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Abstract 

 

Food Insecurity and Unhealthy Weight Gain in Pregnant Women and Children 

 

by 

 

Ryan Joseph Gamba 

 

Doctor of Philosophy in Epidemiology 

 

University of California, Berkeley 

 

Professor Barbara Laraia, Chair 

 

 

Background: Food insecurity is the state of being without reliable access to enough food for an 

active, healthy life. While the relationship between food insecurity and weight gain has been 

inconsistent in children and men, food insecurity is consistently associated with chronic distress 

and higher weight status among women. The primary goal of this dissertation is to assess the 

associations between food insecurity and weight gain and obesity in low income Latino children, 

and food insecurity and unhealthy weight gain among a California representative sample of 

pregnant women. Seventeen percent of American children are obese, making childhood obesity 

one of the most prevalent health challenges American children face. Forty-eight percent of 

women in America gain weight in excess of the Institute of Medicine’s (IOM) gestational weight 

gain guidelines; over 56% of obese women and 51% of white women gain in excess of the IOM 

guidelines, making these groups especially vulnerable. Three studies have found evidence that 

obesity may stem from early life exposure to food insecurity, although no study has examined if 

early exposure to food insecurity is associated with obesity in late childhood and early 

adolescence. Only one study has assessed if transitioning to and from food insecurity is 

associated with growth in children and they found that changing food security status may affect 

boys and girls differently. Additionally, only three studies have assessed the association between 

food insecurity and gestational weight gain among pregnant women and they have found positive 

and null associations. Identifying if there is an association between food insecurity and weight 

status among low income Latino children and pregnant women would inform programs such as 

the Special Supplemental Nutrition Program for Women, Infants, and Children that aim to 

alleviate food insecurity and promote healthy weight gain in these vulnerable populations. 

 

Methods: The Center for the Health Assessment of Mothers and Children of Salinas 

(CHAMACOS) study collected information from Latino mother-child dyads from pregnancy to 

age 12. The first paper in this dissertation analyzes 243 mother-child dyads from CHAMACOS 

to assess longitudinal associations between exposure to food insecurity in the first years of life 

and changes in growth and obesity status from age 2 to 12 by implementing linear and logistic 

regression models. The second paper analyzes 204 children from CHAMACOS, and investigates 

the longitudinal associations between food security status, changing food security status, and 

persistency of food insecurity with changes in growth and obesity status by implementing 

generalized estimating equations. The third paper applies linear and multinomial logistic 
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regression models to investigate the cross sectional association between food insecurity and 

gestational weight gain among 12,097 women from California’s Maternal Infant Health 

Assessment (MIHA), a random sample survey of English- or Spanish-speaking women in 

California who recently had a live birth.  

 

Conclusion: Early life exposure to food insecurity in the first two years of life was associated 

with growth in childhood differentially between boys and girls at different times, even up to ten 

years after the food insecurity was experienced. Household food insecurity was associated with 

decreased growth in childhood and transitioning to and from food insecurity was also negatively 

associated with growth. During pregnancy, food insecurity was significantly associated with 

increases in gestational weight gain among non-Hispanic African American women. However, 

these changes in weight status did not translate into changes in obesity status or gaining 

excessive weight during pregnancy according to the IOM gestational weight gain guidelines. The 

associations between food insecurity and growth in children were modified by age and gender 

while the associations between food insecurity and gestational weight gain were modified by 

race/ethnicity. Of the few studies that have previously examined the relationships between food 

insecurity and weight status among Latino children and pregnant women, very few tested for 

effect modification by age, sex, and race/ethnicity. Therefore more studies that consider 

differential influences of food insecurity on weight are needed before we can conclude food 

insecurity is not associated with obesity or excessive gestational weight gain in these vulnerable 

populations. 
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Chapter 1: Background 

 

The 1968 CBS documentary, “Hunger in America,” brought national attention to a hidden 

hunger in the United States that was thought to have been solved long ago (1). The film gave the 

public an unprecedented look at the then ten million American families who struggled with 

hunger and poverty.  

 

Currently, the United States measures food insecurity, which is distinct from poverty and hunger. 

Food insecurity is defined (2) as, “whenever the availability of nutritionally adequate and safe 

foods or the ability to acquire acceptable foods in socially acceptable ways is limited or 

uncertain” (pp. 1575-1576), and 12.7% of American households were food insecure in 2015 (3). 

Food insecurity measures multiple constructs, including anxiety, food quality and quantity, 

hunger and weight loss (4). Domestically, food security status is often determined with the 

United States Department of Agriculture’s Standard Food Security module which includes 18 

questions that range from asking about running out of food and not having enough money to 

purchase more, to whether or not there were children in the household that did not eat for a 

whole day because there was not enough money for food (4). A six-item scale is also widely 

used to assess food security status (4) and has been found to have excellent sensitivity and good 

specificity (5). Additionally, a newer two-item screener has been validated among low income 

households with children and has also demonstrated high sensitivity and specificity when 

assessing food security status (6). 

 

This dissertation implements the life course perspective to analyze how food insecurity is 

associated with weight gain at different stages of life in vulnerable populations. The life course 

perspective suggests stressors at critical stages of life can have greater influences on current 

health, and health trajectories (7). Therefore, the association between food insecurity and weight 

gain was assessed in infancy, childhood and pregnancy. The life course approach also utilizes the 

concepts of allostasis and allostatic load. Allostasis is the process in which the body reacts to 

stressors to maintain physiological homeostasis (8). When chronic stressors are experienced, the 

regulatory mechanisms that are used to return the body to homeostasis can become impaired (9). 

Allostatic load refers to the wear and tear that is placed on the body by the consistent use of the 

regulatory mechanisms that are used to achieve homeostasis (9). Populations that face chronic 

stressors such as ethnic minorities and those with low socioeconomic status have been found to 

have grater allostatic loads (10, 11), and increased allostatic loads have been associated with 

poor health outcomes such as decreased education and cognitive performance (12). This 

dissertation will analyze the association between food insecurity and weight gain among low 

income Latino infants and children from a farm working community. Children from farm 

working households may have large allostatic loads because there are hardships associated with 

being Latino and living in a farm working household in America (13-16). Their large allostatic 

loads may diminish their ability to cope with food insecurity. We hypothesize early life exposure 

to food insecurity will contribute to allostatic load and lead to weight gain and obesity in 

childhood and that current food insecurity will be associated with reduced growth. 

 

Latino farm workers are often discussed within the context of social justice because they work 

long hours at dangerous jobs to grow food for the country, yet they often live in poverty and 

disproportionately suffer from food insecurity and poor health outcomes (17). The prevalence of 
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food insecurity in this population across the country has not been established, in part because the 

number of migrant farm workers changes frequently by the season and the demands of the 

agricultural industry (18). A review that focused on food insecurity in migrant farm working 

populations found food insecurity to almost always be significantly higher than what is observed 

in non-migrant populations, and estimates as high as 88% were found (19). Roughly 76% of 

mothers analyzed in this dissertation lived in a farm working household during pregnancy. The 

vast majority are immigrants from Mexico who now reside in the Salinas Valley. The Salinas 

Valley is located in Monterey County in Southern California. Monterey County is the 3
rd

 highest 

grossing agricultural crop producing county in the United States, yet the county experiences 

more food insecurity than any other county in California (20). One report suggests 66% of the 

farm workers in the Salinas Valley are food insecure (20). The high rates of food insecurity are 

in part because farm workers may be undocumented citizens, which limits their ability to 

participate in government food assistance programs such as the Special Nutrition Assistance 

Programs (19). Studying the association between food insecurity and weight gain among infants 

and children of farm working households is important because this population faces additional 

barriers to accessing healthy foods, which may exacerbate any association between food 

insecurity and weight status. 

 

This dissertation will also analyze a California representative sample of Non-Hispanic White, 

Hispanic, non-Hispanic African American, and Asian and Pacific Islander women who had a live 

birth in the previous 12 months to assess the extent to which food insecurity is associated with 

gestational weight gain. There are large racial disparities in gestational weight gain; Non-

Hispanic White women are at greater risk of gaining weight in excess of the Institute of 

Medicine’s (IOM) gestational weight gain guidelines compared to non-Hispanic African 

American and Hispanic women, however non-Hispanic African American and Hispanic women 

are at greater risk of gaining inadequate weight during pregnancy (21). These differences in 

gestational weight gain likely translate into disparities in birth outcomes (22). For example, 

African American women may experience disproportionately high rates of preterm birth 

compared to white women because they are more likely to gain weigh below the IOM guidelines 

(22, 23). A large representative sample of diverse women is needed to assess if food insecurity is 

associated with gestational weight gain, and if so, if the association is modified by race/ethnicity. 

If race/ethnicity does modify the food insecurity and gestational weight gain relationship, 

addressing the disparities in food insecurity experienced during pregnancy would subsequently 

reduce the disparities in birth outcomes. 

 

The second chapter of this dissertation will examine how early life exposure to food insecurity is 

associated with changes in growth from age 2 to 12 and childhood obesity among a population of 

Latino children from the Center for the Health Assessment of Mothers and Children of Salinas 

(CHAMACOS) study. The third chapter will analyze the associations between household food 

insecurity and growth from age 5 to 12 among children form CHAMACOS. This chapter also 

analyzes how persistent food insecurity and transitioning to and from food insecurity is 

associated with growth. The fourth chapter will focus on the relationship between food insecurity 

during pregnancy and gestational weight gain in a state-representative sample of women who 

recently had a live birth from California’s Maternal and Infant Health Assessment Study (24). 

This analysis will distinguish between low and very low levels of food insecurity, and also 
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investigate the role race/ethnicity may have in modifying the association between food insecurity 

and gestational weight gain.  
 

Although the relationship between food insecurity and weight status has been studied 

extensively, this dissertation adds to the literature by focusing on vulnerable populations during 

critical time periods. Low income Latino children suffer from high rates of obesity and many 

pregnant women are gaining weight in excess of the Institute of Medicine’s Guidelines for 

weight gain during pregnancy (25-28). Understanding the relationship between food insecurity 

and weight status in these populations would inform programs such as the Special Supplemental 

Nutrition Program for Women, Infants, and Children (WIC) that aim to alleviate food insecurity 

and promote healthy weight gain (29). Potentially, WIC staff could greater prioritize efforts to 

improve food insecurity if there was strong evidence that doing so would also improve weight 

status. 
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Chapter 2. Early life exposure to food insecurity is associated with changes in BMI during 

childhood among Latino children from CHAMACOS 
 

Introduction 

Childhood obesity has been associated with morbidity and premature mortality (30). Seventeen 

percent of American children are obese, and 22% of Latino children are obese (31). While the 

prevalence of obesity among Latino children in farm working households is not well established, 

studies conducted in Latino farm working communities have found the prevalence of childhood 

obesity to range from 27% to 34% (25, 32). Farm working Latino families are at greater risk of 

obesity because of limited financial access to healthy food, and barriers including language, 

culture, and immigration status (20, 25). However in recent years, early life exposures have been 

identified as possible contributors to the development of obesity later in life (33-35). Food 

insecurity may be such an early life exposure that contributes to disparities in obesity prevalence.   

