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In the U.S. in 2015, 16.6% of households with children experienced food 

insecurity, which is associated with adverse health outcomes. Yet, little to no research has 

examined the relationship between food insecurity and asthma, the most common chronic 

childhood disease. Furthermore, studies of the association between food insecurity and 

overweight/obesity, an ongoing pediatric health crisis, have yielded mixed findings. 

Thus, the three aims of this research are: 1) to determine the association between 

household food security status and asthma in a cross-section of U.S. 3rd graders; 2) to 

examine the association between repeated exposures to food insecurity in early to mid-

childhood and the risk of asthma; and 3) to determine the association between repeated 

exposures to food insecurity in early to mid-childhood and the risk of overweight/obesity. 

Data from the Early Childhood Longitudinal Study- Kindergarten cohort (ECLS-K), a 

diverse cohort of school-aged children followed from kindergarten to 8th grade, were 

analyzed. Household food insecurity was assessed using the validated 18-item Household 

Food Security Survey Module. Child asthma was assessed by parent report of a clinical 

diagnosis. Direct anthropometric assessments yielded age- and sex-specific BMI z-

scores, categorized as normal or overweight/obese. Multivariate logistic regression 

models were computed in Aims 1 and 2 to test the association between food insecurity 

and asthma. In Aim 3, sex-specific multivariable Poisson regression models were used to 
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calculate relative risk for overweight/obesity by exposure to food insecurity. Odds of 

asthma doubled in children that lived in households that were food-insecure and poor 

(OR 2.00 [95% CI 1.97 to 2.03]). Any exposure to food insecurity between kindergarten 

and 8th grade was associated with increased odds of asthma; the highest odds were 

among those with 2 years of exposure (OR 1.82 [95% CI 1.80 to 1.85]). Two years of 

exposure (but not fewer or more) also were associated with a 39% higher risk of 

overweight/obesity in 8th grade (RR 1.39 [95% CI 1.15 to 1.69]). Repeated exposures to 

household food insecurity increased the risk of both asthma and overweight/obesity in 8th 

grade. These findings are important for public health policy as well as asthma and obesity 

prevention efforts. 
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Chapter 1: Introduction 

In the United States, food insecurity plagues nearly 13% of households, affecting 

over 40 million individuals; the prevalence rate is higher (16.6%) in households with 

children (1). Food insecurity is defined as "a limited or uncertain availability of 

nutritionally adequate or safe foods or limited or uncertain ability to acquire food in 

socially acceptable ways" (2). The Economic Research Service (ERS) of the U.S. 

Department of Agriculture (USDA) has monitored the national prevalence of food 

insecurity since 1995 by appending a validated questionnaire to the annual Current 

Population Survey (CPS) of around 54,000 U.S. households (1, 2) (Figure 1.1). The ERS 

reports that the national prevalence of food insecurity has increased over the last twelve 

years, a span of time that includes the "Great Recession" of 2007-09, and despite a small 

decrease from 2014-15, rates are unlikely to decline to pre-recession levels within the 

near future (1, 3, 4) (Figure 1.2).  
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Figure 1.1: The U.S. Household Food Security Survey Module 
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Figure 1.2: The Annual Prevalence Rates of Food Insecurity in the United States 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

Being food-insecure not only encompasses inadequate nutrition and/or a 

dysregulated dietary pattern, but also uncertainty surrounding resources (5-16). A family 

may cycle in and out of a state of food security; these fluctuations may be seasonal, 
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monthly, or the result of financial setbacks (17-27). The unpredictability of these changes 

can be destabilizing to families and individuals. Thus, it is not surprising that food 

insecurity is associated with a host of physical and psychological health problems, 

especially in already vulnerable population sub-groups such as the elderly, women, and 

children (6, 10, 20, 28-38). This demographic risk profile is crosscut by ethnicity and 

socioeconomic status (SES). Food insecurity disproportionately affects ethnic minorities, 

low-income households, people of low educational status, and those lacking health 

insurance, mirroring the general pattern of health disparities observed in America (39-

44). 

Lower self-rated physical and mental health, the presence of chronic health 

conditions such as diabetes and heart and liver problems, symptoms of depression and 

impaired psychosocial functioning, and higher gestational weight gain and risk of 

gestational diabetes mellitus are some of the undesirable health outcomes associated with 

food insecurity (22, 28, 32, 45, 46).  A multitude of detrimental health outcomes are 

associated with food insecurity; these relationships retain significance even after the 

effects of SES are taken into account, demonstrating that food insecurity is a unique and 

pressing national health concern (4, 25, 47-52).  

FOOD INSECURITY MEASUREMENT AND TERMINOLOGY 

A collaboration of federal agencies, researchers, and a variety of organizations 

under the umbrella of the U.S. Food Security Measurement Project is responsible for the 

18-item Household Food Security Survey Module (HFSSM) that has become the optimal 

choice for measurement of food insecurity in non-institutionalized Western adult 

populations (2, 53). The questions of the HFSSM probe consumption patterns, the quality 

of the diet, adequacy and supply of food, and the degree to which adults and any children 
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(dependents under 18 years of age) ate enough and whether the dietary intake was 

balanced; all information refers to the 12-month period prior to assessment (54). The 

Core HFSSM is depicted in Figure 1.1. The questions in both the adult-referenced (#1-

10) and child-referenced (#11-18) sections are arranged in approximate order of 

increasing severity. It is frequently (but not universally) the case that if one or more items 

are affirmed, these positive responses cluster in the earlier stages of the module (55, 56). 

For households with children, "household food security" indicates the classification based 

on cut-offs for the full 18 items, or the adult scale added to the child scale. Because it was 

developed using other carefully crafted food insecurity assessment tools, expert opinion 

and research, and painstaking analysis of validity and reliability parameters, the HFSSM 

is a solid basis for these research analyses on household food insecurity for households 

with children and children's health outcomes (56, 57). 

Households are classified as: food-secure (zero affirmative responses, indicating 

no food-access problems); marginally food-secure (1-2 items affirmed, demonstrating 

some anxiety over food sufficiency or shortages); low food-secure/food-insecure (3-7 

items affirmed, reporting reduced quality, variety or desirability of diet); or very low 

food-secure (8 or more items affirmed, reporting reduced intake and disrupted eating 

patterns) (Figure 1.3) (57, 58). All members of a household share a classification when 

the full core HFSSM is administered (17). The terminology of the classification 

categories changed in 2006 in response to an expert panel convened at the behest of the 

USDA to review operational and statistical methods related to food security measurement 

in the U.S. (58) The "food-secure" label was divided into "food-secure" and "marginally 

food-secure" categories, with the threshold between "food-secure" and "food-insecure" 

remaining the same. The most significant change was that the "food-insecure" category 

sub-divisions were changed from "food-insecure without hunger" and "food-insecure 
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with hunger" to "low food security" and "very low food security," respectively (Figure 

1.3).  

 

Figure 1.3: Old and New Labels for Food Security Status Categories 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The panel recommended that "hunger" be stricken from the labeling because 

hunger defines an individual-level physiological state that may result from, but is not 

necessarily a requisite of, food insecurity. The HFSSM is neither detailed nor explicit 

enough to measure the range of feelings and sensations that make up hunger (17, 58). 

Since 2006, the transition to new labeling has been a smooth one, in large part because 

the cut-offs for the categories did not change. In this proposal, when research findings 
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using the old labels are reported, they will be discussed in terms of the household score 

on the HFSSM, as is the trend in the current literature.    

It is important to note that food security status is applicable for the entire year (12 

months) preceding the questionnaire administration. This is significant because a 

household may be classified in one of the non-food-secure categories, but in fact only 

experience food-insecure conditions occasionally during the year. One of the hallmarks 

of food insecurity, therefore, is that as a measurable construct it is occasional and 

recurrent but infrequently persistent (18, 55). The "Food Security in a Theoretical 

Framework" section will address questions raised by these and other researchers that 

have refined analytical strategies to extend the reach of longitudinal investigations into 

food insecurity.    

DETERMINANTS OF FOOD INSECURITY 

The current position paper of the Academy of Nutrition & Dietetics (AND; 

formerly the American Dietetic Association) names several contributors to food 

insecurity. Poverty, excessive costs of housing and/or utilities (e.g. electricity) and 

transportation, unemployment, inability to afford medical and health care, mental health 

problems, substance abuse, smoking and lack of education have all been associated with 

food insecurity (47, 59). In addition, the ERS annual reports on food insecurity 

prevalence and trends identify African-American or Hispanic ethnicity; never-married; 

separated or divorced marital status; a low level of education; renting (vs. owner status); 

and younger age as demographic characteristics that reliably associate with food 

insecurity (1, 4, 53). 

