type of drainage systems as a proxy), and other
environmental and policy-related factors that support healthy lifestyles (Danaei et al., 2016; MAL-ED
Network Investigators, 2017; Stewart et al., 2013). Excluding the aforementioned risk factors may have
led to omitted-variable bias and underspecified models.
In conclusion, our results suggest that efforts to prevent and reduce child stunting should utilize
multi-sectorial approaches aimed at individual- and higher-level factors. As described in systematic
reviews on child stunting examining data from diverse LMICs, further research should measure
community- and higher-level risk factors for stunting; by including these factors and using multilevel
analytical approaches, models might better predict child stunting in LMICs to inform interventions and
policies. According to our results, we recommend that healthcare professionals and institutions, policy
makers, researchers and other stakeholders in México focus on pre- and post-natal efforts using
multilevel strategies. These strategies would include access to qualified antenatal healthcare in order to
prevent low birthweight with emphasis on marginalized or indigenous communities where maternal
short stature is the norm. Efforts should also focus postnatally by supporting healthy maternal
behaviors such as exclusive breastfeeding for 6 months, safe complementary feeding that fulfills
children dietary requirements from 6 months onwards, especially in areas where moderate to severe
household food insecurity is prevalent. In order to support the abovementioned maternal behaviors, at
community- and higher-levels, policies and programs should aim at enabling food systems to provide
healthy and innocuous food, improving or providing safe WASH systems where not yet available,
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extending paid-maternity-leave up to 6 months with adequate support systems and policies that enable
breastfeeding continuation and find solutions to support breastfeeding among informally-employed
women (Danaei et al. 2016; MAL-ED Network Investigators, 2017; Stewart et al., 2013). While these
interventions would benefit all families, efforts to end stunting should target environments with
evidence of intergenerational effects of undernutrition (i.e., maternal short stature with off-spring low
birthweight), and food insecure households with higher density of children aged <5 years in
marginalized areas.
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Table 3.1. Description of study variables for chapter 3
Coding

Definition

Individual factors
Child
Stunted

0. No
1. Yes

Age
Sex

Continuous
0. Male
1. Female
1. Normal
2. Low
3. High
0. Vaginal
1. C-section
5. Never breastfed
6. Any bf <6 months
7. Still bf aged <6
months
8. Any bf ≥6 months
0. No
1. Yes
2. No
3. Yes

Birthweight

Delivery mode
Breastfeeding duration

Very early introduction of
liquids
Early complementary
feeding

Length-for-age-z-score (LfA-z-score), for sex, <-2
standard deviations according to WHO growth
standard median
Children’s age in months
Sex assigned at birth
Reported birthweight in kg or obtained from birth
certificates and categorized in 3 groups: Normal 2.54, Low < 2.5, High > 4
Self-reported delivery mode
Any breastfeeding was defined as receiving
exclusive, predominant or partial breastfeeding, or
being fed breastmilk.

Introduction of liquids different than breastmilk
within 3 days postpartum
Introduction of liquids different than water or
breastmilk, semi-solid or solid foods before 6
months of age

Maternal
Age
Employment

Education

Partner Status

Ethnicity
Parity
Body Mass Index (BMI)

Continuous
1. Not working
2. Part-time informal
3. Part-time formal
4. Full-time informal
5. Full-time formal
5. ≤ 9th grade
6. 9-11 grade
7. High school
8. Some college or >
0. No
1. Yes

0. Non-indigenous
1. Indigenous
Continuous
1. Underweight
2. Normal weight

Maternal age in years
Did not work last week
Part-time <40 hrs/week
Full-time ≥40 hrs/week
Formality was defined as having a paid job with
contributory social protection systems
Self-reported formal education as last year
completed

Self-reported marital/partner status. Living with
partner and married were considered as having a
partner. Separated or divorced, widowed, or single
as not.
Self-identification as indigenous
Number of live births
BMI (kg/m2) in 4 groups:
Underweight < 18.5
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3. Overweight
4. Obese
Height/Stature

Diabetes (any type)
Tobacco use
Household factors
Children aged <5 years
Grandparents in the
household
Socio-economic Status

Food Insecurity

Drainage system

Area factors
Region / Area Density

1.
2.
3.
0.
1.
0.
1.

≤ 148.5
148.6 – 157.8
≥ 157.9
No
Yes
No
Yes

Continuous
0.
1.
1.
2.
3.
1.
2.
3.
4.
1.
2.
3.

No
Yes
Low
Medium
High
Secure
Mild
Moderate
Severe
Sewer
Septic
Other

1.
2.
3.
4.
5.
6.
7.

North/Urban
North/Rural
Center/Urban
Center/Rural
Metropolitan/Urban
South/Urban
South/Rural

Normal 18.5-24.9
Overweight 25-29.9
Obese ≥ 30
Standing height/stature in cm. The first group is
considered as short stature for women in México
Any type of self-reported diabetes
Maternal current tobacco use

Number of children aged <5 years cohabiting,
including the child
One or more grandparents cohabiting
Socioeconomic score in tertiles, calculated through
principal component analysis
Food insecurity as defined by the Latin American
and Caribbean Food Security Scale

Other systems were mostly described as house-made
structures draining into close-by land or waterbody
sources
Regions of México divided by density.
Rural < 2,500 population size
Urban ≥ 2,500 population size
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Table 3.2. Predictors for stunting (frequencies, weighted percentages and means with standard
deviations) among children aged 0 to 35 months (N=2,500)
%/
Mean (SD)
10.8

Overall
Individual factors

Stunting
Unadjusted OR
(95% CI)

Child
Age (months)
Sex

20.5 (8.7) 1.03 (1.02-1.05)***
Male
Female

12.5
8.7

1
0.66 (0.46-0.95)*

Birthweight
Normal & High
Low

9.1
1
28.4 3.96 (2.27-6.93)***

Delivery mode
Vaginal
C-section
Introduction of liquids different than
breastmilk ≤3 days postpartum
No
Yes
Complementary foods <6 months
No
Yes
Maternal
Age (years)
Employment
Not working
Part-time informal
Part-time formal
Full-time informal
Full-time formal
Education
≤ Primary
Some secondary or secondary
Some high school or high school
Some college or >
Partner status
No
Yes
Ethnicity
Non-indigenous
Indigenous
Parity (number of live births)

11.4
10.0

1
0.87 (0.59-1.27)

12.0
9.2

1
0.74 (0.50-1.10)

8.8
12.6

1
1.49 (1.03-2.13)*

28.4 (6.2)

1.02 (0.99-1.05)

10.9
13.3
9.5
9.8
10.2

1
1.25 (0.47-3.28)
0.85 (0.44-1.66)
0.88 (0.46-1.69)
0.93 (0.36-2.38)

14.7
11.1
8.3
5.8

1.91 (1.07-3.42)*
1.39 (0.78-2.49)
1
0.69 (0.23-2.08)

10.5
10.8

0.96 (0.56-1.67)
1

9.4
15.8
2.6 (1.5)

1
1.82 (1.24-2.65)**
1.16 (1.05-1.28)**
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Stunting
%/
Unadjusted OR
Mean (SD)
(95% CI)
BMI
Underweight
Normal weight
Overweight
Obese

9.7
12.4
9.9
9.5

0.76 (0.27-2.13)
1
0.78 (0.50-1.21)
0.74 (0.46-1.21)

Height (cm)
(Short stature) ≤ 148.5
148.6 – 157.8
≥ 157.9
Self-reported diabetes (any type)
No
Yes
Current tobacco use
No
Yes
Household factors
Number of children aged <5 years
Grandparent(s) cohabiting
No
Yes
Socioeconomic status
Low
Medium
High
Food insecurity
Secure
Mild
Moderate to Severe
Drainage system
Sewer
Septic
Other
Area factors
Region / Area Density
North/Urban
North/Rural
Center/Urban
Center/Rural
Metropolitan/Urban
South/Urban
South/Rural

22.8 3.01 (1.99-4.54)***
8.9
1
6.0
0.65 (0.37-1.14)
10.5
17.9

1
1.85 (0.70-4.90)

10.6
12.1

1
1.16 (0.60-2.23)

1.5 (0.6)

1.25 (0.91-1.71)

12.1
8.0

1
0.64 (0.44-0.92)*

14.8
8.7
7.9

1.83 (1.20-2.77)**
1
0.90 (0.51-1.59)

7.4
9.5
15.4

1
1.31 (0.79-2.17)
2.28 (1.36-3.82)**

9.8
11.2
18.1

1
1.15 (0.78-1.71)
2.03 (1.20-3.41)**

7.1
1
7.1
1.00 (0.40-2.54)
7.9
1.13 (0.61-2.12)
9.2
1.33 (0.73-2.41)
17.6 2.79 (1.41-5.53)**
8.4
1.21 (0.70-2.10)
17.5 2.80 (1.66-4.71)***

*p0.05, **p0.01, ***p0.001
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Table 3.3. Models (odds ratios and 95% confidence intervals) to assess the association between breastfeeding duration and individual,
household and area factors, with stunting in Mexican children aged 0 to 35 months (N=2,500)
Model 1
Bf duration (Ref. Bf<6)
Never breastfed
Still breastfeeding aged <6 months
Any breastfeeding ≥6 months
Individual factors
Child
Age (months)
Sex (Ref. Male)
Female
Birthweight (Ref. Normal & High)
Low
Delivery mode (Ref. Vaginal)
C-section
Introduction of liquids ≠ than
breastmilk ≤3 days postpartum
(Ref. No)
Yes
Complementary foods <6 months
(Ref. No)
Yes
Maternal
Age (years)
Employment (Ref. Not working)
Part-time informal
Part-time formal
Full-time informal
Full-time formal
Education (Ref. High school)
≤ Primary
Some secondary or secondary
Some college or >
Partner status (Ref. No)
Yes
Ethnicity (Ref. Non-indigenous)
Indigenous
Parity (number of live births)
BMI (Ref. Normal weight)

2.48 (1.09-5.62)*
0.28 (0.09-0.84)*
1.79 (1.08-2.95)*

Model 2

Model 3

Model 4

Model 5

2.24 (0.96-5.20)
0.34 (0.10-1.07)
1.36 (0.82-2.25)

2.44 (1.02-5.81)*
0.33 (0.10-1.06)
1.34 (0.83-2.16)

2.50 (1.07-5.82)*
0.31 (0.10-1.03)
1.34 (0.83-2.18)

1.70 (0.88-3.27)
0.30 (0.11-1.01)
1.36 (0.89-2.09)

1.01 (0.99-1.04)
0.62 (0.42-0.93)*

1.01 (0.99-1.03)
0.61 (0.41-0.92)*

1.01 (0.99-1.03)
0.61 (0.41-0.92)*

1.02 (1.01-1.04)*
0.86 (0.65-1.14)

3.38 (1.86-6.12)***

3.39 (1.85-6.20)***

3.19 (1.75-5.83)***

3.25 (2.22-4.77)***

0.92 (0.62-1.36)

0.91 (0.61-1.37)

0.91 (0.60-1.37)

0.80 (0.59-1.09)

0.81 (0.53-1.24)

0.83 (0.55-1.25)

0.90 (0.61-1.33)

1.01 (0.75-1.38)

1.27 (0.87-1.86)

1.36 (0.92-2.02)

1.35 (0.90-2.02)

1.33 (0.99-1.79)

1.00 (0.97-1.04)

1.01 (0.97-1.05)

1.01 (0.97-1.05)

1.00 (0.97-1.03)

1.53 (0.61-4.80)
0.79 (0.41-1.52)
1.45 (0.70-3.03)
1.01 (0.39-2.61)

1.61 (0.68-3.81)
0.83 (0.43-1.62)
1.70 (0.82-3.53)
1.12 (0.44-2.82)

1.65 (0.74-3.65)
0.86 (0.43-1.68)
1.78 (0.85-3.73)
1.07 (0.43-2.64)

1.14 (0.58-2.22)
0.91 (0.54-1.53)
1.46 (0.85-2.50)
0.90 (0.43-1.90)

1.61 (0.83-3.14)
1.61 (0.92-2.82)
0.86 (0.30-2.43)
1.10 (0.66-1.82)

1.41 (0.72-2.76)
1.56 (0.88-2.77)
0.84 (0.30-2.38)
1.05 (0.63-1.75)

1.44 (0.73-2.88)
1.59 (0.89-2.83)
0.87 (0.31-2.40)
1.02 (0.62-1.69)

1.27 (0.79-2.03)
1.27 (0.82-1.95)
0.53 (0.23-1.23)
1.02 (0.65-1.59)

1.24 (0.81-1.90)
0.98 (0.81-1.18)

1.22 (0.78-1.90)
0.95 (0.79-1.14)

1.20 (0.76-1.91)
0.96 (0.80-1.15)

1.42 (1.04-1.95)*
0.99 (0.87-1.14)
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Model 1
Underweight
Overweight
Obese
Height (cm) (Ref. 148.6-157.8)
≤ 148.5
≥ 157.9
Diabetes (any type) (Ref. No) Yes
Current tobacco use (Ref. No) Yes
Household factors
Number of children aged <5 years
Grandparent(s) cohabiting
(Ref. No)
Yes
Socioeconomic status
(Ref. Medium)
Low
High
Food Security (Ref. Secure)
Mild Insecure
Moderate to Severe Insecure
Drainage system (Ref. Sewer)
Septic
Other
Area factors
Region/Area Density (Ref. N/U)
North/Rural
Center/Urban
Center/Rural
Metropolitan/Urban
South/Urban
South/Rural

Model 2
0.67 (0.21-2.14)
0.63 (0.39-1.00)
0.60 (0.36-0.99)*

Model 3
0.70 (0.20-2.42)
0.65 (0.41-1.02)
0.62 (0.38-1.02)

Model 4
0.70 (0.20-2.46)
0.66 (0.42-1.05)
0.65 (0.40-1.06)

Model 5
0.82 (0.35-1.93)
0.71 (0.51-0.99)*
0.66 (0.44-0.98)*

3.14 (1.95-5.07)***
0.67 (0.39-1.17)
2.22 (0.87-5.65)
0.70 (0.38-1.29)

3.13 (1.95-5.02)***
0.64 (0.37-1.12)
2.33 (0.94-5.75)
1.77 (0.88-3.57)

3.05 (1.90-4.90)***
0.66 (0.38-1.14)
2.26 (0.96-5.31)
1.67 (0.85-3.28)