 

Food insecurity is defined as, “the state of uncertain access to enough nutritionally adequate food 

for an active and healthy life” (2). Three studies found positive associations between early life 

exposure to food insecurity, defined as within the first two years of life, and obesity later in 

childhood (36-38). Bronte-Tinkew et al. first reported this association (37). They found food 

insecurity experienced at 9 months acted through parenting practices, infant feeding practices, 

and parental depression to increase risk of obesity at age 2. Expanding on their findings, 

Metallinos-Katsaras et al. (36) found that early life exposure to food insecurity was still 

positively associated with obesity up to four years later. Suglia et al. (38) also found evidence 

that early life exposure to food insecurity was associated with the onset of obesity, but only 

among girls. A main contribution of this collection of studies is the consistency of association 

between early life exposure to food insecurity and obesity up until five years. Research is still 

needed to identify if early life food insecurity is associated with weight status later in childhood, 

especially during critical periods of development. 

 

Assessing the relationship between early life exposure to food insecurity and obesity in a 

population that largely consists of Latino farm working households is important because this 

population disproportionately suffers from food insecurity; the prevalence of household food 

insecurity is 19.2% among all U.S. households with children, 26.9% among Latino households 

with children (3), and recent evidence suggests it ranges from 39.0% to 63.8% in studies of 

Latino children who live in farm working households (19, 39). The effects of food insecurity on 

Latino farm working households may be exacerbated by living in food deserts and having limited 

access to food assistance programs and healthcare (20, 25). The Center for the Health 

Assessment of Mothers and Children of Salinas (CHAMACOS) study collected data from Latino 

mother-child dyads from predominantly farm working households for over twelve years. With 

these data we analyze the association between early life exposure to food insecurity and weight 

status among children from age 2 to 12. Our study has two aims: (1) to assess the association 

between early life food insecurity and change in BMI over five different time periods in 

childhood to identify periods when early life food insecurity may be more strongly associated 

with BMI; and, (2) to analyze the association between early life food insecurity and obesity 

status at seven points in childhood. We hypothesize early life food insecurity to be associated 

with greater increases in BMI and obesity from age 2 to 12, and that these associations will be 

strongest earlier in life when the exposure to food insecurity is influencing parenting practices. 

Based on previous findings (38, 40, 41), we also hypothesize that early life food insecurity will 
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be associated with greater gains in BMI and a greater increased risk of obesity in girls compared 

to boys. 

 

Methods 

CHAMACOS is a longitudinal birth cohort study that was originally designed to study the 

effects of environmental exposures on the health of pregnant women and their children. Details 

of this study have been described previously (42, 43). To be eligible for CHAMACOS, women 

needed to be in their first half of pregnancy, ≥18 years of age, English or Spanish speaking, 

MediCal eligible, and planning to deliver at the county hospital. Women were recruited between 

October 1999 and October 2000 from prenatal care clinics. Study protocols were approved by 

the institutional review board at the University of California, Berkeley. Mothers provided 

informed consent at the study’s onset, and children provided oral assent starting at age 7 and 

written assent at age 12. 

 

Of the 601 pregnant women recruited to the study, 532 women gave birth to liveborn infants. 

One child from each of five twin dyads was randomly selected by a random number generator to 

be excluded from this study to maintain independence between children. Interviews were 

conducted in English or Spanish by bicultural research staff. Mothers were interviewed during 

pregnancy and when their children were 1, 2, 3.5, 5, 7, 9, 10.5 and 12 years old. This analysis 

was restricted to mother-child dyads with complete food insecurity information at age 1 and 2, 

and BMI information at age 2, 3.5, 5, 7, 9, 10.5, and 12. This allowed us to analyze the same 

group of children throughout childhood. The final analytic sample consisted of 243 mother-child 

dyads. A sensitivity analysis was conducted that included children with at least one pair of BMI 

measures across two consecutive time points to examine if associations were consistent when 

children with partial information were included. 

 

Early life food security status: At years one and two, mothers were asked to select yes/no in 

response to the statement, “felt like not enough food to feed baby” in the past 12 months. 

Children whose mothers indicated “yes” to the statement at either year one or year two were 

classified as experiencing early life food insecurity.  

 

Growth outcomes: Trained research staff measured weight and height of the children at each visit 

from age 2 to 12. A SECA brand stadiometer was used to measure barefoot standing height to 

the nearest 1 mm three times, and the three measures were averaged to determine the child’s 

height. A Tanita Mother-Baby Scale Model 1582, Tanita Corp. digital scale was used to measure 

the children’s standing weight to the nearest 0.1 kg until age 9. At age 9, children’s standing 

weight was assessed with a Tanita TBF-300A Body Composition Analyzer, Tanita Corp. 

bioelectrical impedance scale. BMI was calculated as weight (kg)/height (meters)
2
.
 
The Center 

for Disease Control and Prevention’s (CDC) growth charts were used to determine height z-

scores, weight z-scores, and BMI z-scores (44). BMI is a more precise measure when assessing 

changes in adiposity over time in children as opposed to BMI z-scores because the variability of 

a child’s z-score depends on their level of adiposity (45, 46). Therefore, the results discussed in 

this paper primarily focus on BMI. BMI z-scores were reported because they reflect age and sex-

specific values of body fat. Height and weight z-scores were measured to determine if changes in 

BMI were primarily due to changes in fatness as opposed to changes in height. Obesity was 

defined as having a BMI > 95
th

 percentile based on age and sex.  
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Covariates: Maternal age (18-24, 25-29, ≥30), maternal proportion of life spent in the United 

States (<50%, ≥50%), marital status (married or living together, single), maternal education (≤ 

6
th

 grade, 7-12
th

 grade, ≥ high school graduate), parity (first child, 2-3, ≥4
th

), and household 

income (≤100% of the Federal Poverty Level, >100% of the Federal Poverty Level) were 

collected during pregnancy and were considered a priori confounders based upon previous 

research (37, 47). In the year 2000, 100% of the Federal Poverty Level corresponded to an 

annual income of $17,050 for a family of four (48). Child’s birthweight was categorized as low 

(<2,500 g), normal (≥2500g & ≤4,000 g) or high (>4,000 g). Child’s birthweight and mother’s 

pre-pregnancy BMI (underweight & normal weight, overweight, obese) were adjusted for to 

account for variability in children’s BMI (49, 50). Women with underweight pre-pregnancy 

BMI’s (n=2) were combined with women with normal BMI’s and low birthweight babies (n=10) 

were combined with normal birthweight babies (n=197) to avoid small cells. Self-reported pre-

pregnancy weight and measured height were used to calculate women’s pre-pregnancy BMI. 

Considering previous research (41),we tested for effect modification of the early life food 

insecurity and BMI relationship by child’s sex (male, female).  

 

Statistical analysis: Children who were included in the study were more likely to have mothers 

who were older and who had lived less than half of their lives in the US when their children were 

born compared to children who were excluded from the study. To account for differences among 

those with complete case information and those not included in the study, the sample was inverse 

probability weighted to up-weight those who remained in the sample who were similar to those 

who did not remain in the sample (51).  

 

To identify the extent to which early life food insecurity was associated with growth across 

different time periods throughout childhood, we analyzed the change in growth measures across 

six intervals; age 2 to 3.5, 3.5 to 5, 5 to 7, 7 to 9, 9 to 10.5 and 10.5 to 12. Changes in BMI, BMI 

z score, height z-score, weight z-score, and obesity status were analyzed as dependent variables. 

We also analyzed the association between early life food insecurity and obesity at age 2, 3.5, 5, 

7, 9, 10.5 and 12. 

 

To assess the associations between early life food insecurity and change in BMI across each time 

interval, we implemented linear regressions. We used Wald tests to test for effect modification 

by sex on all of the early life food insecurity and growth associations (p<0.10 was considered 

statistically significant). When effect modification was not observed, statistical models adjusted 

for sex in addition to all aforementioned confounders. When effect modification was observed, 

results were stratified by sex and the non-stratified results were not presented. Linear regression 

models also assessed associations between early life food insecurity and change in height z-

scores, in weight z-scores, and in BMI z-scores.  

 

Generalized log linear models with Poisson distributions and robust standard errors were 

implemented to assess the associations between early life food insecurity and obesity status at 

age 2, 3.5, 5, 7, 9, 10.5, and 12. To analyze change in obesity status across each time interval we 

also used generalized log linear models with Poisson distributions and robust standard errors 

because analyzing binary or categorical variables that represented the change in obesity status 

resulted in statistical models that would not converge. Therefore, we assessed the change in 

obesity status by identifying current obesity status as the dependent variable, while controlling 
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for obesity status at the previous time point in addition to the aforementioned covariates. STATA 

(version 12.0, StataCorp, College Station, TX) software was used to conduct all statistical 

analyses. 

 

Results 

At pregnancy, 48% of the women had spent less than five years in the United States and more 

than 60% of mothers were living under the Federal Poverty Level (Table 1). Approximately 76% 

of women lived in households that contained at least one farm worker. Nearly 30% of children 

experienced food insecurity in the first two years of life and the prevalence of childhood obesity 

ranged from 28% at age 3.5, to 36% at age 12 (Table 2). Throughout childhood, BMI 

measurements from the same child were highly correlated as Pearson correlation coefficients 

ranged from 0.78 to 0.96. Including children who became obese and those who transitioned out 

of obesity, 7-10% of children changed obesity status from the previous time point. The mean 

BMI and weight z-score increased as children got older but the mean BMI z-score and height z-

score fluctuated throughout childhood.  