Food insecurity has been described as a "resource-constrained" condition, 

likening it to poverty, another phenomenon that is characterized by a lack of essential 
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resources, typically income (38). Yet, food insecurity is distinct from poverty, defined at 

the federal level by thresholds calculated in relation to the amount of pre-tax household 

income and adjusted to the number of members in a household (60, 61). The U.S. Census 

Bureau uses these thresholds to calculate statistics such as the number of Americans 

living in poverty. The thresholds are different from poverty guidelines, sometimes 

referred to as the "federal poverty level" (FPL), that are published by the Department of 

Health and Human Services and determine eligibility for federal programs (62). In 2015, 

the ERS reported that 42.9% of households with income at or below the federal poverty 

level (FPL) were food-insecure. This is in stark contrast to the national average of 12.7% 

(1). Nevertheless, if food insecurity were equivalent to poverty, close to 100%, not 

42.9%, of households at or below the FPL would fall into the food-insecure category. 

Thus, poverty is associated with food insecurity, but is not the sole contributor to food 

insecurity (1, 19, 60).  

Another probable determinant of or factor in food security status is economic 

conditions, both on the national and household level. As mentioned above, rates of food 

insecurity jumped in 2008. There was an increase of over 30% in the proportion of 

households that were food-insecure (from 11.1% of all American households to 14.6%); 

this is assumed to reflect the national economic recession of 2007-09 (4, 54). 

Nevertheless, during the relatively robust economic stretches between 2001-10, rates of 

food insecurity did not drop below 10%, indicating that secular trends in the national 

economy only account for some of the variance in food security status (4).   

A Canadian study of 331 low-income families examined household income, full-

time employment status and receipt of welfare as predictors of food security status. The 

longitudinal design allowed the researchers to observe if a change in these indicators of 

household assets and resources corresponded with a change in the HFSSM scale score; 
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analyses were stratified by housing subsidy status. Sampling and attrition bias were 

addressed in sensitivity analyses. A decrease in the raw score on the HFSSM, indicating 

greater food security, was associated with a gain in income and with a gain of full-time 

employment status during the 1-year observation period. Data on household debt, savings 

and access to credit were not collected. Nevertheless, the findings provide evidence that 

in some cases, household economic conditions are directly related to both the presence 

and the severity of food insecurity (27).  

Studies that include a measure of food security in their design often do not include 

variables that are hypothesized to affect or contribute to food insecurity, but trends in 

research design are improving and more studies are diversifying methodology to bridge 

disciplines, a necessity in food security research. The Survey of Household Finances and 

Childhood Obesity was conducted in 2009-10 in a sample of 904 households with 

children (2-17 years old) living in low-income counties (>20% poverty rates) in 3 

Midwestern states. It was unusual in that questions about financial management practices 

and skills were included in the survey questionnaires (21). The researchers tested the 

hypothesis that financial management skills impact food security status. Across all 

income categories, controlling for relevant covariates, those households that reported use 

of financial management practices or confidence in financial management skills were less 

likely to be food-insecure than households with lower financial management abilities 

(21).   

This is consistent with evidence from a small, cross-sectional study of rural 

households at 200% or less of the FPL in which households reporting more use of food 

and financial management skills were less likely to be food-insecure (22). Although the 

findings on the relationship between financial management skills and food insecurity 

were cross-sectional in nature and hence unable to indicate directionality or causation, the 
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study broke new ground in the search for potential factors influencing food insecurity 

(21). Food insecurity may be a phenomenon distinct from poverty or economic strain, 

although these stressors may contribute to food insecurity. Any approach to designing 

interventions or implementing public policy for prevention of food insecurity should take 

into account the specific contributors to food insecurity in the sub-population of interest. 

Investigation into potential mechanisms of food insecurity is needed. 

FOOD INSECURITY IN A THEORETICAL FRAMEWORK 

Although national food insecurity has been monitored for close to two decades, 

our understanding of multiple dimensions of the phenomenon is rapidly evolving. Since 

the American Society for Nutrition's symposium at Experimental Biology 2012 

introduced a life course perspective to position food insecurity as a determinant of 

chronic disease and health outcomes, this approach has gained traction in research. In this 

model, food insecurity is characterized as a discrete, unique exposure within a conceptual 

framework that incorporates individual characteristics and considers moderating factors 

(such as the food environment, genetics and stress) on outcomes in multiple domains (25) 

(Figure 1.4). Two qualities of food insecurity were singled out as research priorities for 

closer examination.  

First, the duration of exposure to food insecurity (whether the hardship is transient 

or persistent over time) may have an impact on outcomes of interest (19, 55, 63). Focus 

on this aspect of food insecurity is critical, as the total duration of exposure to food 

insecurity may have consequences for developmental or health outcomes. National 

estimates of food insecurity are drawn from cross-sectional data (such as the CPS), and 

thus, cannot answer the question of whether repeated exposures to food insecurity 

increases risk for poor outcomes in a dose-response manner (20, 63). Two publications 
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on food insecurity in different populations have used longitudinal data to create a metric 

of duration of exposure to food insecurity in the form of number of years of food 

insecurity (63, 64).  

 

Figure 1.4: Household Food Insecurity Within a Life Course Framework 

 

 

 

 

 

 

 

 

 

Compared to the cross-sectional variable of food insecurity, quantifying years of 

exposure to food insecurity is "time-intensive," or enriched data (64). Households can be 

differentiated from one another based on the number of years of exposure to food 

insecurity. Kim and Frongillo used this scheme to study the relationship between need 

and help-seeking behavior in elderly (>51 years old at baseline) U.S. adult participants of 

two nationally representative longitudinal surveys (64). Food insecurity and food 

assistance program participation were used as proxy indicators of need and help-seeking 

behaviors, respectively. Patterns of food insecurity and program participation were built 

separately, using 4 waves of data collection, and change in status between 2 waves were 

compared using chi-square tests of significance. Food insecurity was found to be a 
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positive predictor of participation in food assistance programs; two consecutive years of 

exposure to food insecurity increased the likelihood of participation in a food stamp 

program tenfold (compared to never food-insecure) (64).  

Burke et al. utilized four waves of data collection of the longitudinal Early 

Childhood Longitudinal Study- Kindergarten cohort (ECLS-K): the spring of 

kindergarten (1999) and third (2002), fifth (2004 and eighth (2007) grades. The aim of 

this descriptive analysis was to quantify the extent of multiple exposures to food 

insecurity and identify disparities in the prevalence of persistent (defined as being food-

insecure for, at minimum, two consecutive waves) vs. non-persistent (food-insecure for 

one or two non-consecutive waves) food insecurity (63). They found that the prevalence 

of exposure to any food insecurity (including marginal food security) across the span of 

the ECLS-K (1998-2007) was 35.0% (21.9% non-persistent, 13.1% persistent), a rate 

slightly higher than previously published findings that did not construct patterns (63). 

The sample was then stratified by the following sociodemographic variables: parental 

status (multi-parent vs. single-parent household), race/ethnicity (white, African-

American, Hispanic, other), parental education (dichotomized by highest level attained 

by any parent into [1] less than a high school diploma, high school diploma, or some 

college; or [2] vocational/technical/ bachelor's/other higher degree), region of country 

(Northeast, Midwest, Southern, Western United States), urbanicity (central city, urban 

fringe/large town, small town/rural area), and poverty status. Poverty status was 

determined by first classifying the household as at or above the FPL vs. below the FPL 

based on the midpoint of the reported income range for the household for a wave. Then, 

based on poverty status across waves, households were classified as never poor, non-

persistently poor (in poverty for one or two non-consecutive waves), or persistently poor 

(in poverty for two consecutive waves or more).  
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Once the sample was stratified by these variables, the frequencies of non-

persistent and persistent food insecurity were calculated, using a dichotomized definition 

of food insecurity: food-secure vs. marginally food-secure, low food-secure, or very low 

food-secure) (63). This analysis generated prevalence rates of non-persistent food 

insecurity and persistent food insecurity based on the sociodemographic characteristics of 

interest. Both non-persistent and persistent food insecurity prevalence was higher in 

single-parent households compared to multi-parent households. The same trend was 

observed across all ethnicities, including African-American, Hispanic and white 

households. Persistently poor households were more frequently food-insecure, and had a 

higher prevalence of persistent food insecurity than non-persistently poor or never-poor 

households. A similar disparity was seen in households with a parent having the lower, 

vs. higher, level of education. The authors confirm that their findings related to the 

sociodemographic disparities in persistent food insecurity prevalence rates are consistent 

with the literature on cross-sectional prevalence of food insecurity: more poverty, less 

education, single parenthood and racial/ethnic minority status are associated with food 

insecurity (54, 63, 65). Despite the fact that the publications that enumerated years of 

exposure to food insecurity in their analyses significantly contributed to the body of 

knowledge in this area, neither paper examined the association between multiple 

exposures to food insecurity and health outcomes (63, 64). 