3.09 (2.23-4.27)***
0.55 (0.36-0.85)**
1.29 (0.58-2.83)
1.76 (1.05-2.97)*

1.48 (1.02-2.16)*

1.48 (1.02-2.12)*

1.41 (1.07-1.87)*

0.69 (0.45-1.07)

0.70 (0.45-1.09)

0.85 (0.59-1.21)

1.12 (0.69-1.82)
1.15 (0.63-2.12)

1.07 (0.65-1.74)
1.10 (0.60-2.02)

1.05 (0.74-1.48)
1.07 (0.67-1.70)

1.36 (0.79-2.34)
2.05 (1.16-3.61)*

1.33 (0.77-2.29)
1.97 (1.12-3.47)*

1.14 (0.76-1.70)
1.50 (1.01-2.29)*

0.95 (0.60-1.50)
1.33 (0.67-2.67)

0.90 (0.53-1.51)
1.27 (0.58-2.80)

0.95 (0.67-1.34)
1.23 (0.78-1.94)

0.92 (0.32-2.63)
0.95 (0.50-1.82)
1.15 (0.55-2.41)
1.72 (0.85-3.45)
0.90 (0.74-2.99)
1.49 (0.74-2.99)

Variance
1.60-29 (SE 7.87-15)
ICC 4.85-30
(SE 2.39-15)

Model 1 examined the association between breastfeeding and child stunting without adjusting for any of the covariates; models 2 through 4, sequentially, adjusted for individual,
household, and area factors. Model 5 examined the association between breastfeeding and child stunting using a 2-level logistic approach. *p0.05, **p0.01, ***p0.001
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Supplemental Table 3.1. Fully adjusted model (odds ratios and 95% confidence intervals) to assess
whether the effect of breastfeeding duration on child stunting differed by socioeconomic status (SES)
in Mexican children aged 0 to 35 months (N=2,500)

Bf duration (Ref. bf<6)

Never breastfed
Still breastfeeding aged <6 months
Any breastfeeding ≥6 months

Stunted
Adjusted OR
95% CI
2.82 (0.73-10.92)
0.18 (0.02-1.74)
1.21 (0.47-3.12)

Individual factors
Child
Age (months)
Sex (Ref. Male)
Female
Birthweight (Ref. Normal & High)
Low
Delivery mode (Ref. Vaginal)
C-section
Introduction of liquids ≠ than breastmilk ≤3 days postpartum (Ref. No) Yes
Complementary foods <6 months (Ref. No)
Yes
Maternal
Age (years)
Employment (Ref. Not working)
Part-time informal
Part-time formal
Full-time informal
Full-time formal
Education (Ref. High school)
≤ Primary
Some secondary or secondary
Some college or >
Partner status (Ref. No)
Yes
Ethnicity (Ref. Non-indigenous)
Indigenous
Parity (number of live births)
BMI (Ref. Normal weight)
Underweight
Overweight
Obese
Height (cm) (Ref. 148.6-157.8)
≤ 148.5
≥ 157.9
Diabetes (any type) (Ref. No)
Yes
Current tobacco use (Ref. No)
Yes
Household factors
Number of children aged <5 years
Grandparent(s) cohabiting (Ref. No)
Yes
Socioeconomic status (Ref. Medium)
Low
High
Food Security (Ref. Secure)
Mild Insecure
Moderate to Severe Insecure
Drainage system (Ref. Sewer)
Septic
Other

1.01 (0.99-1.04)
0.62 (0.41-0.94)*
3.17 (1.72-5.85)***
0.88 (0.58-1.32)
0.92 (0.62-1.38)
1.32 (0.88-1.98)
1.01 (0.97-1.05)
1.59 (0.71-3.53)
0.83 (0.42-1.63)
1.78 (0.81-3.90)
0.97 (0.41-2.28)
1.47 (0.74-2.92)
1.63 (0.92-2.89)
0.86 (0.32-2.33)
0.99 (0.60-1.64)
1.22 (0.78-1.31)
0.95 (0.79-1.13)
0.65 (0.18-2.35)
0.65 (0.41-1.03)
0.65 (0.40-1.06)
2.91 (1.84-4.59)***
0.65 (0.37-1.12)
2.31 (0.96-5.56)
1.77 (0.91-3.47)
1.53 (1.06-2.21)*
0.72 (0.46-1.12)
0.82 (0.23-2.92)
1.05 (0.33-3.37)
1.25 (0.73-2.13)
1.87 (1.07-3.29)*
0.87 (0.52-1.44
1.25 (0.57-2.74)
84

Area factors
Region/Area Density (Ref. North/Urban)

North/Rural
Center/Urban
Center/Rural
Metropolitan/Urban
South/Urban
South/Rural

0.95 (0.33-2.72)
1.02 (0.53-1.94)
1.18 (0.56-2.48)
1.78 (0.87-3.62)
0.95 (0.48-1.88)
1.53 (0.75-3.11)

Never breastfed x Low
Never breastfed x High
Still breastfeeding aged <6 months x Low
Still breastfeeding aged <6 months x High
Any breastfeeding ≥6 months x Low
Any breastfeeding ≥6 months x High

0.37 (0.05-2.83)
1.68 (0.29-9.86)
3.11 (0.20-47.35)
0.45 (0.02-10.68)
1.47 (0.35-6.15)
0.89 (0.22-3.60)

(Breastfeeding)x(SES)

*p0.05, **p0.01, ***p0.001
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Figure 3.1. Conceptual framework for child stunting

*Logistic regression models were used to be able to compare among the 7-category area variable. Nonetheless, taking into
account households nested within areas, a logistic regression two-level mixed-effects model by area was also computed.
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Chapter IV. Cross-national comparison examining breastfeeding and child malnutrition among
Mexicans
Background and Theoretical Framework
Child malnutrition remains unresolved affecting over two-hundred-and-thirty million children
younger than 5 years of age worldwide (UNICEF, 2019). The World Health Organization (WHO) has
estimated that malnutrition contributes to more than one third of child mortality (WHO, 2011a). Using
anthropometric indicators, child malnutrition is defined as overweight (including obesity) and
undernutrition for those stunted and/or wasted (UNICEF, 2019). The prevalence of child overweight
has increased over the past few decades across low-, middle-, and high-income countries affecting over
forty-million children worldwide, and increasing the risk for later-life chronic diseases, such as type 2
diabetes and hypertension (Black et al., 2013; UNICEF, 2019). In contrast, child stunting reflects linear
growth failure and it is the most prevalent form of undernutrition worldwide affecting over onehundred-and-forty million children mostly in low-and middle-income countries (LMICs) (UNICEF,
2019). While the worldwide prevalence of stunting has decreased over time, the number of children
still affected is unacceptable, and its long-term health, cognitive and economic consequences pose a
public health concern (Black et al., 2013; Casale & Desmond, 2016; McGovern, Krishna, Aguayo, &
Subramanian, 2017). Metabolic, social, and environmental risk factors during the first 1,000 days (i.e.,
conception through the first 2 years of life) and beyond have been shown to lead to child malnutrition
(Danaei et al., 2016; Woo Baidal et al., 2016). Consequently, understanding these risk factors is crucial
to informing evidence-based policies and interventions that ultimately help address the United Nations’
sustainable development goal of ending child malnutrition by 2030 (Boerma et al., 2018; UNICEF,
2019).
Breastfeeding has been associated with positive maternal and child health outcomes (Chowdhury et
al., 2015; Victora et al., 2016). Among the breastfeeding benefits, some scholars report a reduction in
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the risk of child malnutrition with evidence for a dose-response relationship between breastfeeding
duration and reduced risk for child overweight (Arenz, Rückerl, Koletzko, & von Kries, 2004;
Dieterich, Felice, O'Sullivan, & Rasmussen, 2013; Harder, Bergmann, Kallischnigg, & Plagemann,
2005; Hawkins, Cole, & Law, 2009; Lefebvre & John, 2014; Owen, Martin, Whincup, Smith, & Cook,
2005; Stolzer, 2011; Victora et al., 2016; Wang, Collins, Ratliff, Xie, & Wang, 2017; Yan, Liu, Zhu,
Huang, & Wang, 2014), and stunting (García Cruz et al., 2017; Khan & Islam, 2017; Kuchenbecker et
al., 2015; Stewart, Iannotti, Dewey, Michaelsen, & Onyango, 2013). Mechanisms underlying these
associations are primarily explained through 3 protective effects of breastfeeding: active feeding and
self-regulation, reduction of non-innocuous feeding behaviors by caregivers, and delivery of bioactive
factors which contribute in regulating children’s appetite and metabolism as well as confer immune
protection (Bartok & Ventura, 2009; Dieterich et al., 2013). Most studies and systematic reviews have
analyzed data from high-income countries (HICs) and commonly examined the association between
any breastfeeding and child overweight since stunting is less prevalent (de Onis & Branca, 2016).
Studies in LMICs have not consistently found protective effects of breastfeeding duration on child
overweight (Araújo, Victora, Hallal, & Gigante, 2006; Borges Neutzling et al., 2009; Martin et al.,
2013; Novaes, Lamounier, Colosimo, Franceschini, & Priore, 2011). In contrast, the association
between breastfeeding and reduced child stunting has been mostly consistent in LMICs (García Cruz et
al., 2017; Kuchenbecker et al., 2015).
In México, an upper-middle-income country clustered within the LMICs category (The World
Bank, 2019a), the prevalence of childhood overweight was 9.7% in children younger than 5 years of
age in 2012 (Gutiérrez et al., 2012). This has been the highest point estimate over the past few decades.
In contrast, the national prevalence of stunting in the same age bracket has decreased over the past few
decades (26.9% in 1988 versus 13.6% in 2012), yet is still affecting a large number of children and is
the most prevalent form of child malnutrition in México (Gutiérrez et al., 2012). In the US, a HIC (The
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World Bank, 2019a), Mexican-American children have higher prevalence of early overweight when
compared to all racial/ethnic groups (15.4% versus 13.1% in children aged ≤24 months) (Davis, Li,
Adams-Huet, & Sandon, 2017). Overall, the 2012 prevalence of stunting in the US among children
younger than 5 years of age was lower (2.1%) than the aggregated prevalence in HICs worldwide
(2.7%); however, it was higher among Hispanic children (6.1%), but significantly lower when
compared to Mexican nationals (13.6%) (Gutiérrez et al., 2012; Iriart, Boursaw, Rodrigues, & Handal,
2013; The World Bank, 2019b).
According to national data from 2012-2013, the prevalence of breastfeeding initiation was higher in
México (93.7%) than in the US (81.1%), with continued breastfeeding at 12 months being 35.5%
versus 30.7%, respectively (CDC, 2016; González de Cosío, Escobar-Zaragoza, González-Castell,
Reyes-Vázquez, & Rivera-Dommarco, 2013; Gutiérrez et al., 2012). In contrast, exclusive
breastfeeding for 6 months was lower in México at 14.4% than in the US at 22.3% (CDC, 2016;
González de Cosío, Escobar-Zaragoza, González-Castell, Reyes-Vázquez, & Rivera-Dommarco, 2013;
Gutiérrez et al., 2012). Overall, breastfeeding rates in the US vary significantly across race/ethnicity
(Anstey, Chen, Elam-Evans, & Perrine, 2017; Jones, Power, Queenan, & Schulkin, 2015). Hispanic
women had higher levels of breastfeeding initiation at 81.9% versus non-Hispanic White women at
81.5%. In contrast, Hispanics had lower levels of exclusive breastfeeding for 6 months at 18.2% than
non-Hispanic White children at 22.5%; yet, higher levels than their Mexican national counterparts
(14.4%) (Anstey et al., 2017; Gutiérrez et al., 2012).
México has been the single source of the largest wave of immigration in the history of the US in
absolute numbers (Passel, Cohn, & Gonzalez-Barrera, 2012). Prior to the 1980s, most of the growth of
Mexican-origin population in the US was sourced from US-births from Mexican-Americans. Since the
1980s, the wave of migration from México to the US peaked and around 2012, after decades in which
México sourced around 12 million immigrants (Mexican-born population), the net migration flow
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appeared to have stopped and maybe reversed. This phenomenon is explained through various
socioeconomic and political factors in both countries, including social norms shifts in México reversing
the desirability to migrate particularly for young rural men (Passel, Cohn, & Gonzalez-Barrera, 2012;
Villarreal, 2014). Nonetheless, the number of Mexican-Americans continued to increase given this
population’s births in the US which summed around 22 million in 2012 (US-born population). Overall,
in the US around 35% of Mexican-Americans are Mexican-born and 65% are US-born yet half of these
have at least one immigrant parent (Passel, Cohn, & Gonzalez-Barrera, 2012). In sum, when examining
Mexican-American population, researchers should acknowledge the complex cultural processes
involved.
Cultural perspectives may help explain differences in health behaviors and outcomes, such as
breastfeeding and child malnutrition, between Mexican and Mexican-American children (AbraídoLanza, Chao, & Flórez, 2005; Alidu & Grunfeld, 2018; Luecken, Jewell, & MacKinnon, 2017; PérezEscamilla, 2011). Culture is an iterative dynamic process fed by human experiences which contributes
to shaping contexts and societies. While there are multiple cultural perspectives, no single one explains
its effects on human behaviors (Rogers, 2016). Mexican nationals may deal with diverse regional
cultures and ethnic identities (e.g., self-identifying as part of an indigenous group in México) but are
grounded within one country’s identity, ideology and systems. Self-identified Mexican-Americans,
sourced from an original nurturing system (i.e., México), have been exposed to an acculturation process
which entails adapting to a new system of norms and beliefs from a host culture (i.e., US), having to
deal with dual cultural perspectives. According to the minorities’ dual perspective, they are grounded in
two cultural systems: the nurturing system represents proximal structures (e.g., family) from which
individuals experience traditions, values, beliefs, language among other cultural components; and the
sustaining system which represents the dominant or host culture (e.g., political, economic, and
educational systems) (Norton, 1978; Rogers, 2016).
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Another critical concept of the Mexican-American experience is acculturation, which may be
broadly defined as “the process by which individuals adapt to a new living environment and potentially
adopt the norms, values, and practices of their new host society” (Abraído-Lanza, Armbrister, Florez,
& Aguirre, 2006). Mexican-Americans have been exposed to an acculturation process in lesser or
greater degrees. In particular, scholars have examined how Hispanic, including Mexican-Americans,
acculturation to the US has affected their health behaviors and outcomes and have described the
immigrant health paradox, which is often referred to as the Hispanic paradox. This phenomena posits
that first generation minorities (i.e., foreign-born and typically low-acculturated), generally migrating
from LMICs to HICs, have healthier behaviors compared to their native-born counterparts; and as
acculturation increases, the protective effect diminishes (Abraído-Lanza, Echeverría, & Flórez, 2016;
Alidu & Grunfeld, 2018; Luecken et al., 2017; Pérez-Escamilla, 2011; Sam & Berry, 2010; Teruya &
Bazargan-Hejazi, 2013; Ward & Geeraert, 2016). The Hispanic paradox has helped explain differences
in some health behaviors and outcomes between low acculturated first generation Mexican immigrant
families and high acculturated US-born counterparts (e.g. lower risk for child and adolescent obesity in
the former when compared to the latter); in contrast, it fails to explain other health phenomena, such as
mental health, in which there are often fewer mental health problems among US-born counterparts
(Teruya & Bazargan-Hejazi, 2013; Zhang, Liu, Diggs, Wang, & Ling, 2019). Alternative explanations
have been described and include the healthy migrant hypothesis, the salmon bias, and other multiple
acculturative processes (Goldman et al., 2014; Teruya & Bazargan-Hejazi, 2013; Zhang et al., 2019).
The healthy migrant hypothesis poses that immigrants are positively selected for healthy behaviors
and outcomes. The underlying assumption is that voluntary migration is undertaken mostly by healthy
individuals (Teruya & Bazargan-Hejazi, 2013). The salmon bias posits a selective attrition of unhealthy
foreign-born Hispanic individuals emigrating from the host country, though inflating the average
immigrants’ population health in the host country (Palloni & Arias, 2004). Finally, multiple
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acculturative processes may have different effects by race/ethnicity. For instance, as explained by the
acculturative stress hypothesis, Mexican origin immigrants experience discrimination and stress since
they are perceived as low status by US society (Goldman et al., 2014).
According to the all of the abovementioned evidence, when using cultural perspectives as potential
explanatory constructs for health behaviors and outcomes among Mexican-American immigrants,
scholars should consider diverse perspectives and theories.
Research examining the immigrant health paradox, acculturation or other cultural perspectives in
Hispanics in the US, including Mexican-Americans, often use a variety of measures, including country
of birth (US- or foreign-born), language preference (Spanish or English), length of stay in the US, or
validated scales such as the Acculturation Rating Scale for Mexican-Americans-II (ARSMA-II)
(Cuellar, Arnold, & Maldonado, 1995), among many others. These studies have found that US-born or
high-acculturated Hispanic women, including Mexican-Americans, were less likely to initiate
breastfeeding and had shorter breastfeeding durations compared to foreign-born or low-acculturated
counterparts (Fryer, Santos, Pedersen, & Stuebe, 2018; Gibson, Diaz, Mainous, & Geesey, 2005;
Gibson-Davis & Brooks-Gunn, 2006; Hawkins, Gillman, Shafer, & Cohen, 2014; Luecken et al., 2017;
Sussner, Lindsay, & Peterson, 2008; Wambach, Domian, Page-Goertz, Wurtz, & Hoffman, 2016).
Some of these scholars have also examined the association between acculturation and child
malnutrition and found that high-acculturated Hispanic women, including Mexican-Americans, were
more likely to have low birthweight offspring and later life overweight children than low-acculturated
counterparts (Luecken et al., 2017). Moreover, in recent systematic reviews examining the association
between acculturation and child overweight among immigrant families in the US and other HICs,
authors found that the effect of acculturation on child overweight differed in direction and magnitude
according to the nurturing system (i.e., traditional culture from the origin country) and the sustaining
system (i.e., host culture) (Alidu & Grunfeld, 2018; Zhang, Liu, Diggs, Wang, & Ling, 2019). In
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particular, Mexican-American children with US-born or high-acculturated parents were more likely to
be overweight than those with foreign-born or low-acculturated parents; however, these associations
were not consistently found among other racial/ethnic groups in the US such as Asian Americans
(Alidu & Grunfeld, 2018; Zhang et al., 2019). Few studies have examined the association between
acculturation and child stunting using the immigrant health paradox or other cultural perspectives.
However, some scholars found that interventions to enhance linear growth among stunted MexicanAmerican children yielded better results in low- than high-acculturated mothers (Reifsnider et al.,
2016).
Given the binational approach, this chapter was theoretically grounded in the cultural perspectives
abovementioned as well as in the WHO conceptual models and Dahlgren and Whitehead model which
have been described in chapters 2 and 3. Based in these models and perspectives, we developed a
conceptual framework which allowed examining individual and household risk factors for child
malnutrition, including overweight and stunting, in Mexican and Mexican-American children who
shared a nurturing system but were exposed to different sustaining systems at the time of the interview
and examination (Figure 4.1.).
Study Purpose and Aims
Overall, the objective of this paper was to examine the effects of breastfeeding duration and
individual and household factors on child malnutrition, including overweight and stunting, in Mexican
and Mexican-American children aged 0 to 35 months. We tested 6 hypotheses: 1) The prevalence of
child overweight will be higher in Mexican-American children with US-born household reference
compared to Mexican nationals or Mexican-Americans with foreign-born household reference; 2) The
prevalence of child stunting will be lower in Mexican-Americans overall when compared to Mexican
nationals; 3) Breastfeeding initiation and any breastfeeding for ≥6 months will be more prevalent in
Mexican children when compared to Mexican-American counterparts overall, and among Mexican102