 

Experiencing early life food insecurity was associated with a 0.43 (0.01, 0.82) kg/m
2
 decrease in 

BMI from age 2 to 3.5 after adjusting for maternal age, maternal percent of life spent in the U.S., 

marital status, maternal education, household income, maternal parity, maternal pre-pregnancy 

BMI , child sex, and child birth weight (Table 3). Early life food insecurity was also associated 

with decreases in weight and BMI z-scores from age 2 to 3.5. However, these associations no 

longer remained significant when we analyzed children with incomplete BMI information 

(Appendix Table A1). No significant interactions between food security status and sex were 

found before age 3.5.  

 

When analyzing the change in BMI from age 3.5 to 5 and 5 to 7, the associations between early 

life food insecurity and change in BMI varied significantly by sex. Experiencing early life food 

insecurity was significantly associated with a 0.92 kg/m
2
 (0.38, 1.46) increase in BMI among 

boys from age 3.5 to 5 and a non-significant decrease of 0.04 kg/m2 (-0.59, 0.51) in BMI among 

girls after adjusting for covariates (Table 3). Similar associations were found when assessing the 

changes in BMI and weight z-scores in boys and girls from age 3.5 to 5. During the interval from 

age 5 to 7, experiencing early life food insecurity was associated with a non-significant increase 

in BMI among boys of 0.30 kg/m2 (-0.35, 0.96) and a significant decrease in BMI of 0.68 kg/m
2
 

(0.22, 1.14) among girls after adjusting for covariates. Significant associations between early life 

food insecurity and growth from age 3.5 to 7 were robust in sensitivity analyses. Effect 

modification by sex was not observed for any other growth outcome when analyzing the change 

in growth from age 5 to 7.  

 

No significant associations between early life food insecurity and growth were observed between 

the ages of 7 and 10.5. While early life food insecurity was not associated with changes in BMI 

from age 10.5 to 12, it was associated with a 0.10 (0.01, 0.19) increase in weight z-score and a 

0.12 (0.01, 0.21) increase in BMI z-score. The increase in weight z-score remained significant in 

sensitivity analyses while the increase in BMI z-score did not. No significant associations 

between early life food insecurity and change in height z-score or obesity status were found 

(Appendix Table A2). 
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Children who experienced early life food insecurity were more likely to be obese at every time 

point compared to those who were food secure (Appendix Table A3), however at no age was the 

association between early life food insecurity and risk of obesity statistically significant. For 

example, at age 12, the prevalence of obesity among children who experienced early life food 

insecurity was 40.5% and the prevalence of obesity among children who did not experience early 

life food security was 34.6%.  

 

Discussion 

Our study aimed to assess the associations between early life food insecurity and change in BMI 

and obesity status from age 2 to 12 in a sample of Latino children from predominantly farm 

working households. Early life food insecurity was associated with changes in growth 

differentially between boys and girls at different times and both positive and negative 

associations were found. Early life food insecurity was not associated with obesity at any time in 

childhood. This was also the first paper to our knowledge to identify an association between 

early life food insecurity and changes in growth in children ten years after the food insecurity 

was experienced. 

 

In contrast with past longitudinal studies that found largely positive associations between early 

life food insecurity and weight status (36, 38), in the present study significant negative 

associations were found between early life food insecurity and change in weight z-score, BMI 

and BMI z-score from age 2 to 3.5. These findings were attenuated and not significant when 

analyzing children who did not have growth measures across every time frame. This may have 

been because those who were missing visits had experienced less severe early life food insecurity 

and were more comfortable missing opportunities to meet with health professionals, or this may 

have been by chance as the associations were borderline statistically significant. However, the 

negative associations we observed are consistent with cross sectional studies that have analyzed 

Latino populations and found that food insecurity may lead to decreased caloric intakes (52, 53). 

Although these studies focused on current food security status, early life food insecurity may act 

through similar episodes of under consumption to affect children’s growth from age 2 to 3.5, 

given the temporal proximity of when early life food insecurity occurred.  

 

Consistent with previous cross sectional (40, 54, 55) and longitudinal (38, 41) studies, we found 

effect modification of the food insecurity and BMI relationship by sex. More specifically, our 

results are consistent with past research that found early life food insecurity to be associated with 

an increase in BMI from age 3.5 to 5 among boys (41) and a decrease in BMI from age 5 to 7 

among girls (40, 41). However, our findings are inconsistent with our hypothesis that early life 

food insecurity would be associated with greater gains in BMI in both boys and girls. Our 

hypothesis was supported by evidence that indicated early life exposure to food insecurity may 

cause obesity promoting changes to the stress response (56), and additional research that found 

early life exposure to food insecurity engendered changes in parenting and feeding practices that 

promoted obesity (37). According to this evidence, we would expect the early life food insecurity 

and weight gain relationship to be modified by sex if boys and girls have different stress 

responses to food insecurity, or if the parenting and feeding practices used by parents are 

dependent on the sex of their children. Two past studies that found food insecurity to 

differentially effect weight status by gender suggested the difference may be attributed to 

dissimilarities in how boys and girls respond to stress (40, 41). However, while research has 
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identified sex differences in response to prenatal stress (57), we found no research that 

investigated if early life food insecurity leads to different stress responses in boys and girls. In 

contrast, a body of research has identified that parents feed their children differently according to 

their sex (58-61). For example, Mexican American parents have been found to encourage their 

sons to eat more than their daughters, and also to promote restrictive feeding practices more to 

their daughters than their sons (58). If boys are taught feeding practices that promote greater 

consumption while girls are taught practices that promote less consumption in response to early 

life food insecurity, this would support our findings that early life food insecurity was associated 

with greater growth in boys and less growth in girls from age 3.5 to 7. 

 

Early life food insecurity was not associated with BMI after age 7, although it was positively 

associated with BMI z-score in early adolescence. Early life food insecurity may not have been 

associated with BMI after age 7 because the effects of parental feeding practices may diminish as 

children get older (58). Children also may change their eating behaviors when they begin eating 

with peers outside of the household, which would likely occur more often as they get older (62, 

63). However, it is difficult to explain how early life food insecurity could act through parenting 

or feeding practices to influence BMI z-scores in early adolescence, and not in later childhood. 

This association is better explained by implementing the life course perspective, which suggests 

that stressors experienced in critical time periods can have lasting adverse effects on health (7). 

Although not analyzed in this study, early life exposure to food insecurity has been associated 

with hormonal changes in infants that affect their growth later in life. Evidence from animal 

models suggests that low availability of food in the postnatal period can influence the expression 

of hormones to delay puberty (64-66). If early life exposure to food insecurity made it more 

likely for children to experience pubertal growth between age 10.5 and 12, this could explain the 

increase in BMI z-score we observed across this time period (67). 

  

We found no significant association between early life food insecurity and increased risk for 

obesity, although the associations were consistently positive. These findings are inconsistent 

with three previous studies that found positive associations between early life food insecurity and 

obesity at ages that ranged from 2-5 (36-38). Our findings may have not reached statistical 

significance because we studied a smaller sample of children than past studies. It should also be 

noted that although early life food insecurity was not associated with changes in BMI 

categorization, that the changes in BMI recorded in this study were consistent in size with 

changes in BMI that have been associated with elevated blood pressure and lipid levels later in 

life (68, 69). 

 

The prevalence of early life food insecurity and obesity in this study were both larger than the 

national average (70), which contributes to greater statistical power for the analyses (71). The 

longitudinal nature of the CHAMACOS dataset allowed us to analyze the association between 

early life food insecurity and weight status at seven time points across ten years. Analyzing a 

population that faces unique health barriers likely reduced the generalizability of the results, but 

the similar characteristics shared by this population may have reduced unmeasured confounding. 

This study would have been strengthened by assessing early life food insecurity with the United 

States Department of Agriculture’s Food Security Core Module (72) because this would have 

allowed us to distinguish the severity of food insecurity experienced in the first years of life. 
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Farm working households face many barriers to health, and this study found that children from 

predominantly farm working households were often exposed to food insecurity in their first years 

of life. Programs and policies that focus on improving the food security status of farm working 

households with babies and infants need to be strengthened or created to protect these children 

from the long lasting effects of experiencing food insecurity during this critical time. This study 

highlighted how sex and age modify the association between early life exposure to food 

insecurity and weight. Future mechanistic studies are needed to explain why early life exposure 

to food insecurity may affect boys and girls differently. 
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Table 1: Characteristics of mothers and their children in the CHAMACOS study at baseline 

 Food Secure n=169 

(70.5%) 

Food Insecure n=74 

(29.5%) 

Total Population 

n=243 (100%) 

Characteristic n (%)
1
 n (%) n (%) 

Maternal age    

  18-24 74 (50.4) 22 (36.4) 96 (46.3) 

  25-29 54 (29.9) 31 (39.7) 85 (32.8) 

  ≥30 41 (19.7) 21 (23.9) 62 (20.9) 

Maternal % of life spent in the 

U.S. 

   

  <50% 143 (80.8) 66 (85.8) 209 (82.3) 

  ≥50% 26 (19.2) 8 (14.2) 34 (17.7) 

Marital Status    

  Married or living as married 142 (81.6) 61 (81.9) 203 (81.9) 

  Single 27 (18.4) 13 (18.1) 40 (18.1) 

Maternal education    

  ≤ 6
th

 Grade 70 (40.5) 38 (48.2) 108 (42.8) 

  7-12
th

 Grade 62 (36.0) 25 (36.5) 87 (36.1) 

  ≥ High school graduate 37 (23.5) 11 (15.3) 48 (21.1) 

Maternal Parity    

  First child 51 (33.7) 21 (31.7) 72 (33.1) 

  2-3  95 (53.2) 38 (49.7) 133 (52.2) 

  ≥4th 23 (13.1) 15 (18.6) 38 (14.7) 

Maternal Pre-pregnancy body 

mass index 

   

  Underweight & Normal 63 (41.4) 22 (33.2) 85 (39.0) 

  Overweight 63 (36.1) 33 (43.5) 96 (38.3) 

  Obese 43 (22.5) 19 (23.3) 62 (22.7) 

Household income    

11



 

  ≤100% of the Federal Poverty 

Level 

105 (58.6) 54 (68.4) 159 (61.5) 

  >100% of the Federal Poverty 

Level 

64 (41.4) 20 (31.6) 84 (38.5) 

Child sex     

  Female 95 (52.2) 35 (45.7) 130 (49.7) 

  Male 74 (47.8) 39 (54.3) 113 (50.3) 

Child birth weight    

  Low or normal weight 144 (86.2) 63 (86.4) 207 (86.2) 

  High 25 (13.8) 11 (13.6) 36 (13.8) 

1 
Unweighted n's and weighted percentages. 
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Chapter 3. Household food insecurity is associated with decreased weight and body mass 

index z-scores among Latino children from CHAMACOS 

 

Introduction 

Household food insecurity is present “whenever the availability of nutritionally adequate and 

safe food, or the ability to acquire acceptable food in socially acceptable ways, is limited or 

uncertain” (2). Household food insecurity disproportionately affects U.S. households with 

children; 16.6% compared to 10.9% of households without children in 2015 (3). The prevalence 

of household food insecurity among Latino families is almost two times that for non-Hispanic 

white households and 21.9% of children in Latino households are exposed to food insecurity 

compared to 13.1% of non-Hispanic white households (3). Compared to non-Hispanic white 

children, Latino children disproportionately live in food deserts which may exacerbate any 

negative effects of food insecurity (73). Food insecurity and limited access to healthy foods have 

been hypothesized to influence children’s weight (74-77). 