Other researchers, using similar techniques with the ECLS-K and other data sets, 

have published findings that use this strategy of quantifying duration of exposure with 

reported years of exposure to food insecurity (19, 55). Ryu and Bartfeld differentiated 

between persistent and non-persistent patterns of food insecurity over the 9 years of the 

ECLS-K study (1998-2007) in their analysis of the effect of exposure to food insecurity 

on children's parent-reported health status. Using the same 4 waves as Burke et al. in the 
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aforementioned analysis, the researchers created 2 classification schemes to describe 

exposure to food insecurity: the number of years of parent-reported food insecurity, 

ranging from 0 to 4; and an indicator for food insecurity occurring at the same wave (8th 

grade) as the outcome of interest (health status), with or without past exposure to food 

insecurity. Unlike the treatment of the food security status variable in Burke et al., food 

insecurity here was defined as three or more affirmative responses on the HFSSM (the 

food-insecure classification thus included low food-secure and very low food-secure, but 

not marginally food-secure, categories) (19, 63). These schemes were modeled using 

multivariate logistic regression to estimate the impact of both persistent and non-

persistent food insecurity on parent-reported children's health status (i.e. change between 

fall of kindergarten/study baseline, and spring of 8th grade), and explore the role of past 

vs. current exposure to food insecurity in children's health status. Sociodemographic 

variables were controlled for, along with poverty and initial health status (as a proxy for 

constant variables that affect children's health) (19).  

Odds ratios for lower health status in 8th grade show that parent-reported food 

insecurity (with the referent period of the 12 months prior to assessment) at 3 or 4, but 

not 1 or 2, of the 4 waves significantly raised the risk of a lower health rating after 

adjustment for child's sex, race/ethnicity, disability status, and low birthweight, parental 

education level, language of household, region, urbanicity, single-parenthood, and 

number of places that child had lived since the year 2000 (which fell between waves 2 

and 3). Significance held even when parental depression, a risk factor for lower health 

status, was added to the logistic regression model. In a model adjusted for the listed 

sociodemographic factors and parental depression, 3 years, but not 1 or 2, of exposure to 

food insecurity were associated with higher risk of lower parent-reported child health 

status in 8th grade (19).  
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These two different approaches to modeling exposure to food insecurity both 

yield data that describe food insecurity as an infrequently persistent, yet recurrent, 

phenomenon. More than one-fifth of the households experienced non-persistent food 

insecurity at some point across the sample years (19, 63). Contrasted with the cross-

sectional prevalence rates of household food insecurity, which ranged between 10.1% 

and 11.1% of all U.S. households in 1999-2007 (the study period of the ECLS-K), any 

experience of food insecurity, compared with a chronic persistence of the phenomenon, is 

more likely (19, 66). These strategies of characterizing change over time in food security 

status have the advantage of being able to capture exposure to food insecurity, a 

dimension of accumulation, and its role as a predictor of health outcomes. The 

investigations into health outcomes of food insecurity that have used a count of years of 

exposure to food security have just begun to scratch the surface. For example, persistence 

of food insecurity may vary along a spectrum, but the timing of food insecurity (when it 

occurs during the life course) has not been treated as an independent variable in analyses. 

The second quality of food insecurity critical to its role as a determinant in health 

is its timing, or the positioning within the life course of the duration of exposure. In 

epidemiologic terms, a "critical window" or "critical period" of "vulnerability/sensitivity" 

refers to a span of time during which an individual's exposure to the factor of interest will 

shape the trajectory for chronic disease development. Accumulation of exposures and 

temporal relationships to other exposures are also important in this framework (67). 

Studies on the long-term outcomes related to food insecurity or changes in status that take 

place at a particular point in the life course are lacking. One cross-sectional study on the 

short-term effect of food insecurity on children in the ECLS-K reported that social 

interaction skills and emotional states were negatively impacted in kindergarteners that 

had experienced household food insecurity in the preceding 12 months, but cognitive 
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abilities and performance and weight status were not affected (36). However, it is 

unknown if these effects carried forward over time, due to the cross-sectional analytical 

design, and only the presence of food insecurity, not its severity or its 

persistence/duration, was represented by the variable. Results from the analysis by Jyoti 

et al. on 2 data waves in the ECLS-K seems to suggest that the experience of food 

insecurity, if status subsequently improves, may have an uplifting effect on children's 

functioning (68). However, a short duration of follow-up limits the generalizability of 

those findings, and leaves any long-term sequelae of food insecurity trajectories shrouded 

in mystery. Data from the Canadian National Longitudinal Survey of Children and Youth 

(NLSCY), which followed 0-5 year-olds until 8-13 years of age, has shown that having 2 

or more experiences of hunger in childhood, compared to no hunger or only 1 exposure to 

it, significantly raises a child's odds of caregiver-reported poor health (69). Although 

hunger, and not food insecurity, was assessed, these data suggest that accumulation of an 

adverse nutritional exposure should be taken into account in investigations of health 

outcomes. The use of a life course theoretical framework that incorporates food 

insecurity opens up the possibility of studying the downstream effects that the timing of 

exposure has on health and development. It is possible that food insecurity, like other 

exposures, could act in one or more critical windows and impact chronic disease 

trajectories. Research on this aspect of food insecurity is still in the early stages, yet, the 

promise of these new analytical techniques and approaches as well as the growing 

number of data sets available for mining is encouraging.  

Duration and timing of food insecurity are likely to exert unique effects on 

development throughout the life course. The representation of duration of exposure by 

number of episodes of food insecurity has been a valuable toehold in research thus far. 

The question of the effects, if any, that timing of food insecurity has on health outcomes 
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has not been explored as of yet in longitudinal studies. More research on the effects of the 

timing of exposure to food insecurity is needed, and methodological approaches are 

proceeding apace to address this gap in knowledge. 

FOOD INSECURITY AND ADULT CHRONIC DISEASE 

Being food insecure is associated with chronic health conditions and the quality of 

disease management, according to research on obesity, diabetes, the metabolic syndrome 

and HIV/AIDS (43, 70-73). Despite a higher prevalence of both obesity and food 

insecurity in low SES populations, the association between the two is not consistent (20, 

66, 74-79). Race/ethnicity, sex, and age may modify the food insecurity/weight 

relationship, such that belonging to a minority ethnic group, being female, and/or being 

under 18 years old confers a higher risk for overweight/obesity if one is food-insecure 

(20, 76-78, 80-84). A clear-cut association is evasive in part because of study design 

(cross-sectional rather than longitudinal studies), and the plurality of instruments to 

measure food security status (76-78).  

Conversely, there is an unequivocal link between food insecurity and incidence of 

Type 2 diabetes mellitus (T2DM). In low-income adults, food insecurity is significantly 

associated with self-report and/or clinical evidence of T2DM, and poor glycemic and/or 

blood cholesterol control (43, 70, 73, 79, 85, 86). These studies were based on the 

National Health and Nutrition Examination Survey (NHANES) (spanning 1999-2008), 

the California Health Interview Survey (CHIS), or on patients in safety net/federally-

funded health clinics. Glycemic control (assessed using hemoglobin A1c as a marker) 

and the psychosocial measures of self-efficacy and emotional distress related to disease 

are measurable parameters of disease management in persons with diabetes (70, 87, 88). 

Using NHANES data, clinical markers (e.g. hemoglobin A1c levels) of diabetes were 
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based on laboratory values from blood drawn at the mobile clinic. The findings were 

echoed in a smaller community-based convenience sample of low-income adults given 

abbreviated clinical health exams at recruitment sites (89). In a small study of ethnically 

diverse low-income adults living with diabetes, food insecurity was a factor in lower self-

efficacy, or confidence in one's disease management (90).  

Separate analyses of NHANES data from 1999-2006 found that experiencing 

some food insecurity was associated with metabolic syndrome in adults, as well as 

elevated levels of C-reactive protein, an inflammatory biomarker (72, 91). Food 

insecurity has been found to be an independent risk factor for poor nutritional status in 

adults living with HIV as well as a barrier to adherence to anti-retroviral therapy for the 

condition (52, 92). Lastly, food insecurity is associated with poor sleep in adults, a 

perfect set-up for other adverse health outcomes (93). Clearly, food insecurity is a threat 

to the health of Americans, may exacerbate other risk factors and may complicate the 

development and course of chronic dysfunction or disease. 

FOOD INSECURITY AND CHILDREN'S HEALTH 

In 2015, the most recent year for which data are available, 16.6% of U.S. 

households with children under 18 years were food-insecure (1). Having a child under 18 

years in the household actually puts the household at greater risk for food insecurity (65). 