Americans it will be higher for those with foreign-born parents; 4) Children receiving any
breastfeeding for ≥6 months will be at lower risk for overweight only in the US; 5) Children receiving
any breastfeeding for ≥6 months will be at lower risk for stunting only in México; 6) There will be
shared and differential risk or protective factors for child overweight and stunting by country.
Methods
We used nationally-representative secondary survey data from México and the US, and both
surveys are briefly described and compared in table 4.1. For data on Mexican nationals we used the
2012 Mexican National Health and Nutrition Survey (ENSANUT for its acronym in Spanish) which
has been described in chapter 2. Our final sample for Mexican nationals included risk factors for child
malnutrition on 2,500 singleton children aged 0 to 35 months old (Figure 2.2.).
For Mexican-Americans living in the US, we used the National Health and Nutrition
Examination Survey (NHANES) which is a major program of the National Center for Health Statistics
(NCHS) in the US. NHANES is a stratified, multistage nationally-representative cross-sectional survey
designed to assess the health and nutrition status for adults and children of all races/ethnicities in the
US (NCHS, 2018). The survey examines a nationally-representative sample of around 5,000
individuals each year living in different counties, including a sample of Mexican-Americans. We
pooled 4 waves of continuous NHANES (i.e., 2007-2008, 2009-2010, 2011-2012, 2013-2014) to garner
sufficient sample size of Mexican-Americans aged 0 to 35 months old and coincide with the 2012
ENSANUT survey. The pooled subset provided data on 3,812 American children. After applying the
same exclusion criteria used in ENSANUT and handling cases with missing data, the final analytic
sample included individual and household risk factors for child malnutrition on 3,345 American
children of which 879 were Mexican-American distributed across the 4 waves (Figure 4.2., and Table
4.2.). In order to assess whether the pooled NHANES dataset included comparable Mexican-American
data across the 4 waves, we ran Pearson’s chi-square tests with the wave-identifier variable and each
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one of the dependent and independent variables and found no significant differences. Moreover, in the
fully adjusted models examining Mexican-Americans, we included the wave-identifier variable and,
consistent with the Pearson’s chi-square tests, we found no statistically significant differences by wave.
In the NHANES sample, we could not ascertain if children were cared for by caregivers or
grandmothers nor identify whether children were from a multiple birth.
The Boston College Institutional Review Board considered this protocol exempt since it is a
secondary analysis of ENSANUT and NHANES data, which are de-identified and publicly available.
Measures
Table 4.3. summarizes the measures used in this chapter which are described in the following
paragraphs.
Breastfeeding. Our main independent variable was breastfeeding duration. In both surveys
breastfeeding data were collected during the home interview. In ENSANUT, interviewers applied a
child feeding questionnaire to a randomly selected group of women with children aged ≤35 months
within the previously selected households. In NHANES, interviewers applied a diet behavior and
nutrition questionnaire to all interviewees in selected households which included feeding questions for
children aged ≤72 months. In both cases, interviewers asked similar questions such as “Was (child)
ever breastfeed or fed breastmilk? If so, is (child) still breastfed or fed breastmilk? If not, how old was
(child) when stopped breastfeeding or being fed breastmilk?” While some questions were similar, only
ENSANUT included an additional probing question on whether the child had been breastfed yesterday
(status quo method (Gutiérrez et al., 2012)). This method, along with the questions abovementioned
and skip patterns, helped confirm breastfeeding status in the ENSANUT sample (Gutiérrez et al.,
2012). From the available information in each dataset, we generated a 4-category variable: never
breastfed, any breastfeeding for <6 months, still breastfeeding aged <6 months, and any breastfeeding
for ≥6 months. We had to generate a fourth category given that a group of the children aged <6 months
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were still breastfeeding though were not compatible with any of the other 3-categories (i.e., we could
not ascertain whether they would reach ≥6 months of breastfeeding neither could we include them with
children who were breastfed <6 months since they had not yet reached 6 months of age). Any
breastfeeding was defined as receiving exclusive, predominant or partial breastfeeding, or being fed
breastmilk.
Individual factors. Child age was reported at the household interview and at examination when the
latter was different than the interview day. We used child age at interview in months as a continuous
variable. Child sex was provided and recoded so that males were the reference group. For ENSANUT,
birthweight was self-reported by mothers in kilograms, and in some cases, data were retrieved from the
birth certificate (Gutiérrez et al., 2012). For NHANES, birthweight was self-reported by the household
reference person (HRP) in pounds and ounces, which we converted into kilograms. We categorized
birthweight as: low (< 2.5 kg), normal (2.5-4 kg), high (> 4 kg) (WHO, 2012). For stunted analyses, we
dichotomized birthweight into normal- and high-birthweight versus low-birthweight using the same
WHO (2012) criteria as none of the stunted children in NHANES were classified as high birthweight.
Data on complementary feeding were collected for both surveys. We conceptualized early introduction
of complementary feeding as introducing liquids different than water or breastmilk, semi-solid or solid
foods <6 months. Maternal age in years was used as a continuous variable.
Household factors. In NHANES, several household data were provided for the HRP related to each
child. NHANES defines the HRP as “the first household member aged ≥18 years listed on the
household member roster owning or renting the residence where members of the household live” (Chen
et al., 2018). While it may be possible that the HRP was actually the child’s parent it is not
ascertainable and we do not make such an assumption. All information provided by or referred to the
HRP is presented as such in this dissertation. As previously reported by other scholars, using NHANES
public data does not allow linkage between mothers and her corresponding child (Ahluwalia, Herrick,
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Paulose-Ram, & Johnson, 2014); therefore, we used HRP data where maternal data were not available
and included these variables as household factors. Country of birth was provided for the HRP. Waves
2007-2010 provided data on HRP being born in the US, México, other Spanish-speaking countries, and
other non-Spanish-speaking countries; while waves 2011-2014 only provided data on being US- or
foreign-born, probably accounting for the decrease of Mexican migration trends to the US as described
in the introduction. Therefore, we coded HRP’s country of birth across all waves as US- or foreignborn. Maternal education was provided in ENSANUT by asking women the last year of formal
education they had completed. In NHANES, this information was provided for the HRP. Maternal
(ENSANUT) and HRP education (NHANES) are both presented as: ≤9th grade, 9-11th grade, high
school, some college or higher. This education attainment grouping has been used by other scholars
who have examined and compared ENSANUT and NHANES data (Guendelman, Ritterman
Weintraub, & Kaufer-Horwitz, 2017), and this variable is consistent across chapters 2 to 4. Mothers
(ENSANUT) and HRP (NHANES) were asked their partner status, which we dichotomized as having a
partner or not. Household size, defined as the number of people cohabiting (including the child), was
used as a continuous variable. ENSANUT estimated food security by using an adapted 15-item
questionnaire of the Latin American and Caribbean Food Security Scale (ELCSA) previously validated
in México (Gutiérrez et al., 2012; Perez-Escamilla, Paras, & Hromi-Fielder, 2008). This method
categorizes households as: secure, insecure mild, insecure moderate, severe insecure. NHANES
estimated food security in households with children aged <18 years by using an 18-item questionnaire
of the US Food Security Survey Module (US-FSSM) (Bickel, Nord, Price, Hamilton, & Cook, 2000),
which allowed categorizing households as: secure, marginal secure, low secure, very low secure. We
clustered the latter 2 categories into one because in NHANES the weighted percentage of MexicanAmerican very-low-secure-households was small (<7%) and estimations yielded large confidence
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intervals. Therefore, we generated a new 3-category variable coded as food secure, mild insecure, and
moderate to severe food insecure households based on these 2 methods.
Child overweight and stunting. All anthropometric data were collected, according to each survey’s
protocol, by trained and standardized personnel (Gutiérrez et al., 2012; NHANES, 2011; Shamah-Levy,
Villalpando-Hernandez, & Rivera-Dommarco, 2006). In both cases, weight was measured using digital
scales. Recumbent length was measured using an infantometer with a fixed head-piece, a horizontal
backboard, and an adjustable foot-piece; and was recorded for all children <24 months in ENSANUT,
and for all children <48 months in NHANES. In ENSANUT, children aged 24-36 months were
measured standing referred to as height, using a stadiometer. In both surveys, child age in months was
recorded during the examination. From raw anthropometric data and child age at examination, we
generated variables and ran analyses following the STATA macro WHO growth standards’ guideline
(de Onis, 2006; WHO, 2011b). In order to standardize height/length across the 2 surveys, the macro
computed transformations meaning that recumbent length in children aged ≥24 months were converted
to standing height by subtracting 0.7 cm, generating a new variable in which all estimates for children
aged <24 months were length-based, and for those aged ≥24 months were height-based (WHO, 2011b).
We used the macro’s version which estimated z-scores and flagged biologically implausible output for
2 anthropometric indicators: weight-for-length/height-z-score (WfL-z) and length/height-for-age-zscore (LfA-z). In accordance with the WHO child growth standards median for each indicator, child
overweight (including obesity) was defined as WfL-z, for age and sex, over +2 standard deviations
(SD); and stunting as LfA-z, for sex, under –2 SD (de Onis, 2006). Data flagged as biologically
implausible were excluded according to the following criteria: WfL-z <-5 or >5 and LfA-z <-6 or >6
(WHO, 2011b).
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Analytical Approach
In order to describe the characteristics of each population (i.e., Mexican and Mexican-American
children), we computed frequencies and weighted percentages for categorical variables, and weighted
means with standard deviations (SD) for continuous variables with ratio scales. We compared the
weighted proportions and means for the 2 populations and tested whether they were significantly
different at a p-value <0.05. To examine child overweight and stunting risk and protective factors, we
computed weighted percentages and weighted means, and unadjusted odds ratios (UOR) with 95%
confidence intervals (CI) for the 2 populations. Then, we ran 4 logistic regression models for child
overweight and stunting separately. In model 1, we examined the association between breastfeeding
duration (i.e., never breastfed, any breastfeeding for <6 months, still breastfeeding aged <6 months, and
any breastfeeding for ≥6 months) and child malnutrition using the pooled Mexican and MexicanAmerican sample while controlling only for a variable that considered country of residence, and for
Mexican-Americans, whether the HRP was US- or foreign-born (i.e., Mexicans in México, MexicanAmericans with foreign-born HRP, and Mexican-Americans with US-born HRP). In model 2, we
additionally controlled for all other individual and household factors. In models 3 and 4, we ran
analyses using the Mexican and Mexican-American data independently while controlling for all
individual and household factors. For the latter group, we additionally adjusted for HRP country of
birth and for the wave-identifier variable (output for this variable was not significant and not
shown).We estimated the variance inflation factors (VIF) for each adjusted model to test for high
intercorrelations between the independent variables and found no evidence for multicollinearity
problems (i.e., our model’s tolerance values (1/VIF) were all >0.6). According to Mehmetoglu &
Jakobsen (2017), a multicollinearity problem may be identified when the tolerance values are <0.2
which will likely result in less reliable point estimates.
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Data were analyzed using the statistical package STATA SE version 15.1 (STATA Corporation,
Texas, US). Surveys commands were computed separately for each dataset according to their
corresponding analytic guidelines to account for their probabilistic design (Chen et al., 2018; Gutiérrez
et al., 2012; Johnson, Paulose-Ram, Ogden, & NCHS members, 2013). For ENSANUT, the command
used accounted for sampling weights, strata and primary sampling units (PSU) as provided in the child
feeding dataset. For NHANES, given that we pooled 4 waves, new sampling weights were generated,
according to NHANES analytic guidelines, by multiplying the 2-year weights at examination by onequarter which allowed the estimates to be representative of the US non-institutionalized civil
population at the midpoint of the combined survey period (Chen et al., 2018; Johnson et al., 2013). The
survey command used for NHANES analyses accounted for the abovementioned sampling weights,
strata and PSU. In NHANES, the HRP reported their corresponding child’s race/ethnicity as MexicanAmerican, other Hispanic, non-Hispanic White, non-Hispanic Black, and others. Among these selfreported racial/ethnic groups, NHANES probabilistic design allows examining Mexican-Americans (or
other racial/ethnic categories) as a subgroup by using subpopulation commands in the analyses
(Johnson et al., 2013). Accordingly, we used a subpopulation indicator variable which identified only
Mexican-American children (N=879). By including the subpopulation commands, the point estimates
were computed using only Mexican-Americans’ data while still retaining the whole sample (N=3,345)
to estimate the standard errors (SE) (StataCorp, 2019). For pooling ENSANUT and NHANES datasets,
we followed Kaminska and Lynn (2017) guidelines on survey-based cross-country comparisons.
According to these scholars, some of the issues to review before pooling datasets and conducting such
analyses are: sampling weights, strata and PSUs from each country’s dataset must not have missing
values, strata and PSUs must take unique values, and these 2 must have equal coding (i.e., variable type
and format). First we checked on missing sampling weights, strata or PSUs’ values and found no
issues. We then reviewed strata and PSUs values and coding and found some issues. Therefore, we
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recoded NHANES strata and PSUs given that the range of original values overlapped with
ENSANUTs. Strata in ENSANUT included 155 unique values ranging from 12 to 325, and NHANES
had 55 unique values ranging from 59 to 118. We recoded NHANES strata by summing 325 to its
original values though generated 55 new unique values ranging from 326 to 385. Regarding PSUs,
ENSANUT originally used 1,162 string unique codes ranging from M0102 to R3216, which we
recoded into 1,162 numeric values ranging from 1 to 1,162. NHANES’ PSUs had 3 unique values
ranging from 1 to 3, we recoded these by summing 1,162 to its original values though generated 3 new
unique values ranging from 1,163 to 1,165. Finally we pooled both samples into one, generating a
dataset-identifier variable and setting the survey command to account for the corresponding sampling
weights, unique strata values and unique PSUs (Kaminska & Lynn, 2017). A similar methodology has
been used by other scholars who analyzed pooled data from ENSANUT and NHANES (Guendelman,
Ritterman Weintraub, Kaufer-Horwitz, 2017).
Results
Descriptive analyses are reported in Table 4.4. We identified statistically significant differences
between the 2 populations. In Mexican children, stunting was the most prevalent form of malnutrition
(9.6% overweight versus 10.8% stunted), while for Mexican-Americans it was overweight (8.6%
overweight versus 2.0% stunted) and among the latter, child overweight most prevalent in those with a
US-born HRP (10.0%). Breastfeeding duration differed significantly in the 2 populations with a larger
proportion of Mexican-American children never breastfed (23.7% versus 5.5% in Mexicans), and in
contrast, a larger proportion of Mexican children being breastfed for ≥6 months (59.0% versus 23.4%
in Mexican-Americans). Among Mexican-Americans, the prevalence of breastfeeding initiation and
any breastfeeding for ≥6 months was higher in those with foreign-born HRP compared to their US-born
counterparts (80.1% and 27.8% versus 71.0% and 17.2%, correspondingly). The proportion of Mexican
children introduced with complementary foods <6 months was lower versus Mexican-Americans
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(52.6% versus 79.7%) with the highest proportion observed in those with a foreign-born HRP (81.3%).
Education-wise, the proportion of mothers with some college or higher degree was significantly higher
among US-born HRP compared to their foreign-born or Mexican counterparts. Finally, almost half of
Mexican-American children lived in food secure households compared to only one quarter of Mexican
children; however, the highest proportion of moderate to severe food insecurity was observed in
Mexican-American households with a foreign-born HRP. All other individual and household factors
were not significantly different between the 2 populations. Country of birth was only reported for
Mexican-American children, with the majority (58.4%) having a foreign-born HRP.
Child Overweight Analyses
As presented in Table 4.5., 9.6% of Mexican children and 8.6% of Mexican-American children
were overweight. Overall, the overweight prevalence was not significantly different in Mexican and
Mexican-American children. However it was most prevalent among Mexican-American children with
US-born HRP (10.0% versus 7.5% in those with foreign-born HRP), nonetheless this difference was
not statistically significant. In unadjusted estimates for Mexican and Mexican-Americans, being
classified as high birthweight was a risk factor for child overweight (UOR 2.76, 95% CI 1.59-4.81;
UOR 2.68, 95% CI 1.26-5.65, accordingly). No other individual or household factors were associated
with child overweight in either population.
Across the first 3 models in Table 4.6., compared to children who were breastfed <6 months,
we found evidence for a protective effect of any breastfeeding for ≥6 months on child overweight. In
model 4, we identified a negative trend between any breastfeeding for ≥6 months and child overweight
but the 95% CI included the null value. In the pooled analyses in model 2, in addition to the protective
effect of breastfeeding for ≥6 months, Mexican-American children were less likely to be overweight
when they had a foreign-born HRP compared to Mexicans (AOR 0.62, 95% CI 0.39-0.99). Across
models 2 to 4, children were more likely to be overweight when birthweight was high compared to
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normal (AOR 2.73, 95% CI 1.73-4.32; AOR 2.77, 95% CI 1.59-4.83; AOR 2.46, 95% CI 1.08-5.59,
correspondingly). No other individual or household factors were associated with child overweight in
models 2 to 4.
Child Stunting Analyses
As presented in Table 4.7., 10.8% of Mexican children and 2.0% of Mexican-American
children were stunted, showing a statistically significant difference. In unadjusted models for both
Mexicans and Mexican-Americans, being classified as low birthweight was a risk factor for stunting
(UOR 3.96, 95% CI 2.27-6.93; UOR 5.56, 95% CI 2.24-13.84, accordingly). Additionally, Mexican
children were more likely to be stunted when: they were older (UOR 1.03, 95% CI 1.01-1.04), they
were introduced complementary foods <6 months (UOR 1.49, 95% CI 1.03-2.13), maternal education
was ≤9th grade compared to high school (UOR 1.91, 95% CI 1.07-3.42), and they lived in moderate to
severe food insecure households (UOR 2.28, 95% CI 1.36-3.82). In contrast, Mexican females were
less likely to be stunted (UOR 0.66, 95% CI 0.46-0.95). In unadjusted models for Mexican-American
children, no further associations were found with individual or household factors.
As shown in Table 4.8., compared to children who were breastfed <6 months, we found no
evidence for an association between any breastfeeding for ≥6 months and child stunting, except in
model 1 in which we did not control for individual or household factors. In model 1, compared to