 

Three review articles that assessed the association between household food insecurity and weight 

status in children concluded that studies had largely mixed findings (74-76). However, only three 

studies (41, 78, 79) focused on the association between household food insecurity and changes in 

BMI over time and two of these studies found positive associations (41, 79). Associations 

between household food insecurity and continuous BMI are important because a food insecurity 

induced increase in BMI during childhood that does not cause a child to become obese may still 

influence a child’s risk of asthma, blood pressure and cardiovascular disease in adulthood (80-

82). Additionally, observing changes in BMI throughout childhood could help identify periods 

when children are most susceptible to household food insecurity. Only two studies that assess the 

food insecurity and weight relationship focus on Latino populations, and both found food 

insecurity to be negatively associated with BMI (52, 53). Matheson et al. analyzed 124 Latino 

children in the 5
th

 grade and found that food insecurity was associated with lower caloric intakes 

and BMI’s in the days leading up to payday (52). They suggested the decrease in caloric intake 

resulted from there not being enough money for food. 

 

Persistent food insecurity is defined as being food insecure over multiple measures in a 

longitudinal study (83, 84). The prevalence of persistent food insecurity has been reported to be 

low in nationally representative samples (83, 84). Among a nationally representative sample of 

kindergartners, Ryu et al. found that 3.2% of households were food insecure for three years and 

1.2% of households were food insecure for four years when the average annual prevalence of 

food insecurity was 9% (83). Persistent food insecurity may have a greater adverse effect on 

children’s health outcomes than experiencing food insecurity for a shorter duration (83, 85). 

Among children, Kirkpatrick et al. found experiencing hunger once in a ten year period was not 

associated with self-reported health while experiencing hunger two or more times was adversely 

associated with self-reported health (85). Although persistent food insecurity may have a greater 

adverse effect on children’s health than experiencing shorter durations of food insecurity, no 

studies were identified that targeted low income children and followed them throughout 

childhood to determine how persistent food insecurity may be associated with growth. One study 

by Jyoti et al. (41) also provides evidence that changing food security status over time may 

influence weight status. Among 11,400 children, living in a household that transitioned from 

food security to food insecurity over a four year period was significantly associated with 
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increases in weight and BMI gains among boys (1.2 kg and 0.43 kg/m
2
 respectively), but was not 

significantly associated with decreases in weight and BMI gains among girls (-0.81 kg and -0.45 

kg/m
2
 respectively). 

 

Our study attempts to build on existing research by examining the extent to which changing food 

security status across two time points is associated with subsequent changes in BMI over an 

eight-year period from age 5 to 12 in a sample of low income Latino children. We also assess 

how living in a persistently food insecure household across three time points is associated with 

changes in BMI. Informed by past research (41, 52, 53), we hypothesize that household food 

insecurity will be associated with decreased gains in BMI during the same time period. We also 

hypothesis that transitioning from a food insecure household to a food secure household will 

result in increased gains in BMI over the two time points because of the greater availability of 

food in the household. Lastly, the decreased gains in BMI brought on by household food 

insecurity are anticipated to be larger among boys, as girls may be more likely than boys to 

overconsume food after having to restrict their eating (36, 41, 59). 

 

Methods 

Study procedures and methods of the Center for the Health Assessment of Mothers and Children 

of Salinas (CHAMACOS) longitudinal birth cohort have been described elsewhere (42, 43). The 

primary aim of CHAMACOS was to explore how environmental exposures affected pregnant 

women and their children. The recruitment of pregnant women took place at prenatal clinics 

between October 1999 and October 2000, and follow-up is ongoing. Eligibility criteria included 

being in the first half of pregnancy, MediCal eligible, English or Spanish speaking, ≥18 years of 

age, and planning to deliver at the county hospital. All study protocols were approved by the 

University of California Berkeley institutional review board. Maternal consent was obtained at 

the beginning of follow-up and children provided oral assent at age seven and written assent at 

age 12. 

 

Five hundred and thirty-two women had liveborn infants of the 601 pregnant women who 

participated in the study. A random number generator was used to exclude one child from each 

of five twin dyads to ensure independence between children. Demographic, socioeconomic and 

acculturation information was collected from mothers during pregnancy and when their child 

was 5, 7, 9, 10.5 and 12 years old. Child characteristics and behaviors were also collected at age 

5, 7, 9, 10.5 and 12. Mothers were interviewed by bicultural interviewers in either English or 

Spanish at each child visit. Only the 204 mother-child dyads with complete household food 

security status, height z-score, weight z-score, body mass index (BMI) and BMI z-score data 

across all time points were included in this study. The study population was inverse probability 

weighted to the original sample to account for the differences between those who were included 

and excluded in the study (51). For sensitivity analyses, all statistical modeling was also 

performed on an imputed dataset that contained an additional 44 children who had incomplete 

data for one or more independent variables (86). The imputation model included all variables in 

the dataset and five imputations with chained equations were conducted. 

 

Household food security status was assessed with the United States Department of Agriculture’s 

(USDA) six-item Food Security Survey Model (87). Households were considered food insecure 

if the respondent answered one or more of the food insecurity questions affirmatively and food 
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secure if they did not respond affirmatively to any question. Questions and affirmative responses 

are shown in Figure 1. Household food security status was characterized in three ways: 

household food security status at the time point prior to change in weight status, an indicator 

variable capturing status over two time points and an indicator variable capturing status over 

three time points. Household security status across two time points was categorized as 

transitioned to food security, transitioned to food insecurity, remained food secure across two 

time points, or remained food insecure across two time points. Household food security status 

across three time points was categorized as persistently food secure, persistently food insecure, 

or changed food security status at least once across the three time points. Additionally, based on 

previous research early life exposure to food insecurity was considered a confounder a priori 

(56). A child was considered to have experienced early life food insecurity if at age 1 or 2 their 

mother felt like she did not have enough food to feed their baby in the last 12 months. 

 

Changes in height z-score, weight z-score, BMI, BMI z-score and obesity were assessed as 

outcomes. Weight and height were measured by trained research staff at age 5, 7, 9, 10.5 and 12. 

Standing height was measured to the nearest 1mm with a SECA brand stadiometer three times 

and then averaged. At age 5 and 7, weight was measured with a Tanita Mother-Baby Scale 

Model 1582, Tanita Corp. digital scale and was rounded to the nearest 0.1 kg. At age 9, 

children’s standing weight was assessed with a bioelectrical impedance scale (Tanita TBF-300A 

Body Composition Analyzer, Tanita Corp.) and rounded to the nearest 0.1 kg. BMI was 

calculated as weight (kg)/height (meters)
2
 and obesity was defined by having a BMI >95

th
 

percentile. Height z-scores, weight z-scores, and BMI z-scores were generated in accordance 

with the Center for Disease Control and Prevention’s (CDC) growth charts (44). Change in BMI 

is the primary dependent variable because it is a more precise measure of changes in adiposity in 

childhood compared to change in BMI z-score because the variability of a child’s BMI does not 

depend on their adiposity (45, 46). However, change in BMI z-score was also presented to 

provide gender and age specific measures of adiposity. Changes in height and weight z-scores 

were assessed to determine if changes in BMI were driven more by changes in height or weight. 

 

The following demographic variables were retained for all models: Maternal age (18-24, 25-29, 

≥30), marital status (married or living as married, single) and parity (1, >1). We also included 

socioeconomic and acculturation factors (41, 78, 79) as measured by the following: household 

income (≤100% of the Federal Poverty Level, >100% of the Federal Poverty Level); maternal 

percent of life spent in the United States (<50%, ≥50%); and maternal education (≤ 6
th

 grade, 7-

12
th

 grade, ≥ high school graduate). The following child characteristics and behaviors were 

controlled for to reduce variability in the growth measures: child’s birthweight (low <2,500g, 

normal birthweight ≥2500g & ≤4,000g and high birth weight >4,000g), hours spent watching 

television (<1 hour/day, 1-2 hours/day, 3+ hours/day), hours spent playing outside (<1 hour/day, 

1-2 hours/day, 3+ hours/day), and puberty status (prepubescent, pubescent). A girl was 

considered pubescent if she achieved Tanner stage 2 for breast development, and a boy was 

considered pubescent if he had pubic hair or genitalia at stage 2. Normal birthweight babies were 

combined with low birthweight babies (n=6) to avoid positivity violations.  

 

Linear regressions were applied when analyzing the associations between household food 

security status and change in height z-score, change in weight z-score, in BMI and in BMI z-

score across each time interval. The household food security status exposure variable was lagged 
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in statistical models, meaning when we assessed the association between household food security 

status and change in BMI from age 5 to 7, we analyzed household food security status at age 5. 

Wald tests (p<0.10) were implemented to test for effect modification of the household food 

insecurity and BMI relationship by pre-pregnancy BMI (underweight & normal weight, 

overweight, obese) and child’s gender (girl, boy) (36, 41). The one woman with a pre-pregnancy 

BMI that indicated she was underweight was grouped with women with normal pre-pregnancy 

BMIs to avoid positivity violations from analyzing an unbalanced categorical variable. 

 

Generalized log linear models with Poisson distributions and robust standard errors were used to 

analyze the associations between household food security status and change in obesity status 

across each time interval. To assess change in obesity status we identified current obesity status 

as the outcome in the statistical models and adjusted for obesity status from the previous time 

point, in addition to the aforementioned covariates. 

 

Generalized estimating equations were not implemented to obtain a pooled estimate of the 

association between household food insecurity and BMI from age 5 - 12, as the association 

between household food insecurity and BMI was related to both increases and decreases in BMI 

depending on the age of the child. However, generalized estimating equations were implemented 

to identify how changing household food security status over two time points and the persistence 

of household food insecurity across three time points were associated with changes in growth. 