Food insecurity is particularly troubling in children because not only can it compound 

other risks (such as minority ethnic status or low SES) for poor health outcomes, but 

children have negligible control over family circumstances or the food environment (60, 

94, 95). In a case-control study of maternal food insecurity, the odds of birth defects in 

children born to women who were food-insecure in pregnancy were 16% higher 

compared to food-secure mothers (96). Infants in low-income households that are food-
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insecure were 42% more likely than their food-secure counterparts to develop iron-

deficiency anemia in one Massachusetts study (97). In children, food insecurity is 

associated with higher rates of hospitalizations and parent reports of low overall health 

ratings, as well as lower health-related quality of life (HRQOL) (98, 99). Household food 

insecurity was inversely associated with HRQOL in infants in a dose-response manner 

(100). Adolescents (12-17 years old) in food-insecure households are also more likely to 

have low HRQOL (99). Food-insecure adolescent boys are at risk for low bone mineral 

density (14). Using data from NHANES, Alaimo and colleagues found that children 

suffering from food insufficiency [a sub-classification of food insecurity defined by 

inadequate food intake (10, 101)] displayed more academic, cognitive and psychosocial 

developmental difficulties than their peers; the findings held after poverty status was 

controlled in analyses (102, 103). Similar to findings in adults, there is an association 

between food insecurity and poor outcomes in children with HIV (52, 104). Casey and 

colleagues reported that in a convenience sample of adult caregivers of children aged 0-3 

interviewed in hospital emergency departments and primary care clinics, maternal 

depression was strongly associated with food insecurity (OR 2.69, 95% CI 2.33-3.11) and 

fair to poor child health status (as opposed to excellent/good health) (OR 1.64, 95% CI 

1.39-1.94). While the cross-sectional design prevents assumptions about directionality 

between food insecurity and these outcomes, the evidence does suggest that physical, 

psychological and socioeconomic factors may interact with one another and that some 

conditions in children may be influenced by maternal characteristics (105).  

Qualitative research in children has revealed that food insecurity is a 

psychological and psychosocial stressor. Specifically, a child may suffer the impact of 

food insecurity before s/he is old enough to comprehend the phenomenon (106, 107). 

Psychological correlates of food insecurity may reach drastic magnitude. Food-
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insufficient adolescents reported higher prevalence of depressive disorder and more 

suicidal symptoms, such as the desire to die and suicide attempts, than food-sufficient 

peers in a national sample (108). One quantitative study found a direct association 

between food insecurity severity and mental disorders in children and adolescents (109). 

This research will focus on the association between multiple health outcomes and food 

insecurity in children, a vulnerable population with negligible power for self-advocacy, 

with a goal of aiding preventive efforts in the field of children's health. 

FOOD INSECURITY AND CHILDREN'S HEALTH: THE SEARCH FOR DATA 

Few data sets exist with validated measurement of food security status and 

sufficient power for investigations into nutrition-related dimensions of children's health. 

Besides the CPS, which furnishes national statistics for the prevalence of food insecurity 

in non-institutionalized populations, the validated HFSSM is included in the National 

Health Interview Survey (NHIS), the Early Childhood Longitudinal Survey (Birth and 

Kindergarten cohorts), the Panel Study of Income Dynamics (PSID), and the SIPP and 

the related SPD (110). The NHANES, a series of cross-sectional, nationally 

representative samples, has not consistently used the full HFSSM to assess food security 

status of participants (71, 102, 111). The Behavioral Risk Factor Surveillance Survey 

(BRFSS) used a single item to assess concern about enough food, but there is no 

information on the validity or reliability of the question (112). 

The characteristics of the HFSSM were discussed earlier in "Food Insecurity 

Measurement and Terminology." Food insecurity encompasses food insufficiency, which 

is inadequate intake due to a lack of money or resources for access to food, and has other 

dimensions (e.g. psychological, environmental) related to food access and intake. Thus, a 

measure of food insufficiency alone is not equivalent to the HFSSM scale (10, 112). 
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Some years of the SIPP and the Continuing Survey of Food Intakes by Individuals 

(CSFII) also administered the food sufficiency measure but not the HFSSM (10, 26). 

The Early Childhood Longitudinal Survey - Kindergarten cohort (ECLS-K) data 

set has two features that make it more suited than the abovementioned surveys for this 

research. First, it is a longitudinal cohort study, with multiple collection waves between 

1998-2007. This allows for longitudinal analysis of food insecurity's impact on the health 

of children, an effect that cannot be modeled in cross-sectional data. Of the 

abovementioned surveys, only the PSID, SIPP and SPD are longitudinal in design. The 

PSID only assessed food security status of households with two or more children (18). 

The SIPP gathered data primarily on socioeconomic variables, questions about health 

were not assessed at every wave, and the survey is somewhat outdated, having ended in 

1993 (113). The SPD, while more current than the SIPP (data were collected 1998-2002), 

has the same scope: economic-, financial- and labor-related outcomes of interest, making 

an investigation into health correlates of food insecurity difficult (18, 114).  

The second attractive feature of the ECLS-K is the collection of a wide range of 

household sociodemographic data. The size of the ECLS-K yields large cell sizes to 

increase the power of the planned analyses and allow for more flexibility in treatment of 

SES as a covariate. Furthermore, the child anthropometrics were directly assessed at all 

waves of the ECLS-K, yielding critical data for model adjustments in Chapters 2 and 3 

and for the main analysis in Chapter 4 (115). The dual-frame design of the study included 

type of school as one of the sampling frames, meaning that both public and private school 

students were sampled (115). More details on the ECLS-K can be found in the Methods 

section, below. Because the ECLS-K was a longitudinal study designed to capture data 

on diverse realms of children's health and development, the data set can be utilized to 

address questions pertaining to the impact of food insecurity over a period of time and its 
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effect on chronic health conditions in children. Parent-report of a diagnosis of asthma in 

the index child will be used as a marker of chronic health in children in the ECLS-K in 

two of three aims.  

ASTHMA IN CHILDREN 

Asthma, a persistent and painful chronic respiratory condition, affects 8.2% of 

Americans, over 7 million of which are children (aged 0-17 years), making it one of the 

most common chronic diseases in childhood (116, 117). Evidence from 2 birth cohort 

studies indicates that symptomatology of asthma, if diagnosed in children under 6 years, 

will typically be stable through age 16, and if the symptoms (e.g. wheezing) are severe, 

they are more likely to persist into adulthood (118, 119). A review of Scandinavian long-

term studies found that asthma relapses are common in young adults (120). The burden of 

asthma manifests as lost productivity in work and school, lowered quality of life, 

expensive hospitalizations, treatments and emergency department visits, and mortality 

(121, 122). Disease management (mostly in the form of pharmacotherapeutic agents) and 

emergency care comprise the majority of interventions for asthma. Primary prevention 

strategies are less common and their effectiveness has not been widely studied. Thus, 

asthma is difficult to manage and costly to treat (121, 123).  

Asthma rates are higher in population sub-groups such as children (especially 

boys), adult women, people with income levels below the poverty line, and people of 

African-American or Puerto Rican ethnicity (116, 124, 125). This is concerning given 

that these same sub-groups are also at higher risk for food insecurity (66). Underscoring 

the gravity of this problem are recent findings that the incidence of asthma and other 

chronic diseases in children is on the rise in the U.S., especially in African-Americans 

and/or those living in poverty (122). Factors outside the scope of this research, such as 
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parental history of asthma, and passive smoking, eosinophilia and/or atopy in the child, 

have been reported as principal predictors of persistent asthma (lasting into adulthood) 

and later lung function abnormalities (120, 126). 

Although advances have been made in understanding the pathophysiology of 

asthma and improving patient control of the clinical manifestations of the condition, its 

etiology has not been identified (116, 121, 127). Approximately 80% of children with 

asthma present with symptoms in the first few years of life (128, 129). It is hypothesized 

that environmental insults exploit defects in airway epithelium and the innate immune 

response, leading to development and progression of the condition (130). Respiratory 

infections, airway irritants, allergies, exercise and stress are common triggers for asthma 

attacks, which can range from mild to severe (116). The evidence is congruent with the 

observation that asthma appears to manifest along a spectrum of severity, and the 

different disease profiles could result from individual allergy diathesis (118, 131, 132).  

An exploration of immunity in relation to asthma development is beyond the 

scope of this dissertation. However, a comprehensive review in the Journal of the 

Academy of Nutrition and Dietetics linked overweight/obesity in children to asthma 

(133). In a review, 30 of 31 cross-sectional studies showed a positive relationship 

between body weight and prevalence of asthma symptoms; this association was absent in 

3 of 4 case-control studies. Longitudinal studies suggest that this relationship may be 

reflexive, or mutually reinforcing. High body weight (overweight and/or obesity) led to 

the development of asthma symptoms in 12 of 13 prospective studies included by the 

authors. In one of these prospective studies, a positive change in BMI status in childhood 

significantly raised risk for asthma in adolescence for boys, but not girls, independent of 

diet and physical activity (133). Limitations of the primary studies reviewed prevent all 

but the most general of conclusions about the relationship between obesity and asthma. 
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However, a recent meta-analysis of six pediatric cohort studies found a dose-response 

relationship between increasing BMI and risk of incident asthma, with risk significantly 

higher for boys than girls (134). Taken together, these publications bring to light 

important connections between nutrition and disease that are critical for public health 

policy (Figure 1.5).  