Mexican children, Mexican-Americans with foreign- or US-born HRP were less likely to be stunted
(AOR 0.15, 95% CI 0.08-0.31; AOR 0.22, 95% CI 0.10-0.46, respectively); these associations were
maintained in model 2 with similar direction and magnitude. In models 2 and 3, females were less
likely to be stunted (AOR 0.61, 95% CI 0.44-0.86; AOR 0.63, 95% CI 0.44-0.92, respectively). Across
models 2-4, both Mexican and Mexican-American children were more likely to be stunted when
birthweight was low compared to normal/high (AOR 3.77, 95% CI 2.25-6.31; AOR 3.33, 95% CI 1.875.91; AOR 5.48, 95% CI 1.85-16.29, respectively). In model 3, Mexican children were more likely to
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be stunted when they lived in a moderate to severe food insecure household (AOR 1.92, 95% CI 1.113.32). Finally, in model 4 Mexican-American children were less likely to be stunted when the HRP
reported having no partner (AOR 0.32, 95% CI 0.11-0.90). No other individual or household factors
were associated with child stunting.
Discussion
Among nationally representative data of Mexican children, we found evidence for a protective
effect of any breastfeeding for ≥6 months on child overweight when compared to those breastfed <6
months. This association was similar in direction but not significant when analyzing MexicanAmerican children which may be related to the smaller sample size in this group. In contrast, among
nationally representative data of both populations, we found no evidence for a protective effect of
breastfeeding on child stunting on models with adjusted individual and household factors. As
hypothesized, we found that the prevalence of breastfeeding initiation and any breastfeeding for ≥6
months was significantly higher in Mexican nationals versus Mexican-American children; and among
the latter, children with foreign-born HRP were more likely to initiate and continue breastfeeding than
their US-born counterparts. These results are consistent with other studies and national reports that
have described a higher prevalence of breastfeeding practices in México (except for exclusive
breastfeeding for 6 months) (CDC, 2016; González de Cosío et al., 2013), as well as in MexicanAmerican children with foreign-born or less-acculturated parent(s) (Gibson et al., 2005; Gibson-Davis
& Brooks-Gunn, 2006; Hawkins et al., 2014; Sussner et al., 2008). This could be explained by the dual
cultural and acculturation perspectives meaning that México’s nurturing system supports breastfeeding
initiation and duration (Cartagena et al., 2014; Swigart et al., 2017), these breastfeeding behaviors
prevail mostly among low-acculturated Mexican women in the US, and alternatively, high-acculturated
Mexican women choose to adopt child feeding behaviors in the US sustaining system.
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We hypothesized that the prevalence of child overweight would vary by country, particularly
that it would be higher among Mexican-American children, according to previous findings in
systematic reviews (Alidu & Grunfeld, 2018; Zhang et al., 2019). However, we found no statistically
significant differences between populations. Contrary to our findings, the literature has described that
country of birth is a strong predictor for child overweight among Mexican-Americans, proposing that
first generation Mexican immigrant families (i.e., foreign-born parent(s)) may be more resistant to the
obesogenic environment in the sustaining system (i.e., US) compared to second or further generations
who would be more likely to have overweight children (Flórez, Dubowitz, Saito, Borges, & Breslau,
2012; Pérez-Escamilla, 2011). While this immigrant health paradox posits that greater acculturation
would theoretically increase obesogenic behaviors (e.g., lower breastfeeding exposure, higher fat
intake, and lower fruit and vegetable consumption) (Alidu & Grunfeld, 2018; Delavari et al., 2013;
Neuhouser, Thompson, Coronado, & Solomon, 2004; Sussner et al., 2008), the Mexican environment
has become increasingly obesogenic in the past decade probably no longer providing the sustaining
system theoretical protective effect (Barquera, Hernández-Barrera, Rothenberg, & Cifuentes, 2018). It
is possible that overweight gaps between Mexican children in both countries are narrowing due to
changes in health behaviors driven by globalization and in the rising obesogenic environment in
México (Barquera et al., 2018; Swinburn et al., 2011). It may also be possible that other unmeasured
cultural aspects are pulling estimates towards the null meaning that when using culture to explain
health behaviors and outcomes one should account for more than one cultural perspective or
measurement. This could be a potential limitation since we only accounted for HRP country of birth
(i.e., foreign- and US-born HRP) as acculturation measure. There are validated and reliable scales to
measure acculturation such as the ARSMA-II, nonetheless, data to estimate ARSMA scores were not
available in our subset. We found high birthweight to be a significant risk factor for child overweight
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across pooled and independent models, and this has been consistently reported in systematic reviews
(Gaillard et al., 2013; Taveras, 2016; Woo Baidal et al., 2016).
In contrast, we found differences in the prevalence of child stunting by country. As
hypothesized, the prevalence of child stunting was significantly lower among Mexican-Americans.
Additionally, in the adjusted analyses for stunting, low birthweight remained as a significant risk factor
across all models. Low birthweight, resulting from intrauterine growth restriction (IUGR), has been
previously identified in systematic reviews as one of the leading risk factors with the highest
attributable burden of stunting across LMICs (Danaei et al., 2016; García Cruz et al., 2017). As
mentioned in the discussion section in chapter 3, our analytic sample did not provide information on
the etiology for low birthweight (e.g., IUGR or preterm birth) nor provided data on gestational age.
Consequently we could not ascertain whether low birthweight in our sample was due to IUGR.
According to the World Bank (2019b) and UNICEF (2019), there are substantial differences in
the prevalence of child stunting between LMICs and HICs. In LMICs with high rates of socioeconomic
and health inequalities, such as México, the overall national prevalence of stunting may appear low
when compared to other higher-burden countries (e.g., Guatemala with a national prevalence for child
stunting ≥30%), yet it disproportionately affects the most vulnerable population (Ortiz-Hernández,
Pérez-Salgado, & Tamez-González, 2015; UNICEF, 2019). Our findings showed that living in a HICcontext significantly reduced the probability of being stunted among Mexican children. Plausible paths
to the protective effect against stunting in HICs may include improved nutrition and prenatal care
within the first 1,000 days, which help prevent IUGR and low birthweight; as well as improved water,
sanitation and hygiene systems (WASH), which help reduce diarrhea and infectious diseases
(Cumming & Cairncross, 2016; Danaei et al., 2016; Dearden et al., 2017). All of these are key
individual- and higher-level factors to prevent and end stunting (Danaei et al., 2016). Shared learnings
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from HICs and other LMICs that have decreased the prevalence of child stunting would help end
stunting (de Onis & Branca, 2016).
In agreement with other scholars, we identified that females were less likely to be stunted
(Akombi et al., 2017; El Taguri et al., 2009; García Cruz et al., 2017; Slemming, Kagura, Saloojee, &
Richter, 2017). There is no consensus on the underlying mechanism, but scholars have described that it
is likely related to maternal fetal environment and differential intrauterine growth trajectories by gender
(Di Renzo, Rosati, Sarti, Cruciani, & Cutuli, 2007; Eriksson, Kajantie, Osmond, Thornburg, & Barker,
2010).
According to our results, Mexican children living in moderate to severe food insecure
households were at higher risk for stunting which has been consistently described in LMICs (Stewart,
Iannotti, Dewey, Michaelsen, & Onyango, 2013). In a recent review analyzing 30 studies from LMICs,
the majority found evidence for this association reporting that children’s nutritional status in food
insecure households was affected by compromising the quantity and quality of their dietary intake
(Maitra, 2018). Except for children aged ≤6 months and being exclusively breastfed, this would affect
children’s growth trajectories most likely resulting in undernutrition.
Our findings supported the protective effect of breastfeeding on child overweight only in
Mexican children. Our results coincide with a study in México that found such an association
(Ramirez-Silva et al., 2015), and with several others (Arenz et al., 2004; Harder et al., 2005; Hawkins
et al., 2009; Lefebvre & John, 2014; Owen et al., 2005; Stolzer, 2011; Wang et al., 2017; Yan et al.,
2014). We had hypothesized that any breastfeeding for ≥6 months would be protective against child
overweight in Mexican-Americans, and protective against child stunting in Mexican children but we
failed to reject both null hypotheses. There are several plausible explanations for these findings, and
one of the main reasons may be that estimations in the Mexican-American subset may have sample size
issues, while the direction of the association between breastfeeding and child overweight points to a
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protective effect, it misses significance due to the confidence interval including the null value (Polit,
1996). Additionally, the majority of studies and systematic reviews that have found a protective effect
of breastfeeding against child overweight have been conducted with HIC data in the general population
and not stratified by race/ethnicity (Arenz et al., 2004; Harder et al., 2005; Hawkins et al., 2009;
Lefebvre & John, 2014; Owen et al., 2005; Stolzer, 2011; Wang et al., 2017; Yan et al., 2014). It may
also be plausible that previously identified associations in HICs were spurious and reflected residual
confounding factors related to both breastfeeding and child malnutrition, partially or fully explaining
these associations (Bartok & Ventura, 2009). Other reasons may be that while the Mexican nurturing
system supports breastfeeding initiation and continuation, it also favors early introduction of
complementary liquids and foods that ultimately result in higher bodyweights (Cartagena et al., 2014;
Swigart et al., 2017). Even though breastfeeding is prevalent, so are other culturally-rooted unhealthy
behaviors that may be promoting child overweight in Mexican-American children (Aceves Martins,
Llauradó, Tarro, Solà, & Giralt, 2016; Foster & Hale, 2015; Sosa, 2012; Swigart et al., 2017).
Moreover, it may be plausible that we did not find evidence for an association in MexicanAmerican children since we could not distinguish between children who were fed at the breast and
those receiving expressed breastmilk through bottles. While both feeding methods provide breastmilk,
the former has shown to confer the strongest protection against early overweight mainly explained
through child actively suckling and energy self-regulation, actions not present when bottle feeding
regardless of content (Azad et al., 2018; Li, Fein, & Grummer-Strawn, 2010). However, this situation
would have affected both Mexican and Mexican-American outcomes. Breastfeeding data for MexicanAmericans (NHANES) may not be as reliable as that for Mexicans (ENSANUT), mainly due to the
collection method (i.e., NHANES did not include the status quo method which, overall, helps confirm
breastfeeding status), and to respondent misclassification (i.e., in ENSANUT mothers provided this
information while in NHANES it was the HRP, who could have been the mother or not). Both surveys
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had respondent’s recall bias with regards to breastfeeding data and this is discussed in the limitations
section below. Regarding the lack of evidence for a protective effect of breastfeeding on stunting, there
are also several plausible explanations. As described in the WHO conceptual framework for stunting,
this condition is the result of complex multilevel associations and interactions (Stewart, Iannotti,
Dewey, Michaelsen, & Onyango, 2013). We acknowledge having underspecified models for stunting
with omitted-variable bias particularly because of unaccounted factors related to maternal data (e.g.,
anthropometry), higher-level variables such as community and health factors (e.g., WASH systems),
and other qualitative measures (e.g., quality of pre- and post-natal healthcare, and quality of
complementary child feeding).
By using ENSANUT (2012) and pooling 4 waves of NHANES (2007-2014), we were able to
compare risk and protective factors for child malnutrition between 2 nationally-representative samples
of Mexican and Mexican-American children at a similar point-in-time (2010-2012). One of the
strengths of using these 2 surveys is that the outcome variables (child overweight and stunting) were
not self-reported but measured by trained personnel using age-pertinent protocols. This allowed us to
estimate z-scores according to the WHO’s multicenter study, which included growth data from children
in HICs and LMICs (WHO, 2011b). Coinciding with our theoretical approach, several studies and
systematic reviews have examined breastfeeding behaviors and/or child malnutrition among immigrant
populations using the minorities’ dual and acculturation perspectives, as well as other cultural lenses
(Alidu & Grunfeld, 2018; Chapman & Pérez-Escamilla, 2012; Delavari, Sønderlund, Swinburn,
Mellor, & Renzaho, 2013; Hawkins et al., 2014; Pérez-Escamilla, 2011; Sussner, Lindsay, & Peterson,
2009; Sussner et al., 2008; Zhang et al., 2019). These cultural perspectives help frame and explain
differences between populations in their home- and host-countries, and in the latter, among foreign- or
native-born populations (Alidu & Grunfeld, 2018; Delavari et al., 2013; Sussner et al., 2009; Sussner et
al., 2008; Zhang et al., 2019).
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Limitations
We identified several limitations mostly related to the cross-sectional design of both surveys
and the methods/instruments used to collect data. We could not rule out reverse causation and for many
factors we could not assess the temporality of risk or protective factors preceding child malnutrition.
We acknowledge that the cross-sectional design of the 2 surveys does not allow our models to be
predictive and limits the scope of the study to solely describe associations where statistical evidence
was found. Breastfeeding data were collected at the time of the interview with children’s age ranging
from 0 to 35 months. We could not use breastfeeding as a continuous variable. We relied on maternal
(ENSANUT) and HRP (NHANES) recall of child feeding practices with some cases still breastfeeding
and others reporting retrospective data from weeks up to 3 years. Scholars who have studied
respondent’s recall bias on retrospectively-collected breastfeeding data suggest that studies exploring
breastfeeding practices be conducted either prospectively or within <1 month following weaning
(Gillespie, d'Arcy, Schwartz, Bobo, & Foxman, 2006). We acknowledge that respondent recall bias on
breastfeeding practices is likely present. Finally, while some questions on breastfeeding were similar,
they were not identical and NHANES did not use the status quo method (Gutiérrez et al., 2012).
Additionally, as identified by other scholars, publicly available NHANES does not allow linking
maternal and child data. Hence, we could not examine relevant maternal risk factors for child
malnutrition such as maternal obesity or short stature (Danaei et al., 2016; Woo Baidal et al., 2016),
and for other risk factors such as achieved education, we used the HRP data as a proxy for maternal
education. Another limitation was that we could not include higher than household-level data since area
and geographic data in NHANES were not publicly available. In contrast, area-level data were
available for ENSANUT (i.e., urban, rural, and regional-level data). However, to be consistent across
the 2 surveys used in this analysis, we did not include area-level data for ENSANUT. Another issue
was non-comparability of some measures. For example, ENSANUT measured a proxy for household
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socioeconomic status (SES) through principal component analysis, using household conditions, number
of people living in the household, basic household infrastructure, and number of domestic appliances to
categorize households as low, medium and high (Gutiérrez et al., 2012); whereas, NHANES measured
ratio of family income to poverty as a proxy for household SES estimated by dividing family income
by the poverty guidelines specific to family size, corresponding year and state (Johnson et al., 2013).
While both measures provide valuable household-level information, they are not comparable and were
not included. When available and comparable, a proxy for household SES should be included in the
analyses since trends for the burden of child overweight in México and in minority groups within HICs
(e.g., Mexicans in the US) seem to be shifting towards groups in lower SES and this should be
accounted for (Hernández-Cordero et al., 2017; Jones-Smith, Gates Dieckmann, Gottlieb, Chow, &
Fernald, 2014). Another limitation was that NHANES did not include several measures for
acculturation though we could not use scales that have proven to be reliable and valid such as the
ARSMA-II, we used only one measure (i.e., foreign- and US-born HRP) most likely missing detailed
information on acculturation.
Finally, cross-country analyses using non-consistent complex survey designs and collection
methods are challenging. In the pooled analyses, while we accounted for each survey design by using
sampling weights and unique strata and PSUs values, we are aware that both survey designs are not
equivalent and that the pooled model may have biased estimates of standard errors (Kaminska & Lynn,
2017). This is why there is an increasing movement for surveys that apply the same criteria and
measurements across countries to be comparable and yield unbiased estimates, such as the European
Social Survey (ESS ERIC, 2019). However, these analytical perspectives may be feasible only when
shared funding structures allow such cross-country analysis (e.g., the ESS in the European Union).
Additionally, cross-cultural differences may also pose challenges given that the reliability and validity
of measurement instruments may vary in diverse populations. Using objective and reliable
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measurement instruments that have been validated and adapted across countries as well as applying
analytical strategies, such as that proposed by Kaminska & Lynn (2017), may be plausible solutions
when conducting cross-country comparative analyses.
In conclusion, according to our results, we found evidence for a protective effect of
breastfeeding on child overweight among children in México and we found no evidence for an
association between breastfeeding and child stunting in neither population. The cross-sectional design
of both surveys and the breastfeeding data collection methods limit our conclusions. As hypothesized,
we identified differences between countries in risk and protective factors for child malnutrition, which
may help inform evidence-based, policies and interventions. While stunting is still a concern in
México, when exposed to HIC-contexts, like the US, the prevalence of stunting decreases considerably
among Mexican-American children. Further exploration is needed to identify which contextual factors
in the US play major roles in decreasing stunting among Mexican-Americans. These shared learnings
may benefit the source population from which stunting cases are most prevalent. Interventions in the
US targeting child malnutrition among Hispanic/Mexican-American children have yielded the strongest
positive effects in children with foreign-born and/or low-acculturated mothers (Moreno et al., 2016;
Reifsnider et al., 2016). Consequently, Mexican-American children with foreign-born parent(s), who
may be low-acculturated, would likely benefit the most from interventions that prevent the adoption of
unhealthy behaviors in the US (Alidu & Grunfeld, 2018). According to our results, policy makers,
healthcare systems, researchers, and other stakeholders in both countries, should adapt/develop and
implement culturally-sensitive policies and interventions which focus on women prenatally to prevent
high- and low-birthweight offspring (both risk factors for child malnutrition), and postnatally to
maintain and promote positive maternal health behaviors, including breastfeeding. Implementing and
evaluating these evidence-based strategies across countries would help contribute to the United
Nations’ sustainable development goal to end child malnutrition by 2030.
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Table 4.1. Side by side sampling design used in ENSANUT and NHANES
Survey characteristics
Brief description