An unstructured correlation matrix was assigned to the generalized estimating equations due to 

unequal spacing in the data, and to allow the correlation of BMI from different time points to 

vary. Huber-White sandwich estimators were implemented to produce robust standard errors 

(88). STATA (version 12.0, StataCorp, College Station, TX) was implemented for all statistical 

analysis. 

 

Results 

At the time of pregnancy, mothers had lived in the United States an average of 7.5 years (Table 

1) and 76% lived in households that contained at least one farm worker. At age 5, 15.9% of 

mothers were single and 78% had not graduated from high school. Over half of the mother-child 

dyads lived below the poverty level. As expected, during this time of growth and development 

the average BMI increased as children got older (Table 2). The prevalence of obesity increased 

from 30.1% at age 5 to 36.5% at age 12. The prevalence of household food insecurity decreased 

from 46.1% at age 5 to 36.9% at age 12 (Table 2) and 17% of households were food insecure 

across all five time points (data not shown). The proportion of children who transitioned to 

become food secure or transitioned to become food insecure over two time points decreased as 

children got older, ranging from 26% at age 7 to 19% at age 12.  

 

Before age 9 there was no evidence of an association between household food security status and 

growth (Table 3, Appendix A4). Experiencing household food insecurity at age 9 was associated 

with a significant decrease in weight z-score of 0.15 (0.07, 0.23) and a significant decrease in 

BMI z-score of 0.18 (0.09, 0.26) between age 9 to 10.5 compared to experiencing household 

food security, after adjusting for maternal age, maternal proportion of life spent in the U.S., 

marital status, maternal education, household income, early life exposure to food insecurity, 

maternal parity, maternal pre-pregnancy BMI, child gender, child birth weight, hours the child 

plays outside, hours the child watches T.V., and child puberty status (Table 3). These findings 
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remained significant when analyzing the imputed dataset that included the children with 

incomplete confounder information. The association between household food insecurity at age 

10.5 and weight and BMI z-score from age 10.5 to 12 remained negative, although the results 

were no longer statistically significant. Household food insecurity was not associated with height 

or BMI at age 9 or after. 

 

Compared to children in households that remained food secure across two time points, children 

who lived in households that remained food insecure across two time points had decreased gains 

in height z-score, weight z-score, and BMI z-score but no decreased gains in absolute BMI 

(Table 4). Children in households that changed from being food secure to food insecure had 

decreased weight, BMI z-scores, and absolute BMI but not height z-score relative to children 

who lived in food secure households across both time points. No association was found among 

children in households that became food secure. Findings regarding changes in weight and BMI 

z-score were robust across sensitivity analyses.  

 

Living in a persistently food insecure household or a household that changed food security status 

over three time points was associated with decreased gains in growth compared to children who 

lived in persistently food secure households, although these results were not statistically 

significant. Similarly, the adjusted log linear Poisson models showed no association between any 

of the household food security exposures and obesity (Appendix Table A5). Child gender and 

maternal pre-pregnancy BMI were only found to modify the relationship (p<0.10) between 

household food security status and change in growth in very few instances and never produced 

significant results. Therefore stratified estimates are not presented. 

 

Discussion 
Consistent with previous research (3, 31), the prevalence of household food insecurity (19.2%) 

and childhood obesity (16.9%) in this sample of low income Latino children consistently 

exceeded National prevalence estimates (3, 31). The extremely high prevalence of household 

food insecurity and persistent food insecurity in this study suggest that household food insecurity 

may be an enduring problem in low income Latino communities. 

 

Unexpectedly, household food insecurity was only significantly associated with a decrease in 

growth from age 9 to 10.5. Although not analyzed in this study, finding an association between 

household food insecurity and decreased growth only from age 9 to 10.5 may be because 

household food insecurity is associated with delayed pubertal onset (89, 90). The children’s 

average height z-score, weight z-score, BMI, and BMI z-score were all highest at age 10, which 

is possibly indicative of children having pubertal growth spurts from age 9 to 10.5. Although we 

adjusted for puberty at age 9, if children in food insecure households were more likely to begin 

puberty at the end of the 1.5 year interval, they may have been less likely to experience a large 

pubertal growth spurt over that time. This may explain why children living in food insecure 

households had relatively less growth over this time compared to children living in food secure 

households. However, with known differences in pubertal onset between boys and girls, we 

would have anticipated observing differences in growth by gender. 

 

While some longitudinal studies have not found an association between household food 

insecurity and weight (78, 91), many have found positive associations and suggest the food 
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insecurity and weight association is mediated by poor diet quality (36-38, 41, 92). Our results 

likely differed from previous studies because of two reasons. First, past studies (36-38, 41, 91, 

92) largely focused on children of younger ages who may be better insulated from the harmful 

effects of household food insecurity; parents have been shown to buffer their children from the 

harmful effects of food insecurity by reducing their dietary intakes to insure the children have 

enough to eat (93, 94). Second, we analyzed a highly marginalized population of Latino children 

in the Salinas Valley. The majority of households contained at least one farm worker when 

mothers were pregnant with the children in this study, and Latino farm workers face barriers to 

accessing food assistance programs (15, 16). It is possible limited access to these programs 

exacerbated the effects of food insecurity and forced children to experience episodes of caloric 

restriction (52, 53, 55, 95, 96). 

 

Inconsistent with our hypothesis, living in a household that transitioned from being food insecure 

to food secure did not result in increased weight gain. This hypothesis was based upon research 

that suggests food insecure individuals may overconsume when ample food becomes available 

(36, 41, 59), however because household food security status was assessed every one and a half 

to two years, the duration of overconsumption may have been relatively short and not 

contributed largely to growth. While persistent food insecurity was associated with decreased 

gains in growth, these associations were not statistically significant. Assessing change in growth 

over three time points as opposed to two reduced the number of observations analyzed, and the 

subsequent loss of power may explain why we did not observe statistically significant findings. 

 

These results differ from Jyoti et al. (41) who found changing household food security status was 

significantly associated with greater weight gain and BMI among boys. Differences in our 

studies may be due to the varying length of time intervals examined, as Jyoti et al. analyzed the 

effect of changing household food security status on weight and BMI over a four year time 

period, while we measured the average association between change in household food security 

status and growth over four time intervals that were much shorter — one and a half or two years 

long. We may not have observed effect modification by gender because we analyzed older 

children and differences in parent feeding practices and how children respond to them may 

dissipate with age (58). 

 

Four important points should be made regarding the measures and point estimates reported in 

this study and their potential impact on the childhood obesity epidemic. First, we observed more 

significant findings when analyzing weight and BMI z-scores as opposed to BMI. This may be 

because small changes in absolute BMI may reflect large changes in gender and age specific 

BMI z-scores in children. Second, large changes in height z-score were not observed, which 

suggests that changes in BMI were primarily caused by changes in weight. Third, although a 

large proportion of study participants were obese and household food insecurity was associated 

with decreased growth across all intervals after age 7, household food insecurity is not a 

beneficial experience for children as it has been associated with an array of negative health 

consequences (76, 97). Lastly, while household food insecurity was associated with statistically 

significant changes in growth, these changes might not be clinically meaningful, which in one 

instance has been defined as a change in BMI z-score > 0.5 (98). This may explain why the 

significant changes in BMI z-score did not translate to changes in obesity status in this study. 

However, the small changes in growth observed in this study may still affect health later in life 
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(68, 69, 81), and may have large effects on the U.S. population given the high prevalence of 

children who live in food insecure households (3). 

 

Findings derived from the implementation of generalized estimating equations should be 

interpreted with caution as they estimated averaged associations across different consecutive 

time points, and we found that age modifies the association between household food security 

status and changes in growth. For example, when implementing generalized estimating equations 

to estimate the association between persistent food insecurity and growth, estimates associated 

with living in a persistently food insecure household from age 5 to 10.5 were averaged with 

estimates associated with living in a persistently food insecure household form age 7 to 12 to 

produce an estimated average effect. Therefore, the extrapolation of these results to children 

across a different age range should be avoided. 

 

The key strength of this study was having five measurements of household food security status 

across eight years. This long duration allowed us to show that the association between household 

food security status and change in growth is modified by children’s age. This study also 

benefited from studying Latino children from an agricultural community who may share many 

characteristics. Similarities in this population may have decreased unmeasured confounding, but 

also reduced the generalizability of our results. 

 

The low income Latino children experienced high rates of household food insecurity, and 

household food insecurity was associated with decreases in childhood growth. The results of this 

study are consistent with previous work that suggested Latino children may decrease their caloric 

intakes because there is not enough money to buy food (52, 53). Household food insecurity is a 

dynamic condition, and identifying the developmental periods when children are most 

susceptible to the negative consequence of food insecurity will help programs that aim to 

alleviate food insecurity target vulnerable groups. 
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Figure 1: Description of the United States Department of Agriculture’s six item scale to assess 

household food security status (87) 

 

Question Affirmative 

response 

“The food that I bought just didn't last, and I didn't have money to 

get more." During the last 12 months, was that often, sometimes, 

or never true for you?  

Often or sometimes 

 

"I couldn't afford to eat balanced meals." During the last 12 

months, was that often, sometimes, or never true for you? 

Often or sometimes 

 

During the last 12 months, did you ever cut the size of your meals 

or skip meals because there wasn't enough money for food?  

Yes 

During the last 12 months, did you ever eat less than you felt you 

should because there wasn't enough money to buy food?  

Yes 

How often did this [cut size or skip meals] happen?  

 

Almost every month 

or Some months but 

not almost every 

month 

During the last 12 months, were you ever hungry but didn't eat 

because you couldn't afford enough food? 

Yes  

Assessing Food Security Status 

0 Affirmative responses – Food secure 

≥1 Affirmative response – Food insecure 
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Table 1: Characteristics of mothers and their children in the CHAMACOS study at age 5
1
 

 Food Secure 

n=109 (54.8%) 

Food Insecure 

n=95 (45.2%) 

Total 

Population             

n=204 (100%) 

Characteristics n (%) n (%) n (%) 

Maternal age    

  18-24 45 (49.9) 34 (40.7) 79 (45.7) 

  25-29 33 (26.9) 39 (41.3) 72 (33.4) 

  ≥30 31 (23.2) 22 (23.9) 53 (20.9) 

Maternal % of life spent in the U.S.    