Figure 1.5: The Relationship between Food Insecurity, Overweight/Obesity, and Asthma 
in Children 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results from a recent multi-ethnic, population-based prospective study of the 

relationship between body weight and asthma incidence and severity confirm previous 

findings of a positive relationship between weight status and asthma incidence (135).  
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Over 600,000 healthy children aged 6-19 years receiving health care through Kaiser 

Permanente Southern California, a large health maintenance organization, had a 

height/weight measurement between January 2007 and December 2010 (baseline) and 

were followed until December 31, 2011, onset of asthma, or disenrollment in the health 

plan, whichever occurred first. Incident asthma was identified by physician diagnosis and 

prescription of medication. Age- and sex-specific body mass index (BMI) z-scores from 

the Centers for Disease Control and Prevention (CDC) were combined with World Health 

Organization (WHO) definitions to create the following weight status categories: 

underweight (<5th percentile), normal weight (>5th to <85th percentile), overweight 

(>85th percentile to <95th percentile or BMI >25), moderately obese (>95th percentile or 

BMI >30), and extremely obese (>1.2 x 95th percentile or BMI >35). Other 

characteristics related to asthma care and management were assessed to determine if 

weight status affected severity of symptoms or control of the condition (135).  

In models adjusted for age, sex, race/ethnicity and type of insurance [Medi-

Cal/state plan vs. private/other]), risk of asthma was associated with overweight (HR 

1.16, 95% CI 1.13-1.20), moderate obesity (HR 1.23, 95% CI 1.19-1.28) and extreme 

obesity (1.37, 95% CI 1.32-1.43).  Extremely obese youth, vs. those of normal weight, 

had a higher rate of asthma-related emergency department visits (P<0.002). The authors 

report significant interactions with age, sex and race/ethnicity in the weight status-asthma 

models, such that risk of asthma with elevated BMI appears highest in girls aged 6-10 

and children of Asian/Pacific Islander descent (vs. white, black or Hispanic 

race/ethnicity). However, the confidence intervals for the hazard ratios for risk of asthma 

in 6-10 year-old girls partially overlapped with those for 6-10 year-old boys. 

Furthermore, the authors suggest that previous investigations, such as those reviewed by 

Papoutsakis et al., may not have included adequate numbers of Asian/Pacific Islander 
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children to power analyses on this sub-group (135). The authors also posit that the 

observed attenuation of association between obesity and risk of asthma in black/African-

American children could reflect stronger influence of genetic or environmental factors 

(vs. BMI) on asthma in these children. Thus, the findings are generally congruent with 

those of the studies reviewed by Papoutsakis et al. (133, 135).  One drawback of this 

large prospective study is that the role of environmental exposures, like pollution or 

cigarette smoke, in asthma incidence were not assessed (135).   

Nutrition and food security could have an impact on the disease burden of asthma, 

making asthma not only a marker of children's health, but a potential indicator of 

nutritional or metabolic risk (133, 136, 137).  

Canadian researchers have found that hunger and/or poverty are associated with 

asthma in children; the asthma-hunger association was significant for girls, but not boys; 

however, food security status was not assessed (69, 138, 139). Findings from the CHIS, a 

cross-sectional, repeated telephone survey of non-institutionalized adults, indicate that 

self-reports of asthma diagnoses are higher in adults living in very low food-secure, 

rather than food-secure, households (79). To date, it appears that only a single study has 

been published on asthma in children in the ECLS-K; higher BMI and a parental 

perception of lower physical activity levels were associated with asthma in the 3rd grade. 

Food insecurity was not included as a variable in the study (140). Research on a possible 

food security-asthma connection is warranted and could shed light on the etiology of 

asthma as well as avenues for interventions to improve health status in children with 

asthma. Asthma is a compelling marker of children's health and wellbeing. Although 

evidence has linked asthma in children both to hunger and to overweight/obesity, 

conditions associated with food security in some cases, a direct connection has not yet 

been investigated in youth populations. Exploration of a relationship between food 
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insecurity and asthma prevalence in children would be valuable for early detection and 

prevention of chronic disease as well as the refinement of public health interventions in 

this population. 

FOOD INSECURITY AND OVERWEIGHT/OBESITY IN CHILDREN 

In the United States, the prevalence rate of obesity in children has tripled since the 

1970s, making it the preeminent health crisis of our time. A vast body of literature 

documents the adverse obesity-related outcomes in children and adolescents, including 

conditions such as liver disease, hypertension, and Type 2 diabetes that used to be 

confined to an adult population and rare in people under 18 years (141). Its connection to 

asthma in children is described above. It is beyond the scope of this work to provide an 

exhaustive review of the risk factors for and outcomes of obesity in childhood. Instead, 

research specifically on the relationship between food insecurity and obesity in child and 

adolescent populations will be briefly presented. 

As mentioned above, multiple studies have linked food insecurity to obesity in 

adults; this association is strongest in women, ethnic minorities and low-income 

populations (77, 78, 80). Initially labeled a "paradox," the relationship between food 

insecurity and obesity is now better understood, due to investigations into shared 

socioeconomic and environmental determinants (20, 75, 77, 142). In children, evidence 

of a positive association between food insecurity and obesity is inconsistent (143-145) 

(Figure 1.5, above). Complicating the picture are differences between studies in 

definition and assessment of food insecurity and confounding factors such as 

race/ethnicity, poverty and parental depression. Gundersen and colleagues, for instance, 

did not find an association between food insecurity and overweight in 10-15 year-olds, 

but child-specific, not household, food insecurity was assessed (146). In an analysis of 
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NHANES data, Casey and others observed that the association between household food 

insecurity and overweight/obesity risk in children and adolescents differed among various 

demographics; food insecurity and overweight/obesity were positively associated in girls, 

those with income <100% or >400% of the FPL, those aged 12-17 years, and non-

Hispanic whites (71). Lastly, one study found no positive relationship between food 

insecurity and child overweight, but the presence of maternal stressors amplified a child's 

risk of overweight in food-secure households (147). Maternal or parental depression is a 

strong example of a parental characteristic that may mediate the relationship between 

food insecurity and child weight; lack of clarity on the relationship may be due in part to 

incomplete consideration of such familial factors (148).  

Furthermore, there is a paucity of longitudinal analyses of exposure to food 

insecurity. The latter is a concern for understanding the role of food insecurity in the life 

course as a dynamic factor, one whose duration of exposure may have a critical threshold 

in terms of impact on outcomes. What follows is a description of research on food 

insecurity in the ECLS-K and how these data will be used to help fill this knowledge gap 

in the food insecurity-obesity relationship in children. 

PREVIOUS FINDINGS RELATED TO FOOD INSECURITY IN THE ECLS-K 

The ECLS-K provides data on children's school experiences from elementary to 

middle school, academic achievement in various subjects, and variables related to 

progress and development in family, social and school settings in a diverse cohort (115, 

149-158). The findings related to food insecurity in the ECLS-K cohort can be divided 

into 3 types of evidence: first, confirmation of the demographic risk factors for food 

insecurity during childhood; second, evidence that food insecurity plays a part in poor 
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outcomes in multiple domains of child health and wellbeing; and third, support for a 

complex relationship between food insecurity and overweight/obesity.  

On the first point, an exploration of the factors contributing to higher food 

insecurity rates in immigrant noncitizen (vs. citizen) populations found that being 

Hispanic, having a large household size, and/or having a lower level of maternal 

education accounted for almost half of the difference in food insecurity rates between 

children (born abroad or in the U.S.) with noncitizen vs. citizen immigrant mothers (94). 

In a cross-sectional analysis of kindergarten/baseline data, Stormer and Harrison found 

no correlation between food insecurity and anthropometric variables (overweight, 

underweight, and height-for-age), or cognitive ability or performance, as measured by 

scores from independent observers and classroom teachers. However, food insecurity was 

a predictor of social interaction skills and emotional state, with risk of negative outcomes 

higher in children from food-insecure households (36).  

Jyoti and others utilized two waves of ECLS-K data (the spring of kindergarten, 

1999, and of 3rd grade, 2002) to examine the relationship between household food 

insecurity and five outcomes in academic, physical and social dimensions. Lagged, 

dynamic and difference multiple linear regression models included composite categorical 

variables to represent changes in food security and other background variables that were 

controlled in analyses (e.g. child disability status, health insurance coverage, parental 

marital or employment status). Girls that were food-insecure (at marginal, low food-

secure, or very low food-secure levels) in kindergarten gained more weight and had 

higher BMIs in the 3rd grade; in boys, food insecurity led to a decline in social skills. 