Design
Primary sampling units
(PSU) & stratification

Household

Survey participants
and Sample weight
(pweight)

ENSANUT 2012 Health and Nutrition
National Survey
Nationally representative cross-sectional
survey performed by the NIPH (National
Institute of Public Health) in México
approximately every 6 years since 1988, with
recent addition of a smaller mid-term survey
(2016). Includes interviews and examination
components. The sample represents noninstitutionalized, Mexican population.

NHANES 2007-2014 National Health and
Nutrition Examination Survey
Major program of the National Center for
Health Statistics (NCHS) which is part of the
Centers for Disease Control and Prevention
(CDC). Continuous NHANES refers to the
survey after 1999, when it moved to continuous
data collection in two-year cycles. Includes
interviews and examination components. The
sample for each two-year cycle is representative
of the non-institutionalized, U.S. population.
Both cross-sectional surveys have complex, multistage, probability sampling design
ENSANUT sample is drawn in 3 stages:
NHANES sample is drawn in 4 stages: PSU
PSU (AGEB or basic geo-statistic areas),
(counties or combinations of adjacent counties),
households in AGEB, and individuals in
segments within PSU (census blocks or
households. According to INEGI (National
combinations of blocks), dwelling units (DUs,
Institute of Statistics and Geography) in
households) within segments, and individuals
México, an AGEB is a defined and
within households. PSUs are sampled from all
identifiable geographic area that is further
U.S. counties. PSU were further stratified by
categorized into rural (< 2,500 individuals)
metropolitan statistical area status, and various
or urban (≥ 2,500). AGEBs were further
population demographics. According to the
stratified according to urban/rural setting and analytic guidelines, codes for survey commands
marginalization (CONEVAL-social
are: psu= sdmvpsu; strata= sdmvstra
marginalization index). According to the
analytic guidelines, codes for survey
commands are: psu=code_upm; strata=
est_var
Group of persons, family or not, that dwell in The person or group of persons living in an
the same unit and share their income which
occupied DU. DU or housing unit is defined a
may come from one or diverse household
house, apartment, mobile home or trailer, group
members.
of rooms, or single room occupied as separate
living quarters.
Each person of interest in separate datasets
Weights were created in NHANES to account
has particular weights in order to represent
for the complex survey design, survey nonthe number of people in the population
response, and post-stratification. When a
represented by a sample person. For this
sample is weighted in NHANES it is
particular study, we used the sample weight
representative of the U.S. Census civilian nonassigned to children in the infant feeding
institutionalized population. The NHANES
dataset. Pweight is ponderador.
sample weights were adjusted for different
sampling rates such as race, income, sex and
age groups, different response rates, and
different coverage rates among persons in the
sample, so that accurate national estimates
could be made from the sample. Four NHANES
waves were used. Pweight was estimated
according to NHANES analytic guidelines
multiplying the 2-year weights at examination
by ¼. Pweight is mec8yr.
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Table 4.2. Composition of the NHANES analytic sample used in paper 3. Children aged 0 to 35 months
by wave.
Waves
2007-08
2009-10
2011-12
2013-14

All ethnicities
N
843
933
781
788
3,345

Mexican-Americans
n (%)
251 (16.39)
292 (18.52)
176 (18.38)
160 (15.78)
879 xxxxx
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Table 4.3. Description of study variables for chapter 4
Coding

Definition

Individual factors
Child
Overweight

0.
1.