  <50% 92 (78.1) 86 (87.8) 178 (82.5) 

  ≥50% 17 (21.9) 9 (12.2) 26 (17.5) 

Maternal education    

  ≤ 6
th

 Grade 44 (40.5) 46 (47.9) 90 (43.8) 

  7-12
th

 Grade 34 (30.0) 37 (39.0) 71 (34.1) 

  ≥ High school graduate 31 (29.5) 12 (13.1) 43 (22.1) 

Maternal Pre-pregnancy body mass index    

  Underweight & normal 44 (47.8) 24 (29.4) 68 (39.5) 

  Overweight 40 (34.1) 41 (43.3) 81 (38.3) 

  Obese 25 (18.2) 30 (27.3) 55 (22.3) 

Early life food insecurity    

  Food Secure 92 (86.0) 55 (57.8) 147 (73.2) 

  Food insecure 17 (14.1) 40 (42.2) 57 (26.8) 

Child gender     

  Female 62 (51.9) 48 (46.3) 110 (49.4) 

  Male 47 (48.1) 47 (53.7) 94 (50.6) 

Child birth weight    

  Low or normal weight 92 (86.0) 81 (86.5) 173 (86.2) 
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  Macrosomic 17 (14.0) 14 (13.5) 31 (13.8) 

    

Time varying characteristics    

Marital status     

  Married or living as married 94 (84.1) 86 (90.1) 180 (86.8) 

  Single 15 (15.9) 9 (10.0) 24 (13.2) 

Maternal parity     

  1 58 (57.1) 32 (36.3) 90 (47.7) 

  >1  51 (42.9) 63 (63.7) 114 (52.3) 

Household income    

  ≤100% of the Federal Poverty Level 57 (51.9) 73 (77.7) 130 (63.6) 

  >100% of the Federal Poverty Level 52 (48.1) 22 (22.3) 74 (36.4) 

Child T.V. status    

  <1 hour/day 27 (24.7) 28 (28.6) 55 (26.4) 

  1-2 hours/day 33 (32.2) 32 (32.4) 65 (32.3) 

  3+ hours/day 49 (43.1) 35 (39.1) 84 (41.3) 

Child physical activity status     

  <1 hour/day 15 (13.6) 15 (14.2) 30 (13.8) 

  1-2 hours/day 55 (46.6) 48 (50.9) 103 (48.5) 

  3+ hours/day 39 (39.8) 32 (35.0) 71 (37.6) 

Child puberty status    

  Prepubescent 109 (100) 95 (100) 204 (100) 

  Pubescent 0 (0) 0 (0) 0 (0) 

1 Unweighted n's and weighted percentages 
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Chapter 4. Food insecurity is not associated with excessive gestational weight gain in a 

California representative sample of pregnant women from the Maternal and Infant Health 

Assessment Survey 2010 – 2012 

 

Introduction 

Food insecurity is the state of uncertain access to enough nutritionally adequate food for an 

active and healthy life (2). Household food insecurity has been associated with elevated body 

mass index (BMI) and obesity in non-pregnant populations (97, 99-106), including women (100-

102), women of child-bearing age (99, 103) and post-partum women (104-106). Although 18% 

of pregnant women in the United States experience household food insecurity (107), only two 

small studies have examined the association between food insecurity and weight gain during 

pregnancy (105, 108).  

 

Understanding if the association between food insecurity and weight gain persists into pregnancy 

is important. Gaining either inadequate or excessive gestational weight can lead to a host of 

negative outcomes for a mother and her offspring, including complications during pregnancy and 

birth, and a higher incidence of chronic disease later in life (109, 110). Unhealthy gestational 

weight gain is currently a major public health concern as approximately 20% of pregnant women 

do not gain an adequate amount of weight during gestation, and almost 50% exceed the Institute 

of Medicine’s (IOM) guidelines for weight gain during pregnancy (26-28). 

 

Food insecurity may be associated with both positive and negative gestational weight gain, 

depending on the severity of the food insecurity experienced. Studies finding positive 

associations between food insecurity and weight gain often theorize that it is due to an economic 

reliance on energy dense, nutrient poor foods (97, 100, 108). However, Dutch hunger studies 

have also shown that food insecurity can be associated with gaining less weight during 

pregnancy in extreme cases, where women do not consume enough calories (111). 

Distinguishing between low and very low levels of food insecurity may help explain why past 

analysis of the food insecurity and gestational weight gain relationship have produced mixed 

results. 

 

Race has been found to modify associations between food insecurity and health outcomes (112, 

113). Adams et al. found food insecurity to be associated with an increased risk of obesity among 

non-white women, but not among white women (22), and suggested the differences in weight 

gain may be due to people of different racial/ethnic backgrounds having different cultural 

attitudes towards body size and different coping mechanisms in response to food insecurity. 

Determining if the food insecurity and gestational weight gain association is modified by 

race/ethnicity may provide insight into the mechanism for which food insecurity influences 

gestational weight gain, and may help explain the large racial differences in gestational weight 

gain (114). 

 

This study has two aims: 1) Analyze the influence of low and very low food security on 

gestational weight gain; and 2) Assess differential association of food insecurity on gestational 

weight gain by race/ethnicity. We hypothesize women who experience marginal and low food 

security will gain more gestational weight and women who experience very low food insecurity 

will gain less gestational weight than their food secure counterparts. Additionally, we 
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hypothesize that any association between food insecurity and gestational weight gain will be 

attenuated among non-Hispanic white women compared to women of other racial/ethnic 

backgrounds. 

 

Methods 
California’s Maternal and Infant Health Assessment (MIHA) is an annual stratified random 

sample survey of English- or Spanish-speaking women in California who recently had a live 

birth. MIHA has been conducted since 1999 and its methodology has been published elsewhere 

(24). Non-residents, women with multiple births greater than three, non-institutionalized women, 

and girls under age 15 years are excluded; its data are weighted to represent all California 

women with a live birth during each survey year. The Birth Statistical Master File produced by 

the Office of Vital Statistics identifies the target population for the weights (115). African 

American women are oversampled to ensure there are enough individuals from this group to 

report reliable estimates. Since its inception, MIHA has maintained an annual response rate of 

approximately 70% by contacting women through mail and telephone (115).  

  

This analysis includes 12,097 of the 20,480 women who participated in MIHA from 2010 – 

2012. Women with household incomes >400% of the Federal Poverty Guidelines (FPG, 

n=3,109) were excluded because food insecurity is rarely observed in houses with incomes 

greater than 400%. Women who had multiple births (n=212) and women <20 years of age 

(n=1,759) were excluded as gestational weight gain recommendations may be different for these 

groups (116, 117). Women who did not have a full-term birth (37-42 weeks) were also excluded 

(n=1,215), as were women with missing food security status (133), gestational weight gain (72), 

or covariate (1,845) information. Additionally, women who reported losing >30 pounds (n=16) 

or gaining >97 pounds (n=21) were excluded. After identifying this subpopulation from the 

weighted sample of pregnant women, one woman was the lone sampling unit in a stratum and 

was therefore excluded (118), which left a final sample of 12,097 women.  

 

For sensitivity analysis, multiple imputations were conducted to predict household income values 

for women who were only missing household income information (n=671) because household 

income was the only variable that >5% of women had missing values for (5.3%). The ordered 

logistic regression imputation model determined if the household income was 0-100% the FPG, 

101-200% the FPG, 201-300% FPG, or 301-400% FPG. Five imputations were conducted and 

all variables were included in the imputation model. 

 

Food insecurity during pregnancy was assessed using the Food Security Module Six Item Short 

Form developed by the United States Department of Agriculture (4); it was modified to ask 

about the women’s experiences during pregnancy as opposed to the household’s experience 

during the previous 12 months (Table 1). Food security status was determined by the number of 

affirmative responses women gave to the 6 food security questions. Values were imputed for 

respondents with 1-2 missing questions (6% of the population, n=663). Imputation involves 

ordering the questions from least severe to most severe. Because some questions had more than 

two responses, an affirmative response (i.e. “yes”) was determined for each question, as shown 

in Table 1. Missing values were imputed to “yes” if a) any more severe questions had an 

affirmative response and b) no less severe items had a negative response. Values otherwise were 

imputed to “no.” After imputation, all women were categorized into one of four groups based on 
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their responses: full food security (n=7,975), marginal food security (n=1,355), low food security 

(n=1,917), or very low food security (n=850).  

 

Birth certificate data on gestational weight gain was analyzed (95% of the population, n=11,310) 

unless this information was missing, in which case data from the MIHA survey was analyzed 

(5% of the population, n=787). Weight gain data from birth certificates was given precedence 

over the weight gain from the MIHA survey because it was gathered closer to conception. 

Gestational weight gain was analyzed continuously as pounds gained, and categorically –

inadequate, adequate, and excessive—relative to the IOM guidelines. The IOM guidelines for 

weight gain during pregnancy are dependent on pre-pregnancy BMI. Underweight women (BMI 

<18.5) are encouraged to gain 28-40 lbs., normal weight women (BMI 18.5 – 24.9) 25-35 lbs., 

overweight women (BMI 25-29.9) 15-25 lbs., and obese women (BMI ≥30) 11-20 lbs. (116). 

Birth certificate data on pre-pregnancy BMI measures were analyzed (96% of the population, 

n=11,364) unless this information was missing, in which case data from the MIHA survey was 

analyzed (4% of the population, n=733). For sensitivity analyses, gestational weight gain was 

also measured as an age standardized z-score (119). For gestational age standardization, women 

were compared to a cohort of non-Hispanic white and non-Hispanic African American women in 

the United States with uncomplicated singleton pregnancies (119). 

 

Survey year (2010, 2011, 2012), nativity (born in the U.S., foreign born), language spoken at 

home (English, Spanish, other language - including both English and Spanish equally), age (20-

24, 25-29, 30-34,>35), number of live births (1 indicating this was their first pregnancy, 2, 3-5, 

≥6), marital status (married, living with someone, single – including divorced, widowed and 

separated), educational attainment (< high school, high school or General Education Diploma, 

some college experience, college degree or more), household income (≤100% of the FPG, 101 - 

200%, 201% - 300%, >301% - 400%), health insurance during pregnancy (Medi-Cal, private, 

uninsured, other), smoking during pregnancy (smoked, did not smoke), and gestational age 

(continuous), were considered a priori to be included as confounders in the regression models 

that analyzed associations between food insecurity and gestational weight gain.  