Food insecurity in kindergarten predicted lower academic performance for both boys and 

girls. For girls, but not boys, from households that transitioned from food-secure to food-

insecure between kindergarten and 3rd grade, reading performance increases shrank, but 
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no significant association appeared for the reverse pattern (from food-insecure to -

secure). The authors caution against unqualified acceptance of the results of the models 

examining food security status and weight/BMI of children, as parental BMI was not 

assessed and the analytical design would not capture a long lag between exposure to food 

insecurity and change in child BMI (68).  

Rose and Bodor, in a cross-sectional analysis of data from the second wave (in 

spring of the kindergarten year, 1999), found that food-insecure children had lower odds 

ratios for overweight or risk of overweight than the food-secure; these results held when 

models used dichotomous and trichotomous categories of food-secure status (i.e. food-

secure vs. low or very low food-secure; food-secure vs. low food-secure vs. very low 

food-secure) (82). These initial findings were somewhat surprising, because Stormer and 

Harrison, in their cross-sectional analysis of data from the fall of kindergarten (1998), 

turned up null findings (36). Rose and Bodor also modeled children's weight gain 

between the spring of kindergarten (1999) and the spring of the 1st grade (2000). Food 

insecurity reported in 1999 did not predict overweight status in 2000, but it did negatively 

associate with being in the 85th percentile or higher of the distribution of the change in 

BMI between kindergarten and first grade for specific age and sex groups (82).  

The finding that a report of household food insecurity is associated with a lower 

likelihood of weight gain in the subsequent year clashes with the evidence from Bhargava 

et al.'s econometric models investigating the bi-directional relationship between 

household food insecurity and children's weight and longitudinal weight change (159). 

The models utilized 3 timepoints: the springs of 1st grade (2000), 3rd grade (2002), and 

5th grade (2004). Sociodemographic and psychosocial (e.g. parental emotional score) 

characteristics (and height) of children and parents and household scores on the HFSSM 

were added as variables in the models, which estimated the separate outcomes of 
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children's weight and BMI as a function of these variables. One of the unique 

characteristics of the econometric approach was the exclusion of ECLS-K sampling 

weights from the models, which typically adjust for sampling and attrition biases in the 

study design. Another detail that stood out was the treatment of children's BMI, 

calculated as the ratio of weight to height squared that is appropriate for adults (159). In 

the models, sociodemographic variables (race/ethnicity, time spent watching television or 

doing physical activity, parental education, household income, and number of siblings) 

were associated with children's weights, but food security (treated as two variables, either 

HFSSM score or food security classification) was not. Food insecurity alone or in models 

stratified by child sex was not a significant predictor of child BMI, nor were other 

indicators (159). 

It is difficult to reconcile the results of Bhargava et al. with those from other 

analyses of food insecurity and child BMI in the ECLS-K. Bhargava et al. postulate 

several problems with the methods of Jyoti et al. and Rose and Bodor (both discussed 

above) (68, 82, 159). Yet, Bhargava et al.'s econometric modeling was limited by use of 

the adult formula for child BMI and lack of use of statistical weights (159). For the 

purposes of this work, it is sufficient to note that existing evidence of an association 

between food insecurity and child BMI in the ECLS-K is conflicting.   

Lastly, Gershoff and others developed a model of material hardship, a 

multifactorial construct more sophisticated than household income or SES alone, that is 

associated with indicators of children's cognitive or psychosocial skills. Food security 

status is included in the measure of material hardship, along with residential instability, 

inadequacy of medical care, and duration of financial troubles. In structural equation 

modeling, these measures of hardship partially mediated the relationship between family 

income and the outcomes of interest, providing a picture of how income and other 
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financial and demographic variables contribute in tandem to affect family dynamics and 

ultimately impact children's development (160, 161). The nature of the findings 

underscores the importance of the interplay of many factors, including food insecurity, in 

children's health outcomes. 

As discussed earlier in the "Food Insecurity in a Theoretical Framework" section, 

two publications introduced different approaches to the analysis of ECLS-K data (19, 63). 

Both studies used years of exposure to household food insecurity reported at four waves 

(spring of kindergarten, and of 3rd, 5th, and 8th grades) to conceptualize duration of 

exposure to food insecurity; more detail is provided in "Food Insecurity in a Theoretical 

Framework". The descriptive methods of Burke and colleagues reinforced the evidence 

from annual CPS reports that single-parent households, African-American households, 

and households that were below the poverty threshold at more than one of the waves 

were at both higher risk of ever experiencing food insecurity and persistent food 

insecurity (63). Ryu and Bartfeld examined the effect of repeated exposures to food 

insecurity (in the form of either long-term, persistent food insecurity or recent food 

insecurity) on parent-reported child health in the 8th grade, the final wave in the ECLS-

K. Health status is a parent-reported general health indicator of the child along a 5-point 

ordinal scale, with labels of "poor", "fair", "good", "very good" and "excellent." Health 

status was dichotomized into high ("excellent" or "very good") or low ("good", "fair" and 

"poor") (19). Initial health status at baseline, parental depression and household income 

were controlled to isolate any independent effect of exposure to food insecurity on the 

outcome. Having 3-4, not 1-2, years of exposure to food insecurity (i.e. being persistently 

food-insecure) predicted low health status in 8th grade (19).  

Both groups of investigators reported rates of ever being food-insecure in the 9-

year span (1998-2007) of the ECLS-K. When "food-insecure" is defined as >3 
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affirmative responses on the HFSSM (i.e. including low and very low food-secure, but 

not marginally food-secure, households), almost 21% of children experienced parent-

reported household food insecurity at least once over the study period (19). If marginally 

food-secure households are classified in the food-insecure label, that percentage jumps to 

35% (63). These reports are sobering, as they are the first to compile data from the entire 

span of the ECLS-K, and the rates of children's exposure to food insecurity are higher 

than cross-sectional prevalence rates might suggest. In addition, persistent food insecurity 

was seen in 13.1% of children, particularly in those groups at high risk for the 

phenomenon (households below the FPL or headed by a single parent or belonging to an 

ethnic/racial minority). The researchers suggest that adaptations to this form of recurring 

or chronic stress may create developmental or health risks in this population. More 

research on persistent exposure to food insecurity, any long-term outcomes of these types 

of exposures to food insecurity, and whether the timing of this exposure affects outcomes 

is warranted.  

AIMS AND HYPOTHESES 

Using the ECLS-K longitudinal cohort study, three aims are postulated. The first 

aim is to determine the cross-sectional association between household food security 

status and a diagnosis of asthma in the child in 3rd grade, before and after adjustment for 

covariates. The hypothesis is that household food security status is significantly 

associated with asthma diagnosis in children, and this relationship may be affected by 

various sociodemographic characteristics of the child or parent in a snapshot of the 

ECLS-K cohort at 3rd grade, the first wave at which a parent reported if a child had ever 

been diagnosed with asthma. The background, methods and results specific to Aim 1 are 

presented and discussed in Chapter 2. 
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The second aim will utilize the repeated measures design of the ECLS-K. The aim 

is to examine the association between the number of years of exposure to household food 

insecurity from kindergarten to 8th grade and risk of asthma before and after adjustment 

for covariates. The hypothesis is that exposure to household food insecurity and asthma 

risk are significantly related, and this relationship may be affected by various 

sociodemographic characteristics of the child or parent. 

The objective of the third aim is to examine the relationship between the number 

of years of exposure to food insecurity between kindergarten and eighth grade and risk of 

overweight/obesity by sex, controlling for covariates. The hypothesis is that exposure to 

food insecurity and risk of overweight/obesity in late childhood are significantly related.  
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Chapter 2: Household Food Insecurity is Positively Associated with 
Childhood Asthma1 

In the United States in 2013, food insecurity, defined as "a limited or uncertain 

availability of nutritionally adequate or safe foods, or limited or uncertain ability to 

acquire food in socially acceptable ways," was reported in 14% of households and closer 

to 20% of households with children (162). These rates are troubling because food 

insecurity of any severity is associated with a host of physiological, nutritional and 

psychological problems in adults and children (14, 57, 85, 100, 102, 163, 164). 

Additionally, ethnic minorities, low-income households, individuals with limited 

education, and the uninsured are disproportionately affected by food insecurity (39, 41-

44, 162). Although the prevalence of food insecurity is higher among households with 

incomes below the federal poverty line, food insecurity poses a risk to health independent 

of that related to low socioeconomic status (SES) (47, 50, 162, 165).  