No
Yes

Stunting

0.
1.

No
Yes

Age
Sex

Continuous
0. Male
1. Female
1. Normal
2. Low
3. High
9. Never breastfed
10. Any bf <6 months
11. Still bf aged <6 months
12. Any bf ≥6 months
4. No
5. Yes

Birthweight

Breastfeeding duration

Early complementary feeding

Weight-for-length-z-score (WfL-z-score), for age and sex,
>+2 standard deviations according to WHO growth
standard median
Length-for-age-z-score (LfA-z-score), for sex, <-2
standard deviations according to WHO growth standard
median
Children’s age in months
Sex assigned at birth
Reported birthweight in kg or obtained from birth
certificates in 3 groups: Normal 2.5-4, Low < 2.5, High >
4
Any breastfeeding (bf) was defined as receiving
exclusive, predominant or partial breastfeeding, or being
fed breastmilk.
Introduction of liquids different than water or breastmilk,
semi-solid or solid foods before 6 months of age

Maternal
Age
Household factors
Household reference Person
(HRP) Country of Birth
HRP education

HRP partner status

Household size
Food Security

Continuous

Maternal age in years

0.
1.

US-born
Foreign-born

HRP self-reported being US- or foreign-born

9.
10.
11.
12.
0.
1.

≤ 9th grade
9-11 grade
High school
Some college or >
No
Yes

Self-reported formal education as last year completed

Continuous
0. Secure
1. Mild Insecure
2. Moderate-Severe
Insecure

Self-reported marital/partner status. Living with partner
and married were considered as having a partner.
Separated or divorced, widowed, or single as not
Number of individuals cohabiting, including the child
3-category measure recoded from the Latin American and
Caribbean Food Security Scale for ENSANUT and the
US Food Security Survey Module for NHANES
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Table 4.4. Descriptive statistics (weighted percentages and means) among children aged 0 to 35 months for
Mexican children living in México (MiM) and Mexican-American children living in the Unites States (MA).
Data for MiM from were retrieved from ENSANUT (2012) and for MA from 4 waves of NHANES (2007-2014)
MA
MiM
Foreign- & USForeign-born HRP
US-born HRP
(N=2,500)
born HRP
(N=528, 58.4%)
(N=351, 41.6%)
(N=879)
% (n) / mean (SD)
Individual factors
Child age (months)
17.6 (10.4)
17.8 (12.3)
17.0 (12.2)
17.5 (12.3)
Child sex
Male
54.6 (1,312)
51.5 (269)
47.6 (159)
49.9 (428)
Female
45.4 (1,188)
48.5 (259)
52.5 (192)
50.1 (451)
Child birthweight
Normal
84.7 (2,147)
83.9 (437)
84.1 (294)
84.0 (731)
Low
8.7 (196)
8.4 (47)
7.2 (28)
7.9 (75)
High
6.6 (157)
7.7 (44)
8.7 (29)
8.1 (73)
Child overweight
No
90.4 (2,268)
92.5 (487)
90.0 (315)
91.4 (802)
Yes
9.6 (232)
7.5 (41)
10.0 (36)
8.6 (77)
Child stunting*
No
89.2 (2,251)
98.3 (519)
97.6 (340)
98.0 (859)
Yes
10.8 (249)
1.7 (9)
2.4 (11)
2.0 (20)
Breastfeeding duration*
Never breastfed
5.5 (145)
19.9 (100)
29.0 (101)
23.7 (201)
Any breastfeeding <6 months
22.8 (514)
49.1 (261)
50.3 (173)
49.6 (434)
Still breastfeeding aged <6 months
12.7 (310)
3.2 (28)
3.5 (21)
3.3 (49)
Any breastfeeding ≥6 months
59.0 (1,531)
27.8 (139)
17.2 (56)
23.4 (195)
Complementary foods < 6 months*
No
47.4 (1,248)
18.7 (86)
22.5 (65)
20.3 (151)
Yes
52.6 (1,252)
81.3 (442)
77.5 (286)
79.7 (728)
Maternal age (years)
27.6 (6.6)
27.3 (8.1)
26.1 (7.0)
26.8 (7.7)
Household factors
HRP education*
≤ 9th grade
24.9 (705)
33.8 (185)
4.1 (18)
21.5 (203)
9-11 grade
42.3 (1,088)
31.1 (157)
19.9 (70)
26.4 (227)
High school
21.2 (467)
20.6 (114)
27.2 (94)
23.3 (208)
Some college or >
11.6 (240)
14.6 (72)
48.8 (169)
28.8 (241)
HRP partner status
No
14.7 (357)
13.8 (73)
24.9 (89)
18.4 (162)
Yes
85.3 (2,143)
86.2 (455)
75.1 (262)
81.6 (717)
Household size
4.9 (1.8)
5.2 (1.7)
4.5 (1.7)
4.9 (1.7)
Food Security*
Secure
26.0 (598)
39.3 (195)
61.8 (211)
48.7 (406)
Mild Insecure
42.7 (1,127)
21.3 (114)
14.5 (54)
18.5 (168)
Moderate to Severe Insecure
31.3 (775)
39.4 (219)
23.7 (86)
32.8 (305)
SD= standard deviation; HRP= household reference person (in ENSANUT this refers to maternal data, in NHANES it is typically either
parent). *Tests of proportions between MiM and MA were significant at p-value < 0.05.
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Table 4.5. Weighted percentages and means for predictors for overweight (including obesity) among children
aged 0 to 35 months in Mexican children living in México (MiM) and Mexican-American children living in the
Unites States (MA). Data for MiM from were retrieved from ENSANUT (2012) and for MA from 4 waves of
NHANES (2007-2014)
MiM (n=2,500)

Overall
Individual factors
Child age (months)
Child sex

%/
mean (SD)
9.6
16.0 (10.3)

MA (n=879)
Child Overweight
%/
UOR (95% CI)
UOR (95% CI)
mean SD)
8.6
0.98 (0.97-1.00)

18.0 (11.1)

1.01 (0.99-1.03)

Male
Female

10.3
8.9

1
0.85 (0.59-1.23)

9.3
7.8

1
0.83 (0.51-1.32)

Normal
Low
High
Complementary foods < 6 months
No
Yes
Maternal age (years)
Household factors
HRP birth Country
US-born
Foreign-born
HRP education
≤ 9th grade
9-11 grade
High school
Some college or >
HRP partner status
No
Yes
Household size (number of cohabitants)
Food Security
Secure
Mild Insecure
Moderate to Severe Insecure

8.9
7.8
21.3

1
0.86 (0.33-2.24)
2.76 (1.59-4.81)***

8.2
1.6
19.3

1
0.19 (0.03-1.31)
2.68 (1.26-5.65)*

8.8
10.4
27.4 (6.2)

1
1.19 (0.84-1.70)
0.99 (0.97-1.02)

7.5
8.8
27.0 (7.1)

1
1.20 (0.64-2.26)
1.01 (0.97-1.04)

10.0
7.5

1
0.73 (0.44-1.23)

Child birthweight

-

8.2
9.6
9.4
13.1

0.85 (0.48-1.53)
1.02 (0.61-1.73)
1
1.45 (0.78-2.67)

6.9
11.5
6.8
8.6

1.02 (0.42-2.46)
1.79 (0.91-3.52)
1
1.30 (0.56-3.00)

6.4
10.2
4.7 (1.4)

0.61 (0.32-1.14)
1
0.93 (0.85-1.02)

11.9
7.8
5.1 (1.8)

1.59 (0.98-2.56)
1
1.12 (0.88-1.42)

10.3
9.6
9.0

1
0.93 (0.59-1.46)
0.86 (0.52-1.43)

8.5
8.0
9.0

1
0.94 (0.46-1.91)
1.07 (0.61-1.88)

UOR= unadjusted odds ratios; SD= standard deviation; HRP= household reference person (in ENSANUT this refers to maternal data, in
NHANES it is typically either parent). *p < 0.05, **p < 0.01, ***p < 0.001.
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Table 4.6. Models (odds ratios and 95% confidence intervals) to assess the association between breastfeeding duration and overweight (including obesity)
among children aged 0 to 35 months within and between Mexican children living in México (MiM) and Mexican-American children living in the Unites
States (MA). Data for MiM from were retrieved from ENSANUT (2012) and for MA from 4 waves of NHANES (2007-2014)

BF duration (Ref. Bf<6)
Never breastfed
Still breastfeeding aged < 6 months
Any breastfeeding ≥ 6 months
Country (Ref. MiM)
MA HRP foreign-born
MA HRP US-born
HRP birth country (Ref. US-born)
Foreign-born
Individual factors
Child age (months)
Child sex (Ref. Male)
Female
Child birthweight (Ref. Normal)
Low
High
Complementary foods <6 m (Ref. No)
Yes
Maternal age (years)
Household factors
HRP education (Ref. High school)
≤ 9th grade
9-11 grade
Some college or >
HRP partner status (Ref. Yes)
No
Household size (number of cohabitants)
Food Security (Ref. Secure)
Mild Insecure
Moderate to Severe Insecure

Model 1
MiM and MA
(n= 3,379)

Model 2
MiM and MA
(n= 3,379)

0.74 (0.48-1.14)
1.02 (0.62-1.67)
0.59 (0.42-0.84)**

0.79 (0.51-1.25)
1.19 (0.69-2.05)
0.58 (0.40-0.83)**

0.68 (0.45-1.04)
0.91 (0.55-1.50)

0.62 (0.39-0.99)*
0.80 (0.46-1.39)

-

-

Model 3
MiM
(n= 2,500)
0.58 (0.23-1.46)
1.25 (0.64-2.43)
0.54 (0.34-0.86)*
-

Model 4+
MA
(n= 879)
0.78 (0.47-1.28)
0.94 (0.25-3.58)
0.73 (0.38-1.38)
0.65 (0.33-1.27)

1.00 (0.99-1.02)

1.00 (0.97-1.02)

1.01 (0.99-1.03)

0.87 (0.65-1.18)

0.87 (0.60-1.27)

0.86 (0.52-1.42)

0.59 (0.25-1.42)
2.73 (1.73-4.32)***

0.94 (0.36-2.41)
2.77 (1.59-4.83)***

0.15 (0.02-1.10)
2.46 (1.08-5.59)*

1.35 (0.96-1.89)
1.00 (0.98-1.02)

1.50 (1.00-2.24)
1.00 (0.97-1.03)

1.33 (0.66-2.67)
1.01 (0.97-1.05)

0.96 (0.59-1.56)
1.30 (0.84-2.00)
1.27 (0.76-2.12)

0.87 (0.47-1.61)
1.09 (0.64-1.85)
1.55 (0.82-2.95)

1.10 (0.46-2.64)
2.11 (0.97-4.59)
1.36 (0.64-2.89)

0.94 (0.65-1.37)
0.99 (0.90-1.09)

0.59 (0.31-1.12)
0.93 (0.85-1.03)

1.60 (0.94-2.72)
1.18 (0.89-1.56)

1.02 (0.68-1.53)
1.05 (0.70-1.57)

1.00 (0.64-1.57)
1.04 (0.63-1.71)

0.90 (0.39-2.07)
1.02 (0.52-2.03)

HRP= household reference person (in ENSANUT this refers to maternal data, in NHANES it is typically either parent), Ref.= reference group, Bf<6= any breastfeeding <6 months, bf=
breastfeeding. +Adjusted for wave indicator. *p < 0.05, **p < 0.01, ***p < 0.001.
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Table 4.7. Weighted percentages and predictors for stunting among children aged 0 to 35 months in Mexican
children living in México (MiM) and Mexican-American children living in the Unites States (MA). Data for
MiM from were retrieved from ENSANUT (2012) and for MA from 4 waves of NHANES (2007-2014)
MiM (n=2,500)

Overall
Individual factors
Child age (months)
Child sex

%/
mean (SD)
10.8
20.5 (8.7)

MA (n=879)

Child Stunting
%/
UOR (95% CI)
mean (SD)
2.0

UOR (95% CI)

1.03 (1.01-1.04)***

14.4 (12.6)

0.97 (0.92-1.02)

Male
Female

12.5
8.7

1
0.66 (0.46-0.95)*

2.7
1.3

1
0.47 (0.20-1.10)

Normal & High
Low
Complementary foods < 6 months
No
Yes
Maternal age (years)
Household factors
HRP birth Country
US born
Foreign born
HRP education
≤ 9th grade
9-11 grade
High school
Some college or >
HRP partner status
No
Yes
Household size (number of cohabitants)
Food Security
Secure
Mild Insecure
Moderate to Severe Insecure

9.1
28.4

1
3.96 (2.27-6.93)***

1.5
7.8

1
5.56 (2.24-13.84)***

8.8
12.6
28.4 (6.2)

1
1.49 (1.03-2.13)*
1.02 (0.99-1.05)

2.8
1.8
27.3 (9.2)

1
0.64 (0.21-1.94)
1.01 (0.93-1.10)

2.4
1.7

1
0.73 (0.30-1.75)

Child birthweight

-

14.7
11.1
8.2
5.8

1.91 (1.07-3.42)*
1.39 (0.78-2.49)
1
0.69 (0.23-2.08)

1.8
1.5
2.0
2.5

0.90 (0.20-4.11)
0.73 (0.14-3.74)
1
1.21 (0.37-3.90)

10.5
10.8
5.0 (1.6)

0.96 (0.56-1.67)
1
1.03 (0.93-1.13)

0.84
2.25
5.5 (1.8)

0.37 (0.08-1.61)
1
1.34 (0.96-1.88)