 

Survey weighted chi-square tests were conducted to assess bivariate associations between 

potential confounders and food security status. Linear regressions were implemented to assess 

the food insecurity and gestational weight gain relationship when gestational weight gain was 

assessed continuously. Multinomial logistic regressions were implemented to assess the 

relationship between food insecurity and gaining inadequate or excessive weight during 

pregnancy, as determined by the IOM guidelines. The reference group was women who gained 

the appropriate amount of weight according to the IOM guidelines. Linear and multinomial 

logistic regressions were conducted on women with complete case information who had full-

term births (37-42 weeks).  

 

Consistent with past research (19, 20), Wald tests of independence with a p-value of 0.2 as a cut 

point for significance were implemented to assess effect modification of the food security and 

weight gain relationship by pregravid BMI (normal, overweight, and obese) and race/ethnicity 

(non-Hispanic White, Hispanic, non-Hispanic African American, Asian/Pacific Islander).  
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Results  

Sixty-six percent of the women were food secure during pregnancy, 11% were marginally food 

secure, 16% experienced low food security and 7% experienced very-low food security (Table 

2). Non-Hispanic African American and Hispanic women experienced more food insecurity 

overall and more very low food insecurity than non-Hispanic white and Asian/Pacific Islander 

women. Food insecurity was associated with many indicators of poor health, including low 

educational attainment, being obese before pregnancy, lower income, not being married, lack of 

health insurance, and smoking during pregnancy.  

 

On average, pregnant women gained 29 ± 14 pounds during pregnancy. According to the IOM 

guidelines, 21% gained inadequate weight, 33% gained adequate weight, and 46% gained weight 

in excess (Table 3). In unadjusted analysis, race/ethnicity was significantly associated with 

gestational weight gain (p<0.001), as non-Hispanic African American and non-Hispanic white 

women gained the most weight during pregnancy and were the most likely to gain excessive 

gestational weight. 

 

Food insecurity was not associated with gestational weight gain after adjusting for age, 

education, household income, marital status, nativity, race/ethnicity, language spoken at home, 

health insurance, parity, pre-pregnancy BMI, smoking during pregnancy, gestational age, and 

year of survey (Table 4). However, Wald tests identified race/ethnicity (p=0.12) as an effect 

modifier of the food insecurity and gestational weight gain association. Pre-pregnancy BMI was 

not found to significantly modify the association (p=0.64, data not shown). Adjusted regression 

models were therefore presented stratified by race/ethnicity.  

 

The racial/ethnic stratified analysis found non-Hispanic African American women who had full-

term births and experienced low-food security during pregnancy gained 7.3 (95% CI: 1.2, 13.5) 

more pounds than their food secure counterparts, adjusting for age, education, household income, 

marital status, nativity, language spoken at home, health insurance, parity, pre-pregnancy BMI, 

smoking during pregnancy, gestational age, and year of survey. This association was not 

statistically significant in sensitivity analyses when multiple imputations were implemented to 

address missing household income data or when the gestational weight gain z-score was 

analyzed as the outcome. All other associations between food insecurity and continuous 

gestational weight gain were not statistically significant. 

 

Multinomial logistic regressions found non-Hispanic white women who experienced low food 

security had a decreased risk [RRR: 0.5, 95% CI: (0.3, 0.9)] of gaining inadequate weight 

compared to non-Hispanic white women who were food secure, after adjusting for covariates. 

This association remained significant after missing income data was imputed. No other 

statistically significant relationships were found.  

 

Discussion 

Overall, few of the associations between food insecurity and gestational weight gain were 

statistically significant and in no instance was food insecurity associated with excessive 

gestational weight gain. These findings are largely consistent with a study by Olson et al. who 

found no association between food insecurity and gestational weight gain among 311 pregnant 

women in upstate New York (105). Laraia et al. found a positive association between food 
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insecurity and gestational weight gain among 810 pregnant women from the Pregnancy, 

Infection, and Nutrition prospective cohort study (108); however this positive association did not 

translate into an increased risk for excessive gestational weight gain. Our results contrast with 

further analysis conducted by Laraia et al. (2013) in the same sample that found women who 

experienced past dietary restraint and current marginal food security gained approximately 10 

more pounds and had an increased risk of gaining excessive gestational weight gain compared to 

food secure women who did not experience past dietary restraint (120). It is possible that our 

findings were not entirely consistent with past research because past analyses did not analyze a 

representative sample of pregnant women, stratify by race/ethnicity, or distinguish between low 

and very low food security. 

 

We observed low and very low food security to be differentially associated with gestational 

weight gain among Non-Hispanic African American and Non-Hispanic White women. However, 

in contrast to our hypothesis, no consistent patterns showed marginal or low food security to be 

associated with greater gestational weight gain or very low food security to be associated with 

lower gestational weight gain. Although not analyzed in this study, we may have found largely 

null results because pregnant women are buffered from the harmful effects of food insecurity by 

other household members. Analogous to food insecure households with children, non-pregnant 

members of a food insecure household may decrease their dietary intakes to ensure a pregnant 

household member does not have to decrease her intake (93). It is also possible that very low 

food security was not associated with a greater risk of inadequate gestational weight gain 

because the very low food security experienced in this study did not reflect the severe level of 

food insecurity experienced by those who gained inadequate weight in other studies, such as the 

women during the Dutch famine. 

 

Race/ethnicity was found to modify the food security status and gestational weight gain 

association. Although stratification by race/ethnicity did not produce many statistically 

significant findings, the magnitude and direction of the food insecurity and gestational weight 

gain associations varied widely by race/ethnicity. Past research suggests the association between 

food security status and weight gain might vary because of cultural differences in how women 

respond to food insecurity, and how women from different cultures have different attitudes about 

body size (112). In this study, according to IOM guidelines, non-Hispanic white women were the 

most likely to gain excessive weight in pregnancy (55%) and non-Hispanic white women who 

experienced low food security as opposed to food security had a lower risk of gaining inadequate 

weight during pregnancy. Among non-Hispanic white women, those who experience low food 

security may have a lower risk of gaining inadequate weight than those who are food secure 

because they may rely on cheap, low-nutrient, and calorie dense foods (97, 100, 108) that 

promote weight gain. However it is unclear why this association only existed in non-Hispanic 

white women. Although our results suggest low food security status reduces the risk of 

inadequate weight gain among non-Hispanic white women, the abundance of research 

illustrating the ill effects of experiencing food insecurity during pregnancy outweigh this 

potential benefit (108, 121-123).  

 

The public health implications derived from this research stem from the high prevalence of 

California women with household incomes ≤400% of the FPG who experience food insecurity 

(33%), and gain weight outside of the IOM guidelines (67%). Food insecurity and unhealthy 
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gestational weight gain are both largely associated with social determinants of health, including 

race/ethnicity, education and income, (107, 114, 124) and are often experienced by the most 

vulnerable pregnant women. The prenatal period is a critical time period for health (125), and 

also when many women access health services. Therefore, the prenatal period represents a great 

opportunity for providers to screen families for household food insecurity and to discuss the 

importance of gaining the recommended weight during pregnancy. Given the prevalence of food 

insecurity and unhealthy weight gain, pregnant women should be referred to programs such as 

The Special Supplemental Nutrition Program for Women, Infants and Children that aim to 

improve weight gain in pregnancy and food security status (29). 

 

The cross sectional nature of this study prevented determining causality, which is a concern as 

some evidence suggests obesity may lead to food insecurity (105). The inability to test for effect 

modification by past dietary restraint is also a concern given previous work, but was not the 

primary goal of this analysis (120). Despite these limitations, this study was the first to analyze a 

population based sample representative of the state of California. California contributes to about 

13% of all births in the United States, and the state’s racial diversity allowed for stratification by 

race/ethnicity (126). Additionally, the large sample size provided an opportunity to distinguish 

the associations of low and very low food security with gestational weight gain. 

 

This study did not find consistent associations between food insecurity and gestational weight 

gain across different race/ethnicities and levels of food insecurity. Results did suggest that both 

race/ethnicity and level of food insecurity should be considered when analyzing the food 

insecurity and gestational weight gain relationship. This study supports the promotion and use of 

programs that aim to ameliorate food insecurity and unhealthy weight gain during pregnancy. 
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Table 1: Description of how food security status was assessed during pregnancy in the Maternal 

Infant Health Assessment Survey 2010 - 2012 

Question Affirmative 

response 

“The food that I bought just didn't last, and I didn't have money to 

get more." During your most recent pregnancy, was that often, 

sometimes, or never true for you?  

Often or 

sometimes 

 

"I couldn't afford to eat balanced meals." During your most recent 

pregnancy, was that often, sometimes, or never true for you? 

Often or 

sometimes 

 

During your pregnancy, did you ever cut the size of your meals or 

skip meals because there wasn't enough money for food?  

Yes 

During your pregnancy, did you ever eat less than you felt you 

should because there wasn't enough money to buy food?  

Yes 

How often did this [cut size or skip meals] happen?  

 

Almost 

every month 

or Some 

months but 

not almost 

every month 

During your pregnancy, were you ever hungry but didn't eat because 

you couldn't afford enough food? 