Another major health concern for school-aged children in the U.S. is asthma, the 

most common chronic childhood disease (116, 135). The prevalence of asthma has been 

increasing in the last three decades, with rates higher in children than in adults. In an 

analysis of the U.S. population from the National Health Interview Survey (NHIS), 12-

month period prevalence rates nearly doubled from 1980-1996, and asthma prevalence 

increased from 7.3% to 8.2% between 2001 and 2009. In the period 2006-2008, asthma 

incidence was higher in children than in adults, with the highest incidence rate (23.4 

cases per 1,000 at risk) among those 0-4 years old, compared to children 5-11 years old 

                                                 
1 Mangini LD, Hayward MD, Dong YQ, et al. Household Food Insecurity Is Associated with 
Childhood Asthma. J Nutr 2015;145(12):2756-64 doi: 10.3945/jn.115.215939. The dissertator 
designed research, analyzed data, wrote the first draft of the manuscript for publication, and had 
primary responsibility for final content. 
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(11.1/1,000) and children aged 12-17 years (4.4/1,000) (166). Similar to food insecurity, 

there are disparities in the prevalence of asthma. Hispanics of Puerto Rican descent have 

the highest rate of diagnosis, followed by non-Hispanic blacks (NHBs), then non-

Hispanic whites (NHWs), with Hispanics of Mexican descent experiencing the lowest 

prevalence (116, 167-170). Other risk factors for childhood asthma are male sex, obesity 

and living below the federal poverty level (116, 135).  

The pathophysiology of asthma appears to be a complex interaction between 

genetic predisposition or characteristics (e.g. maternal asthma, ethnicity, low birthweight, 

high childhood body mass index [BMI]), prenatal factors (e.g. maternal smoking), and 

social and physical environmental exposures (e.g. poverty, stressful life events, or 

secondhand cigarette smoke exposure), depending in part on timing relative to 

developmental stages of the life course (171-175). Yet, relatively few studies have looked 

at exposures related to nutritional status, such as food insecurity, as contributors to 

asthma. In a 2013 Brazilian study, the odds of asthma, as indicated by reports of 

wheezing, was associated with moderate or severe food insecurity (measured by the 

Brazilian Food Insecurity Scale) in a dose-response relationship among 1,307 children 

aged 6-12 attending public elementary schools (176). Among youth aged 16-21 years 

followed as part of the Canadian National Longitudinal Study of Children and Youth, 

experiencing two or more episodes of hunger due to food shortage (measured by a single 

item) resulted in more than double the odds of asthma (OR 2.38, 95% CI 1.14-4.94) (69). 

To our knowledge, no study has assessed the relationship between household food 

insecurity, as measured by the validated U.S. Department of Agriculture's (USDA) 

Household Food Security Survey Module (HFSSM), and asthma in American children. 

The Early Childhood Longitudinal Study- Kindergarten cohort (ECLS-K) has 

ethnically diverse school-aged children in the U.S. who were recruited in kindergarten 
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during the fall of 1998. In its 3rd-grade wave, parents were asked whether their child had 

ever been diagnosed with asthma by a health care professional. Household food security 

for the preceding 12 months was assessed using the full 18-item HFSSM (2, 56, 177). 

The objectives of this analysis were to estimate the prevalence of asthma and determine 

the association between food insecurity and odds of asthma among ECLS-K children in 

the 3rd grade before and after taking into account maternal and child sociodemographic 

factors. 

METHODS 

Subjects 

The ECLS-K was a nationally representative sample of kindergarteners in schools 

across the U.S. in 1998-1999 using a dual-frame, multi-stage probability cluster design 

(115). There were seven waves of data collection between 1998 and 2007, starting in fall 

of kindergarten (1998) through the spring of 8th grade. Minority ethnic groups were over-

sampled in the fall of kindergarten; specifically 55.1% were NHW, 15.3% NHB, 17.9% 

Hispanic, 7.5% Asian/Pacific Islander, 1.8% Native American, and 2.4% other (mixed, 

unknown) (N=21,042) (115). Children enrolled in  kindergarten were representative of all 

U.S. kindergarteners in that year; data from subsequent years were representative of the 

ECLS-K cohort only (115, 177). Using the non-restricted, public-use data set, we focused 

on parent-reported data from the spring of 3rd grade (2002) (178). The sample was 

freshened in the spring of 1st grade with children who had not attended kindergarten in 

1998-99. The 3rd grade sample included baseline kindergarten respondents, the freshened 

1st-grade sample, and a random 50% sub-sample of children that were followed after 

moving from their kindergarten schools (115).  
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Of all respondents in the spring of 3rd grade, children with missing or incomplete 

data on sex, race/ethnic group, household food security or poverty status, asthma, weight, 

birthweight, health insurance coverage and maternal nativity or education were excluded 

from the analytical sample (n= 4,206). Exclusion criteria covered duplicate data in the 

form of twin siblings; thus, only one child per household was randomly selected for 

inclusion in the sample. The final unweighted analytic sample size was 11,099. In the 

majority of cases, the biological mother was the phone interview respondent (91% of 

NHWs, 83% of NHBs, and 88% of Hispanics). Other respondents included the biological 

father, an "other mother" type, or a non-parent relative (<10% of all cases for each 

race/ethnic group). 

Measures 

Food Security 

Household food security was measured using the USDA 18-item HFSSM, which 

is designed to capture the severity of food insecurity in a household and its members' 

experiences of and responses to limited access or availability of adequate or acceptable 

food over the 12 months prior to the questionnaire administration (2, 112). The full 

module was embedded in the telephone interview administered to parents in the spring of 

2002; thus, the reference period was the 12 months prior to the spring of the child's 3rd-

grade school year. The parent responded with a "yes" or "no" to the questions or 

statements in the module, ten of which refer to adult members of the household, and eight 

to the index child (177). The standard coding protocol classifies those households with 

<2 affirmative responses as food-secure, and households with 3 or more positive 

responses as food-insecure to some degree (2). The composite categorical variable in the 

data set has four values, corresponding to divisions of the Rasch transformation of raw 
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scores on the module: food-secure, food insecure without hunger, food insecure with 

moderate hunger and food insecure with severe hunger (177). In 2006, the terminology 

changed: "low food security" replaced the "food insecure without hunger" category, and 

the two food-insecure with hunger categories were subsumed into "very low food 

security" (58). For these analyses, food security status was treated as either a 

dichotomous or trichotomous variable. For the former, households were categorized as 

food-secure or food-insecure (all responses other than food secure). The trichotomous 

variable had food-secure (0 affirmative responses to the HFSSM), marginally food-secure 

(1 or 2 affirmative responses), or food-insecure (>3 affirmative responses). 

Asthma 

Asthma in the child was assessed in the 3rd grade parent interview with a single, 

dichotomous yes/no item: "Has a doctor, nurse or other medical professional ever told 

you that your child has asthma?" A similar item is used in the NHIS and a module in the 

Behavioral Risk Factor Surveillance System (BRFSS) to assess diagnosis of asthma by a 

health professional (166). 

Covariates 

Sociodemographic and anthropometric variables from the parent questionnaire 

and direct child measurement, respectively, were included in the analysis as covariates. 

Specifically, the following were used: race/ethnicity, household poverty status in relation 

to Census thresholds, child sex, maternal nativity and education, child health insurance, 

height, weight and birthweight, and household income.  

Race/ethnicity was reported by the parent and from the baseline enrollment data if 

parent report was missing in third grade (177). The 7 composite categories of 

race/ethnicity were condensed to four groups: NHWs, NHBs, Hispanics (of any race), 
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and Asian/Other. The latter category included Asian, Native Hawaiian/Pacific Islander, 

American Indian/Alaska Native or more than one race (all non-Hispanic) (n=1,282).  

Household poverty included a dichotomous variable, calculated from a 

comparison of the reported income range of the household based on 2001 Census poverty 

thresholds, which took into account household size. Households were classified as 

at/above or below the poverty threshold (177). 

Maternal nativity was constructed using mother's country of birth reported in 1st, 

3rd and 5th grades. Multiple waves of data were used to limit exclusion due to missing 

data. Nativity was classified as "U.S.-born" if data on U.S. as country of birth were 

concordant across 1st, 3rd and 5th grade waves. Maternal nativity was "foreign-born" if 

any country of origin other than the U.S. was reported at any wave. 

Maternal education, a marker of SES, classified mothers as having less than a 

high-school diploma, a high-school diploma or a vocational/technical degree, or any 

college or higher based on parent report in the 3rd grade (179). The latter category 

included those with any college or university as well as a bachelor's or any advanced 

degree. 

Child health insurance was based on one item response from the spring of 3rd 

grade parent questionnaire that asked whether the child currently did not have health 

insurance. A child was classified as being uninsured if the response was affirmative, and 

otherwise insured. 