7.4
9.5
15.4

1
1.31 (0.79-2.17)
2.28 (1.36-3.82)**

2.1
1.7
1.9

1
0.78 (0.21-2.83)
0.90 (0.29-2.76)

UOR= unadjusted odds ratios, CI= confidence intervals, HRP= household reference person (in ENSANUT this refers to maternal data,
in NHANES it is typically either parent). *p < 0.05, **p < 0.01, ***p < 0.001.
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Table 4.8. Models (odds ratios and 95% confidence intervals) to assess the association between breastfeeding duration and stunting among children aged
0 to 35 months within and between Mexican children living in México (MiM) and Mexican-American children living in the Unites States (MA). Data for
MiM from were retrieved from ENSANUT (2012) and for MA from 4 waves of NHANES (2007-2014)
Model 1
MiM and MA
(n= 3,379)
BF duration (Ref. Bf<6)
Never breastfed
Still breastfeeding aged < 6 months
Any breastfeeding ≥ 6 months
Country (Ref. MiM)
MA HRP foreign-born
MA HRP US-born
HRP birth country (Ref. US-born)
Foreign-born
Individual factors
Child age (months)
Child sex (Ref. Male)
Female
Child birthweight (Ref. Normal & High)
Low
Complementary foods <6 m (Ref. No)
Yes
Maternal age (years)
Household factors
HRP education (Ref. High school)
≤ 9th grade
9-11 grade
Some college or >
HRP partner status (Ref. Yes)
No
Household size (number of cohabitants)
Food Security (Ref. Secure)
Mild Insecure
Moderate to Severe Insecure

Model 2
MiM and MA
(n= 3,379)

Model 3
MiM
(n= 2,500)

1.55 (0.75-3.18)
0.45 (0.21-0.97)*
1.71 (1.09-2.67)*

1.34 (0.62-2.90)
0.60 (0.25-1.46)
1.52 (0.96-2.40)

2.18 (0.89-5.33)
0.40 (0.12-1.33)
1.51 (0.92-2.49)

0.15 (0.08-0.31)***
0.22 (0.10-0.46)***

0.14 (0.07-1.69)***
0.29 (0.12-0.66)***

-

-

-

-

Model 4+
MA
(n= 879)
0.51 (0.12-2.12)
8.58 (0.89-82.88)
2.64 (0.75-9.26)
0.60 (0.16-2.23)

1.01 (0.99-1.03)

1.01 (0.99-1.03)

0.96 (0.90-1.03)

0.61 (0.44-0.86)**

0.63 (0.44-0.92)*

0.54 (0.21-1.37)

3.77 (2.25-6.31)***

3.33 (1.87-5.91)***

5.48 (1.85-16.29)**

1.17 (0.81-1.69)
1.01 (0.98-1.04)

1.19 (0.82-1.73)
1.01 (0.98-1.04)

0.41 (0.12-1.48)
0.99 (0.90-1.09)

1.54 (0.89-2.65)
1.23 (0.73-2.09)
0.89 (0.40-1.96)

1.60 (0.90-2.84)
1.30 (0.75-2.26)
0.72 (0.25-2.04)

0.86 (0.16-4.65)
0.69 (0.12-3.89)
0.87 (0.18-4.32)

0.83 (0.48-1.43)
1.02 (0.92-1.13)

0.93 (0.52-1.66)
0.99 (0.89-1.11)

0.32 (0.11-0.90)*
1.37 (0.93-2.01)

1.05 (0.65-1.69)
1.58 (0.97-2.58)

1.18 (0.70-1.99)
1.92 (1.11-3.32)*

0.77 (0.21-2.74)
0.54 (0.14-2.00)

HRP= household reference person (in ENSANUT this refers to maternal data, in NHANES it is typically either parent), Ref.= reference group, Bf<6= any breastfeeding <6 months, bf=
breastfeeding.+Adjusted for wave indicator. *p < 0.05, **p < 0.01, ***p < 0.001.
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Figure 4.1. Conceptual framework for child overweight and stunting
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Figure 4.2. Missing data and exclusion criteria leading to NHANES analytic sample used for chapter 4
(N=3,345). From the 4 waves, data on 3,812 children were retrieved and after applying the exclusion
criteria, the final sample included 3,345 children with complete data. This subset included all
ethnicities of which 879 were Mexican-American children. All analyses in chapter 4 were conducted
using subpopulation commands for Mexican-Americans while using the whole sample to estimate
standard errors
NHANES analytic sample (4 waves, 2007-2014)
Children 0-35 months, all ethnicities
N=3,812
Children's anthropometry
Exclusions:
n=141 missing data on weight or length
n=11 biologically implausible data
N= 3,660

Infant feeding - Breastfeeding duration (3 months)
Exclusions:
n=37 missing data on breastfeeding
n=4 missing data on complementary feeding
N= 3,619

Maternal - Household data
Exclusions:
n=3 missing data on maternal age
n= 110 missing data on household reference education
n=150 missing data on household reference partner status
n=11 missing data on household reference food security
N=3,345
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Chapter V- Integration and Conclusion
This dissertation aimed to contribute to the resolution of one of the most challenging health
problems worldwide. Child malnutrition, including both overweight and stunting, is a top public health
priority that has been acknowledged as a complex and preventable condition by the UN General
Assembly and world leaders from public and private sectors. According to the UN sustainable
development goal agenda and statement that “all people, including all children, will live in a safer,
cleaner, more equal and more prosperous world by the year 2030” (UNICEF, 2019), efforts from all
stakeholders must be focused on accelerating progress toward achieving these goals including the
reduction of child malnutrition (Boerma et al., 2018; Jaacks, Kavle, Perry, & Nyaku, 2017). Aligned
with the 5 criteria for Grand Challenges for Social Work and Society from the American Academy of
Social Work and Social Welfare (AASWSW), child malnutrition could be considered a Grand
Challenge by itself given that it affects millions of families worldwide, it is preventable, meaningful
and measurable progress can be achieved over time, it calls for interdisciplinary and multi-sectorial
collaborations, and it requires innovative and evidence-based policies and interventions (Fong, Lubben,
& Barth, 2017). Moreover, policies and interventions within the first 1,000 days and beyond to prevent
child malnutrition may reduce the onset of later-life associated compelling problems that were
identified as Grand Challenges by the AASWSW (e.g., child stunting causes impaired cognitive
development which is associated with reduced earnings in adulthood, widening economic inequalities
and hindering equal opportunities) (Casale & Desmond, 2016; Dewey & Begum, 2011; Fong et al.,
2017; Victora et al., 2008). Preventing child malnutrition may be one of the paths towards ending
vicious and pervasive health, social and economic inequalities.
Findings from this dissertation contribute to informing evidence-based, culturally-sensitive,
country-specific policies and interventions to prevent malnutrition among Mexican children in their
home-country and in the US. We used a binational and interdisciplinary approach framed in WHO
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conceptual models, Dahlgren and Whitehead model and cultural perspectives. This comprehensive
approach to examine risk and protective factors for child malnutrition may contribute to narrow the
health gap in early-life and the social and economic disparities in later-life by setting a more equitable
foundation for Mexican and Mexican-American children within the first 1,000 days and beyond. This
chapter provides a brief summary of key findings from the 3 previous chapters, a description of overall
strengths and limitations, and a discussion of future directions for research as well as pertinent policies
and interventions to address child malnutrition.
Key findings
Chapter 2 investigated the effect of breastfeeding duration and individual, household and area
risk factors on child overweight in Mexican children aged 0 to 35 months. We sequentially adjusted for
risk factors to test their effect on breastfeeding and child overweight and we computed a 2-level mixedeffects logistic regression model to account for households nested within areas. We used the
ENSANUT 2012 dataset which provided nationally-representative data on child anthropometry, child
feeding practices and other risk factors. Survey commands were used to account for ENSANUT’s
multistage, probability sampling design. Breastfeeding duration was conceptualized in the same
manner across chapters 2 to 4 and defined as never breastfed, any breastfeeding for <6 months
(comparison group), still breastfeeding aged <6 months, and any breastfeeding for ≥6 months. Child
overweight was defined as weight-for-length/height-z-score (WfL-z), for age and sex, over +2 standard
deviations of the WHO child growth standards median (WHO, 2011). All other independent variables
are described in chapter 2. Our findings indicated that 59.0% of children were breastfed for ≥6 months
and 9.6% were overweight. We found evidence for an association between breastfeeding for ≥6 months
and reduced risk for child overweight using breastfeeding for <6 months as baseline, coinciding with
previous evidence suggesting a protective effect of breastfeeding on child overweight, primarily
reported in high-income countries (HICs). Additionally, consistent with the literature, we found that
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high birthweight and maternal obesity were risk factors for child overweight (Woo Baidal et al., 2016).
In contrast, living in the southern region (i.e., the poorest geographical area with the highest
concentration of indigenous population and marginalized regions) (Kroker-Lobos, Pedroza-Tobías,
Pedraza, & Rivera, 2014), regardless of urban or rural, and in the center-urban area were protective
against child overweight. These results suggested that child overweight was influenced by shared
genetics and obesogenic environments.
Chapter 3 examined the effect of breastfeeding duration and individual, household and area risk
factors on child stunting in Mexican children aged 0 to 35 months. We analyzed the same curated
subset used in chapter 2 and the analytical approach was similar but incorporating maternal stature and
household drainage systems, which have both been associated with child stunting (Cumming &
Cairncross, 2016; Özaltin, Hill, & Subramanian, 2010). Child stunting which indicates linear growth
failure was defined as length/height-for-age-z-score (LfA-z) under –2 standard deviations of the WHO
child growth standards median (WHO, 2011). Breastfeeding duration and all other variables were
defined as in chapter 2. Among our subsample, the prevalence of child stunting was 10.8%. We found
no evidence for a protective effect of any breastfeeding for ≥6 months on child stunting. However,
when compared to children who were breastfed <6 months, those never breastfed were at higher risk
for stunting. Coinciding with these results, other scholars had reported that any breastfeeding had a
protective effect against stunting (Danaei et al., 2016; García Cruz et al., 2017; Kuchenbecker et al.,
2015). Increased child age, being male, child low birthweight, maternal ethnicity (self-identifying as
indigenous), maternal short stature, higher count of children aged <5 years per household, and
moderate to severe household food insecurity were all risk factors for child stunting. These findings
support the hypothesis of the intergenerational effect of early undernutrition, perpetuating the cycle of
inequalities (Martorell & Zongrone, 2012; Özaltin et al., 2010; Prendergast & Humphrey, 2014;
Solomons et al., 2015). Moreover, scholars have described this phenomena intertwined with lower
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living conditions or marginalized communities (e.g., household food insecurity, indigenous
communities, unimproved WASH systems) widening health, social and economic disparities even
more (Castro-Porras, Aedo-Santos, Wynne-Bannister, López-Cervantes, & Rojas-Russell, 2018;
Martorell & Zongrone, 2012).
Chapter 4 incorporated a binational approach and cultural perspectives, examining the effects of
breastfeeding duration and individual and household risk factors for child malnutrition, including
overweight and stunting, in Mexican and Mexican-American children aged 0 to 35 months. Besides
using ENSANUT 2012 to examine Mexican children, we curated a new dataset using 4 waves of
continuous NHANES, following its analytic guidelines (Chen et al., 2018; Johnson et al., 2013), to
examine Mexican-American children. NHANES provided nationally-representative data on child
anthropometry, child feeding practices and other risk factors. We could not incorporate area factors in
this analysis since NHANES public datasets do not include geographic information lower than country;
nor we included other variables such as maternal BMI since linkage between mothers and their
corresponding child was not possible (Ahluwalia, Herrick, Paulose-Ram, & Johnson, 2014). The
methodological approach was to run independent analyses with each subset and then with the pooled
sample to examine the association between breastfeeding duration and child overweight or stunting
while controlling for country, individual and household factors. Survey commands were used to
account for each study’s design (ENSANUT and NHANES) according to their corresponding analytic
guidelines (Chen et al., 2018; Gutiérrez et al., 2012; Johnson et al., 2013). According to our findings,
the prevalence of breastfeeding initiation and any breastfeeding for ≥6 months was higher in Mexican
versus Mexican-American children and among the latter, those with a foreign-born household reference
were more likely to initiate and continue any breastfeeding for ≥6 months than US-born counterparts.
In this dissertation, we argue that cultural beliefs and norms provided by the nurturing system in
México have an important effect on the decision to breastfeed both in Mexicans and in foreign-born
152