Yes  

Assessing Food Security Status 

0 Affirmative responses – Food secure 

1 Affirmative response – Marginally Food Secure 

2-4 Affirmative responses – Low food security 

5-6 Affirmative responses – Very low food security 
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Table 2: Characteristics of women with full-term births in California with incomes 

≤400% of the Federal Poverty Guidelines in the Maternal and Infant Health Assessment, 

2010-12 (n=12,097) 

 

Whole 

Population Food Secure 

Marginally 

Food Secure 

Low Food 

Security 

Very Low 

Food 

Security 

  100% 

(n=12,097) 

66% 

(n=7,975) 

11% 

(n=1,355) 

16% 

(n=1,917) 

7% 

(n=850) 

Characteristic
1,2

 
% (n) Row % (n) Row % (n) Row % (n) 

Row % 

(n) 

Race/Ethnicity***      

  Non-Hispanic white 24.9 (3,538) 75.7 (2,561) 8.4 (350) 10.2 (396) 5.6 (231) 

  Hispanic 58.2 (6,415) 61.3 (3,964) 12.6 (765) 18.4 (1,207) 7.8 (479) 

  Non-Hispanic  

6.3 (1,054) 65.1 (695) 11.1 (125) 15.8 (157) 7.9 (77) 

  African American 

  Asian/Pacific  

10.6 (1,090) 72.5 (755) 9.9 (115) 12.4 (157) 5.4 (63) 

  Islander 

Nativity***      

  Born in the United  

56.2 (7,270) 70.2 (5,010) 10.8 (795) 12.3 (937) 6.8 (528) 

  States 

  Foreign born 43.8 (4,827) 61.3 (2,965) 11.7 (560) 19.7 (980) 7.3 (322) 

Language Spoken at 

Home*** 

     

  English 50.4 (6,765) 70.8 (4,682) 9.8 (715) 12.4 (885) 6.9 (483) 

  Spanish 27.8 (3,094) 57.3 (1,786) 12.7 (382) 22.5 (693) 7.5 (233) 

  Other (including both 

English and Spanish 

equally) 

21.9 (2,238) 67.3 (1,507) 12.3 (258) 13.9 (339) 6.6 (134) 

Age*      

  ≥35 15.6 (1,749) 70.6 (1,199) 8.2 (165) 16.6 (277) 4.6 (108) 

36



 

  30 - 34 24.8 (2,862) 68.5 (1,957) 10.6 (298) 13.3 (416) 7.6 (191) 

  25-29 31.2 (3,935) 65.0 (2,602) 11.8 (460) 15.4 (602) 7.8 (271) 

  20-24 28.4 (3,551) 63.4 (2,217) 12.6 (432) 17.1 (622) 7.0 (280) 

Pre-pregnancy 

BMI*** 

     

  Underweight 3.2 (403) 66.2 (272) 10.8 (49) 16.2 (56) 6.8 (26) 

  Healthy Weight 44.4 (5,229) 71.0 (3,668) 10.7 (523) 12.9 (746) 5.4 (292) 

  Overweight 27.7 (3,391) 63.3 (2,174) 11.5 (403) 18.0 (540) 7.2 (274) 

  Obese 24.7 (3,074) 61.3 (1,861) 11.8 (380) 17.3 (575) 9.6 (258) 

Parity***      

  1 31.5 (3,730) 69.8 (2,581) 11.0 (415) 13.3 (520) 5.9 (214) 

  2 33.5 (4,049) 69.9 (2,733) 10.5 (463) 13.8 (603) 5.7 (250) 

  3-5 32.4 (4,023) 60.5 (2,497) 12.0 (448) 18.3 (730) 9.3 (348) 

  ≥6 2.6 (295) 49.3 (164) 11.5 (29) 30.2 (64) 9.0 (38) 

Marital status***      

  Married  53.4 (6,199) 72.5 (4,474) 9.5 (613) 13.2 (813) 4.7 (299) 

  Living with a  partner  29.3 (3,594) 59.4 (2,143) 12.0 (426) 18.9 (686) 9.7 (339) 

  Single 17.3 (2,304) 58.7 (1,358) 14.7 (316) 17.0 (418) 9.6 (212) 

Educational Level***      

  College grad or more 19.7 (2,147) 84.0 (1,753) 5.6 (170) 7.5 (158) 3.0 (66) 

  Any college  

35.2 (4,551) 67.3 (3,055) 11.4 (519) 14.3 (645) 7.0 (332) 

  experience 

  High School or GED 23.7 (2,928) 61.9 (1,810) 13.8 (359) 16.8 (547) 7.6 (212) 

  < High School 21.4 (2,471) 53.3 (1,357) 13.0 (307) 23.7 (567) 10.1 (240) 

Household Income: % 

of Federal Poverty 

Guidelines*** 

     

  301 ≤ 400% 9.8 (998) 90.5 (921) 6.2 (46) 3.1 (26) 0.2 (5) 

  201 ≤ 300% 12.5 (1,387) 85.9 (1,168) 6.8 (99) 5.7 (86) 1.7 (34) 
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   101 ≤ 200% 25.7 (3,315) 70.8 (2,353) 11.1 (385) 13.5 (423) 4.6 (154) 

  0 ≤ 100% 52.0 (6,397) 54.8 (3,533) 13.2 (825) 21.3 (1,382) 10.7 (657) 

Health Insurance***      

  Medi-Cal 60.1 (8,348) 57.7 (5,030) 13.0 (1,025) 19.7 (1,582) 9.6 (711) 

  Private Insurance 32.4 (2,959) 80.6 (2,367) 8.1 (255) 8.7 (244) 2.6 (93) 

  Uninsured 2.5 (286) 55.6 (157) 12.4 (44) 21.2 (50) 10.8 (35) 

  Other 5.0 (504) 82.0 (421) 9.0 (31) 6.7 (41) 2.4 (11) 

Smoked During 

Pregnancy*** 

     

  Smoked 8.5% (1,325) 52.0 (724) 14.0 (171) 18.6 (243) 15.3 (187) 

  Did Not Smoke 91.5% 

(10,772) 

67.6 (7,251) 10.9 (1,184) 15.3 (1,674) 6.2 (663) 

1 
Weighted percentages and unweighted n's 

2
 P-values were generated from chi-square tests that measured the bivariate associations between food 

security status and the characteristics. P-values reflect the probability that the observed relationship 

between food insecurity and the characteristic are due to chance.  

*p<0.05, ***p<0.001 
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CHAPTER 5. CONCLUSION 

The primary goal of this dissertation was to assess the associations between food insecurity and 

weight status in pregnant women and children. This dissertation benefited greatly from having a 

large California representative sample of pregnant women, and a longitudinal dataset of low 

income Latino children that spanned over 12 years. These datasets provided unique opportunities 

to explore the relationships between food insecurity and weight status. 

 

Three conclusions can be drawn across the studies. First, the prevalence of food insecurity was 

consistently high among Latino children in the first two years of life (30%), Latino children from 

age 5 to 12 (ranged from 37% to 46%), and among a California representative sample of women 

who just had a live birth (34%). Second, food insecurity was both positively and negatively 

associated with weight status in all three populations, but the associations varied by 

race/ethnicity, sex, and age. Third, although food insecurity was associated with weight status, 

food insecurity was not associated with childhood obesity or gaining weight in excess of the 

Institute of Medicine’s guidelines. 

 

The high prevalence of food insecurity experienced in these vulnerable populations underscores 

the potential improvement in health that could be observed by addressing food security status. 

However these improvements in health might not include reductions in excessive gestational 

weight gain or childhood obesity as these outcomes were largely not associated with food 

security status in this dissertation. Food security status appears to be a small, but significant 

factor in the complex relationship between diet and weight. While this dissertation did not link 

food insecurity to unhealthy weight status, it did identify subpopulations that may be more 

susceptible to food insecurity induced changes in weight status, including infants from age 0 to 

2, children at age 9, and non-Hispanic African American pregnant women. 

 

In addition to overarching themes, there were key findings from each study that represent 

significant contributions to the literature. The second chapter provided evidence that food 

insecurity experienced in the first years of life may predict weight status at age intervals upwards 

of 10 years later. The third chapter found that transitioning to a food insecure household from a 

food secure household was associated with lower weight gain among low income Latino 

households. Lastly, the fourth chapter found that the level of food insecurity experienced in 

pregnancy is important when assessing the relationship between gestational weight gain and food 

security status. 

 

Food insecurity causes stress, sadness, sickness and suffering (76, 97, 127, 128), and is a known 

social determinant of health. Food insecurity is also recognized as a life course indicator, 

meaning it can alter an individual’s health trajectory in addition to their immediate health (129). 

This dissertation illustrated the need to monitor food security status and the different levels of 

food insecurity experienced among low income Latino children and pregnant women. In 

particular, the relationship between severe food insecurity in marginalized children and poor 

growth should be continuously evaluated given the evidence that children’s caloric intakes may 

be reduced in response to food insecurity. Although food insecurity was not associated with 

unhealthy growth or weight gain, the evidence presented in this dissertation is still alarming as it 

suggests the growth of vulnerable populations is significantly being affected by their food 

security status. 
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Evidence from this dissertation suggests future research should consider when food insecurity is 

being experienced in an individual’s life course and if they have experienced food insecurity 

previously during a critical period of development. Further, future research should consider age, 

sex, and severity of food insecurity to be potential effect modifiers of food insecurity and growth 

relationship. Mediation analyses that describe the mechanisms through which food insecurity 

leads to changes in weight are needed before the research presented in this dissertation can be 

translated into changes in health programs that serve pregnant women and low income Latino 

children. 
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Table A4: Food security status and associated changes in obesity 

status among children in CHAMACOS from age 5 to 12 (n=204)
1
 

 
Time 

Interval 

∆ in Obesity status 

Incident Rate Ratio (95% CI) 

Food 

Secure 

5-7 Ref 

Food 

Insecure 

1.22 (0.93, 1.61) 

Food 

Secure 

7 - 9 Ref 

Food 

Insecure 

0.94 (0.75, 1.20) 

Food 

Secure 

9 - 10.5 Ref 

Food 

Insecure 

0.84 (0.61, 1.17) 

Food 

Secure 

10.5 - 12 Ref 

Food 

Insecure 

 0.99 (0.74, 1.32) 

1
Models were adjusted for maternal age, maternal proportion of life spent in the 

U.S., maternal education, maternal pre-pregnancy body mass index, early food 

insecurity, child sex, and child birth weight. Models were also adjusted for marital 

status, maternal parity, household income, hours the child watches T.V., hours the 

child plays outside, child’s puberty status and obesity status as measured at the 

beginning of the time interval. Food security was assessed at the beginning of the 

time interval and outcomes were assessed at the end of the time interval. 
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Table A5: The associations between change-in and persistency of food security status 

and change in obesity status among children in CHAMACOS from age 5 to 12
1
 

   Obesity
2
 

n Odds Ratio (95% CI) 

Food security status across 2 time points 816  

  Food secure across interval  Reference Group 

  Food insecure across interval  0.81 (0.40, 1.65) 

  ∆ from food insecure to food secure  1.02 (0.49, 2.10)  

  ∆ from food secure to food insecure  0.83 (0.30, 2.26) 

Food security status across 3 time points 612  

  Persistent food security  Ref 

  Persistent food insecurity  0.46 (0.19, 1.09) 

  Any ∆ in food security status  0.73 (0.28, 1.88) 

1
Models were adjusted for maternal age, maternal proportion of life spent in the U.S., maternal 

education, maternal pre-pregnancy body mass index, early food insecurity, child sex, and child birth 

weight. Models were also adjusted for obesity status, marital status, maternal parity, household income, 

hours the child watches T.V., hours the child plays outside, and child’s puberty status as measured at the 

beginning of the time interval.  
2
 Obesity status was identified as the outcome in the models however the models were adjusted for 

obesity status at the previous time point in an attempt to approximate the associations between change-in 

and duration of food security status and change in obesity status. 
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