household reference person in the US (Cartagena et al., 2014; Swigart et al., 2017). The most prevalent
form of child malnutrition among Mexicans was stunting while for Mexican-Americans it was
overweight, and in both countries the prevalence of child overweight was very similar. MexicanAmerican children, exposed to the US HIC-context, were significantly less likely to be stunted than
Mexicans in their home-country. We found evidence for a protective effect of any breastfeeding for ≥6
months on child overweight only in Mexican children, when compared to those breastfed <6 months. In
contrast, we found no evidence for an association between breastfeeding and child stunting among
Mexicans or Mexican-Americans. High and low birthweight were risk factors across the 2 populations
for child overweight and stunting, accordingly; concurring with results from chapters 2 and 3, and with
findings from systematic reviews (Danaei et al., 2016; Woo Baidal et al., 2016). We found 2 countryspecific risk factors for child stunting in México: being male and living in households with moderate to
severe food insecurity. In general, findings from this chapter coincide with previously described
patterns meaning that breastfeeding initiation and continuation, and child stunting are mostly prevalent
in LMICs (de Onis & Branca, 2016; Victora et al., 2016); and that context and cultural processes are
relevant when examining health outcomes among immigrants (Alidu & Grunfeld, 2018; Fryer, Santos,
Pedersen, & Stuebe, 2018; Teruya & Bazargan-Hejazi, 2013).
Strengths and Limitations
ENSANUT 2012 allowed us to examine diverse child malnutrition risk factors across
individual, household and area factors representative of rural and urban areas at national level, and
among 4 regions of México. By using 4 waves of NHANES we were able to garner Mexican-American
nationally-representative child data so that we had comparable ENSANUT data at a similar point in
time across countries. This dissertation was theoretically grounded in the WHO conceptual models, the
Dahlgren and Whitehead model and cultural perspectives which allowed us to compare Mexican and
Mexican-American children. By using this theoretical approach, we were able to discern specific
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factors in which policy or intervention efforts may be focused. For both surveys, the child
anthropometric data were collected by trained and standardized interviewers supervised by ENSANUT
and NHANES which reduced systematic errors. By using the WHO Multicenter Growth Reference
Study (MGRS) criteria to define child overweight and stunting, we acknowledged 2 principles:
breastfeeding is the recommended standard for child feeding and the growth standard against which
children should be compared are healthy breastfed children. Moreover, the MGRS collected data on
children from 6 countries (i.e., Brazil, Ghana, India, Norway, Oman, US) of which half are LMICs and
the others HICs having a fair representation of these 2 groups of countries (Grummer-Strawn, Reinold,
& Krebs, 2010; The World Bank, 2019). Finally, this work represents interdisciplinary efforts
advancing the knowledge base by using multiple disciplines (i.e., social work, epidemiology, nutrition
and public health) and cultural perspectives towards identifying risk and protective factors for child
malnutrition across countries.
This dissertation also had several limitations mostly related to ENSANUT and NHANES crosssectional design, measurement of key variables and data availability. The cross-sectional design limits
our ability to infer causality as these associations are based on data at one point in time. Breastfeeding
data were collected at the time of the home interview with child’s age ranging from 0 to 35 months
therefore we could not use breastfeeding as a continuous variable. While some children were still
breastfeeding, others were weaned days up to months ago so respondent recall bias on breastfeeding
practices were likely present. Another limitation was non-comparability of measures across ENSANUT
and NHANES subsets due to differential conceptualization or measurement of constructs. For instance,
we could not include household SES variables since the former used principal component analysis and
the latter used ratio of family income to poverty as SES proxies. Regarding data availability, the
models across all 3 analyses included previously identified risk factors for child malnutrition. However,
we recognize that some relevant risk factors were not included in these analyses because they were not
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available in ENSANUT and/or NHANES such as prenatal tobacco exposure or maternal excess
gestational weight gain, both strong predictors for child overweight. Relevant risk factors for child
stunting that were left out were IUGR or a measurement of unimproved WASH systems. While we
used available proxies, we are aware that our models are missing key factors which likely led to
omitted-variable bias. For instance, for IUGR, we used low birthweight as a proxy but it does not
discern whether fetal growth was actually below its intrauterine growth potential (Hiersch & Melamed,
2018; Sharma, Sharma, & Shastri, 2017); for WASH systems, we used household drainage system but
it does not actually measure whether wastewater was safely managed; for prenatal tobacco exposure we
used maternal tobacco use at the time of the interview as a proxy but it does not ascertain fetal
exposure. Additionally, NHANES public datasets do not allow linking maternal and child data nor
provides lower than national geographic data. Hence, in chapter 4 we could not examine area factors or
relevant maternal risk factors for child malnutrition such as maternal obesity or short stature, which
were included in chapters 2 and 3. The NHANES subset size was smaller than ENSANUTs’ and while
we found similar direction in some point estimates, the confidence intervals included the null value
though missing statistical significance, which might have been a sample size issue with the NHANES
subset; additionally, the prevalence for stunting in the NHANES subset for Mexican-Americans was
very low, therefore a larger subsample would be needed. Finally, in the pooled analyses, while we
accounted for each survey design by using unique sampling weights, strata and PSUs values, we
acknowledge that both survey designs are not equivalent and there is the possibility that pooled
analyses could have yielded biased standard errors (Kaminska & Lynn, 2017).
Implications
This dissertation responded to the need of accelerating efforts towards preventing and reducing
child malnutrition which disproportionately affects LMICs. This has become a priority across
disciplines and organizations worldwide. Our findings have implications informing this priority.
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Preventing child malnutrition implicates supporting the maternal-child dyad mostly within the first
1,000 days which is referred to as a window of opportunity from conception to the first 2 years of life
(Stewart et al., 2013; Taveras, 2016; Woo Baidal et al., 2016). The programmatic timeframe of the
1,000 days urges policies and interventions to focus efforts at proximal and distal levels both prenatally
and postnatally. The proposed conceptual frameworks shed light to recognize that child malnutrition is
the result of individual, household, and other social and contextual factors. Finally, cultural
perspectives accounted for nurturing and sustaining systems as well as acculturation, therefore,
confirming that approaches should be culturally-sensitive.
Implications for our findings can be divided into proximal and distal efforts. Proximal efforts
are clustered into the prenatal and postnatal periods. The prenatal component is the most relevant given
that the intrauterine environment (which is affected by maternal context and lifestyle among other
genetic-, fetal- and placental-factors) and early metabolic programming (which begins in utero and is
affected by genetic- and epigenetic-factors) highly influence neonatal health outcomes, including high
and low birthweight which were strongly associated with child malnutrition (Danaei et al., 2016; Jaacks
et al., 2017; Sharma et al., 2017; Woo Baidal et al., 2016). According to our results, the prenatal
component would aim towards achieving healthy lifestyles to prevent obesity during pregnancy (and
ideally target women pre-pregnancy) while also targeting underlying causes for high and low
birthweight through gestational screening and healthcare. The prenatal component must also account
for cultural considerations such as prenatal expectations among Mexican women, including norms and
beliefs around weight gain and lifestyle (e.g., dietary and physical activity behaviors) (Gress-Smith et
al., 2013). The postnatal component should focus on promoting positive maternal health behaviors such
as exclusive breastfeeding, and innocuous and timely complementary feeding. The postnatal
component should also consider cultural perspectives on child weight and complementary feeding
norms and beliefs among Mexicans given that there appears to be a cultural preference for higher child
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bodyweights (Bartick & Reyes, 2012; Cartagena et al., 2014; Swigart et al., 2017). Distal efforts should
support women and their families so that the abovementioned recommendations may be achieved, and
are divided into obesogenic and lower-living environments. Given our results, we may conclude that
the overweight-maternal-child dyad share obesogenic environments. These environments need
intervention such as implementing policies that facilitate healthier lifestyles and increased exposure and
affordable access to healthier foods at diverse settings (e.g., parental workplace, childcare facilities and
schools) (Barquera et al., 2018; Bell, Kerr, & Young, 2019; Mackenbach et al., 2014). Regarding
lower-living environments, given the intergenerational effect of undernutrition, efforts to end child
stunting should be particularly focused at indigenous and marginalized communities were maternal
short stature and food insecurity are the norm, aiming to prevent low birthweight and later-life linear
growth failure. Overall, breastfeeding should be supported by implementing a 6-months paidmaternity-leave for formally-employed women and enabling continued breastfeeding upon return to
work, which has been shown to increase breastfeeding (Steurer, 2017), as well as explore plausible and
urgent solutions to support informally-employed mothers.
In sum, across countries, culturally-sensitive policies and interventions should focus on women
prenatally using prophylactic strategies to prevent maternal obesity and offspring high and low
birthweight. These interventions should also include postnatal strategies to maintain and foster positive
maternal health behaviors, including breastfeeding. Both pre- and postnatal components should be
supported by distal efforts at higher-levels. According to country-specific risk factors for child
malnutrition, among Mexican-Americans prenatal and postnatal strategies should target increasing
breastfeeding initiation and continuation (Stewart, Iannotti, Dewey, Michaelsen, & Onyango, 2013),
and for Mexicans further research is needed to understand the underlying causes of child stunting
overall.
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Future directions
Finally, this dissertation provides a path towards future research. Finely detailed information is
needed to understand obesogenic environments in México and how these affect the health of
individuals living within these shared-environments. Further research is also needed in México to
examine risk factors for child stunting particularly among short stature and indigenous women, and
households classified as food insecure in order to break the inter- and intra-generational effects of
undernutrition. Several programs in México have effectively addressed child undernutrition (RamírezLuzuriaga, Unar-Munguía, Rodríguez-Ramírez, Rivera-Dommarco, & González de Cosío, 2016;
Rivera-Dommarco, Cuevas-Nasu, González de Cosío, Shamah-Levy, & García-Feregrino, 2013).
Nonetheless, one of the main anti-poverty strategies in México (a conditional cash transfer program)
has not yet yielded significant results in reducing child stunting in the Southern region (García-Parra et
al., 2016; García-Parra et al., 2015). Therefore, it is imperative to explore deeper into proximal and
distal contextual factors in these households and regions. It will also be crucial to evaluate the effect of
México’s current government policies (installed in December 2018) on child malnutrition. As
mentioned in chapter 3, 30 social welfare programs have been prioritized aiming to provide a network
that supports the most vulnerable individuals by reactivating the national economy from the bottom and
serving all (Gobierno de México, 2019). Another approach could be exploring proximal and distal
contextual protective factors against child stunting among Mexican-Americans given that the
prevalence of stunting was significantly lower in this population. Acknowledging these protective
factors in the US could help inform evidence-based policies and interventions in México. Given the
limited resources of the government and other non-government organizations allocated to end child
malnutrition, a feasible strategy would be to focus on shared protective factors that prevent both
conditions in vulnerable groups (e.g., prenatal maternal healthcare and breastfeeding). These strategies
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would allow to keep both conditions (child overweight and stunting) under continuous screening and
evaluation.
Secondly, due to the limitations raised earlier in each survey, alternative methodological
designs are needed. It would be relevant to infer temporal sequence meaning that risk or protective
factors precede child malnutrition. Additionally, it would be important to assess reverse causation
given the possibility that child malnutrition influences maternal breastfeeding behaviors (Kramer,
Moodie, Dahhou, & Platt, 2011). Moreover, this alternative methodological approach should enable
measuring breastfeeding duration longitudinally every month from birth throughout the first 2 years of
life (including exclusive and predominant as defined by the WHO, as well as discerning between those
fed at the breast and those fed expressed breast-milk (Azad, Vehling, Chan, & et al., 2018)). Finally,
conducting primary data collection would assure that measurements across entities are comparable and
that most risk and protective factors with empirical and theoretical evidence are included in the models.
Therefore, we would recommend to conduct a prospective cohort study following women prenatally
through the first 2 years postpartum (ideally with pre-pregnancy BMI data and recruited during the first
gestational trimester) to assess child malnutrition risk and protective proximal and distal factors,
including breastfeeding. We would advise to conduct power analyses at the planning stage to determine
an adequate sample size and avoid post hoc power estimations or small sampling size issues.
Recruitment would take place at health institutions with maternity services, previous authorization and
clearance from the corresponding Institutional Review Boards and due informed consent process, and
random methods would be used to select health institutions. A cross-country, multi-center approach
that includes Mexican and Mexican-American women living in diverse geographical areas in México
and in the US would help identify country-specific factors while accounting for cultural perspectives.
We would advise to include a technological component such as geographical information systems
(GIS) to assess healthcare access or community health profiling where available (Shaw & McGuire,
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2017). Among Mexican-American women, acculturation should be measured by using a validated and
reliable instrument that uses several criteria and not only foreign- or US-born, such as the Revised
Acculturation Rating Scale for Mexican Americans (ARSMA-II) which has been used when exploring
child feeding practices among this group (Wambach et al., 2016). Instruments and measurements to
collect data should be validated and standardized across centers in order to reduce systematic errors.
Additionally, a mixed-methods approach could be particularly useful to explore and analyze social,
economic and cultural contexts given that this method has helped understand complex health disorders
in other LMICs (Ozawa & Pongpirul, 2014). A randomly-selected group of women in México would
undergo an additional qualitative research component to deeper examine overweight- and stuntingrelated contextual factors.
Finally, given this dissertation and previous findings, higher-level factors are relevant when
analyzing complex multilevel health outcomes such as child malnutrition (Stewart et al., 2013; Woo
Baidal et al., 2016). Consequently, it would be imperative to collect and include these empirically and
theoretically supported factors in analytic models. Scholars have designed multilevel conceptual
frameworks identifying proximal- and higher-level risk factors for child overweight and stunting
(Stewart et al., 2013; Woo Baidal et al., 2016). According to these and other findings, some of the
higher-level contextual factors that may be relevant to both disorders (overweight and stunting) are:
food systems (e.g., marketing regulations on child formula, food pricing policies), social policies (e.g.,
maternity-leave and employer breastfeeding policies), healthcare systems (e.g., access to prenatal care
with counseling on diet, gestational weight gain and breastfeeding, available healthcare providers and
infrastructure), environmental exposures (e.g., WASH systems, tobacco and antibiotic exposure), and
society and culture (e.g., SES, poverty indexes, human development levels and social support
networks) (Lee, Andrew, Gebremariam, Lumeng, & Lee, 2014; Ng, 2015; Stewart et al., 2013; Woo
Baidal et al., 2016). All these would provide relevant data that could help close the research gaps that
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we have identified and that have been previously described: the underlying drivers shared by child
overweight and stunting in LMICs, the underlying causes for males’ higher odds for stunting, and the
underlying factors for the low prevalence of stunting in foreign-born or first generation immigrant
mothers in HICs (Jaacks et al., 2017).
When incorporating higher-level factors, it may be plausible that units in lower-levels (e.g.,
communities) may be nested within higher-level units (e.g., geographical areas where certain policies
have been implemented). This would call for multilevel analyses given that it presumes that the data
are hierarchically structured and that respondents share a frame of reference. This multilevel approach
would account for variance in child malnutrition by analyzing data from all levels of analysis, allowing
to assess effects that may vary by group or frame of reference (Mehmetoglu & Jakobsen, 2017).
However, there are several challenges to this research that need to be considered at the design stage.
One is having a large group of higher-level variables following conservative rules that have been
discussed in chapters 2 and 3. Another is identifying differences among these higher-level policies and
programs within a population in order to test their impact on child malnutrition using a quasiexperimental design. This is particularly relevant when the higher-level policies or programs are
universal though having limited variation, or when the health outcome differs by a construct that does
not necessarily fit into a well-defined geographical area or cluster. Moreover, fitting multilevel models
using complex survey data with sampling weights, PSU and strata is challenging and more guidelines
and consensus are needed when using this type of data (Carle, 2009; Mehmetoglu & Jakobsen, 2017).
Considering and discussing different analytical approaches enriches research, bearing in mind that the
premise would be to use the method that better fits data and research questions in a parsimonious way.
There is worldwide consensus among experts on the urgent need to reduce and prevent all
forms of child malnutrition to achieve equitable health opportunities as early as the first years of life.
Incorporating diverse research methodologies, interdisciplinary and multi-sectorial collaborations,
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higher-level contextual factors and novel statistical and technological approaches would help advance
efforts to prevent child malnutrition globally. While interventions targeting the maternal-child dyad at
the individual-level have been typically prioritized and have yielded some results, it is crucial to shift
efforts towards understanding the living conditions and examining the socioeconomic and political
environment from which child malnutrition emerges and persists. Only by integrating these proximal
and distal spheres we will be able to inform comprehensive policies and interventions to end child
malnutrition.
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