Children's heights and weights were assessed directly by ECLS-K field staff in 

3rd grade. Height was measured by Shorr Board and weight with a digital bathroom 

scale; each child's measurements were taken twice and the average of these two 

measurements was used in analysis (68, 177). Any child with a difference between the 

two height measurements of >2 in. was excluded from analyses (n=31). If the 
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measurements differed by < 2 in., the average of the two measurements was used for 

height of the child. For weight, any child with a difference between measurements of >5 

lb (2.27 kg) was excluded from analyses (n=41). If the measurements differed by <5 lb, 

the average of the two measurements was used for weight of the child (180). If children 

had one missing weight but another value within a reasonable range for age was 

recorded, the single measurement was included in analyses (n=3). A continuous BMI 

percentile was calculated using the Centers for Disease Control and Prevention (CDC) 

age- and sex-specific referent data; the percentiles were classified into: lean/normal 

(<85th percentile), overweight (85th-94th percentile) or obese (>95th percentile) (181).  

Children's birthweight was based on parent-reported data from either the spring of 

kindergarten or the first-grade year. Birthweights reported in pounds and ounces were 

converted to grams; if a value in pounds was present but ounces were missing, a value of 

8 oz. was the default. Birthweight was calculated in gram amounts to classify each child 

as low (LBW) (<2500 g), normal (2500-3999 g), or high birthweight (>4000 g). 

Household income was based on parent-reported data from the spring of 3rd grade 

questionnaire. The 13 categories of income were merged into 3 groups: households 

making $15,000 or less/yr; households making $15,001-$50,000/yr; and households 

making $50,001 or more/yr. 

Analyses 

Descriptive statistics (mean, median and mode for continuous variables and 

frequencies for categorical ones) were generated for food insecurity, asthma, 

sociodemographic and anthropometric variables in the entire unweighted sample. 

Pearson’s χ2 tests and one-way analysis of variance (ANOVA) were computed to 

compare children in food-secure vs. food-insecure households using the unweighted data. 
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Multiple logistic regression models using the ECLS-K cross-sectional sample weights for 

the data were created to generate the odds ratios (OR) with 95% confidence intervals 

(95% CI) for a diagnosis of asthma by food security with and without adjustment for 

covariates (115). In adjusted logit models, food security was treated three different ways 

as described above, notably: dichotomous, trichotomous; and then a dichotomous 

treatment with the marginal food-secure households combined with the food-insecure 

ones. The logit models were computed for the entire sample and then stratified by 3 

race/ethnic groups: NHW, NHB, or Hispanic (of any race). The Asian/Other group was 

included in the overall logistic regression model only, as it was deemed too 

heterogeneous for an analysis stratified by race/ethnic group. To retain power, sex was 

entered as a covariate in all models rather than in stratified analysis/models. Additional 

weighted logit models were created to include the four-level interaction term for food 

insecurity by household poverty for the overall sample and by race/ethnicity, adjusting 

for significant covariates. Supplemental analyses included a weighted, adjusted logistic 

regression model with household income substituted for poverty status. Analyses were 

done with SPSS 21.0 for Windows (SPSS Inc, Chicago, IL) or for weighted analysis with 

SAS 9.2 (SAS Institute Inc., Cary, NC) for Windows. Significance was set at P< 0.05 for 

all analyses. 

RESULTS 

The prevalence rate of food insecurity in the past 12 months and ever diagnosed 

with asthma, sociodemographic and maternal characteristics and anthropometrics in the 

entire sample and by race/ethnic group appear in Table 2.1.  
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Table 2.1: Characteristics of the ECLS-K 3rd Grade Year (2002), Overall and by 
Race/Ethnicity 

Values are unweighted n (%) or means ± SD; percentages may not sum to 100 
due to rounding. ECLS-K, Early Childhood Longitudinal Study-Kindergarten cohort; HS, 
high school; NHB, non-Hispanic Black; NHW, non-Hispanic White. 

 
 All NHW NHB Hispanic 
Total N (%) 11,099 6,837 (62) 1,201 (11) 1,865 (17) 
Food Security     
Food Secure 10,339 (93) 6,548 (96) 1,048 (87) 1,645 (88) 
Food Insecure 760 (7) 289 (4) 153 (13) 220 (12) 
Asthma     
Yes 1,334 (12) 745 (11) 227 (19) 223 (12) 
No 9,765 (88) 6,092 (89) 974 (81) 1,642 (88) 
Poverty     
Below Threshold 1,987 (18) 561 (8) 498 (42) 647 (35) 
At/Above Threshold 9,112 (82) 6,276 (92) 703 (59) 1,218 (65) 
Sex     
Male 5,660 (51) 3,493 (51) 607 (51) 957 (51) 
Female 5,439 (49) 3,344 (49) 594 (50) 908 (49) 
Maternal Nativity     
U.S.-born 8,984 (81) 6,526 (96) 1,115 (93) 795 (43) 
Foreign-born 2,115 (19) 311 (5) 86 (7) 1,070 (57) 
Maternal Education     
Less than HS 1,148 (10) 283 (4) 169 (14) 561 (30) 
HS diploma or 
Vocational/Tech degree 

3,321 (30) 1,923 (28) 448 (37) 607 (33) 

Any college or higher 6,630 (59) 4,631 (68) 584 (49) 697 (37) 
Maternal Age, y 38 ± 6.3 38.6 ± 5.8 36.5 ± 8.1 36.4 ± 6.4 
Health Insurance     
Child Insured 9,242 (83) 5,794 (85) 953 (79) 1,462 (78) 
Child Uninsured 1,857 (17) 1,043 (15) 248 (21) 403 (22) 
BMI Percentile     
<85% (Lean/Normal) 7,253 (65) 4,687 (69) 720 (60) 1,080 (58) 
85 - 94.99% (Overweight) 1,749 (16) 1,040 (15) 204 (17) 314 (17) 
>95% (Obese) 2,097 (19) 1,110 (16) 277 (23) 471 (25) 
Birthweight     
<2500 g (Low) 769 (7) 371 (5) 163 (14) 138 (7) 
2500-3999 g (Normal) 9,011 (81) 5,503 (81) 965 (80) 1,535 (82) 
>4000 g (High) 1,319 (12) 963 (14) 73 (6) 192 (10) 
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Seven percent of the entire sample lived in a food-insecure household, with the 

range in prevalence from 4% in NHWs to 12% in Hispanics and 13% in NHBs. The 

prevalence of asthma in the total sample was 12% and ranged from 11% in NHW to 12% 

in Hispanics and 19% in NHBs. The sample had 18% who lived in households below the 

poverty threshold with ethnic group differences ranging as low as 8% of NHW to 42% 

NHB. Fifty-one percent of the sample was male. Foreign-born mothers accounted for 

19% of the overall sample, with foreign-born maternal nativity rates higher in Hispanics 

(57%) than in NHWs and NHBs (5% and 7%, respectively). Mothers with less than a 

high school education comprised 10% of the total but this group ranged from 30% of 

Hispanics to 14% of NHB and 4% NHW (Table 2.1). Besides race/ethnicity, asthma 

prevalence rates differed by food security, household poverty status, child’s BMI and 

birthweight. In NHWs, NHBs and Hispanics, asthma prevalence was higher in children 

living in food-insecure households. In NHWs and NHBs, asthma prevalence was higher 

in those living below poverty. In NHWs and Hispanics, but not NHBs, asthma prevalence 

was higher in the overweight and obese than the normal and in the low birthweight than 

the normal and high birthweights (Figure 2.1). Compared with children in food secure 

households, children in food-insecure households were more likely to be living below the 

poverty level, non-NHW, and have mothers born outside of the U.S. or of low 

educational level, more likely to be uninsured and were currently obese or born low 

birthweight (Table 2.2).   
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Figure 2.1: Prevalence of Asthma in 3rd Graders in the ECLS-K by Race/Ethnicity and 
Household Food Security, Poverty, Child BMI or Birthweight 

Asthma prevalence rates are presented by race/ethnicity and: household food 
security (Panel A); household poverty (Panel B); child BMI (Panel C); or birthweight 
(Panel D). Pearson's chi-square tests were computed with weighted data to test 
differences in prevalence rates of asthma between levels of the variables in Panels A-D 
within race/ethnic groups (NHW, NHB, Hispanic). Within race/ethnic groups, asthma 
prevalence rates varied by level of the variable in each panel, as denoted by asterisks: in 
Panel A, i.e. *Different from Food Secure; in Panel B, i.e. *Different from Below 
Poverty; in Panel C, i.e. *Different among Normal, Overweight and Obese; in Panel D, 
i.e. *Different among Low, Normal and High Birthweight. All differences were 
significant at the P<0.001 level. The unweighted sample size for Panels A-C was 6961 
NHW, 1284 NHB, 1953 Hispanic; for Panel D, there were 6837 NHW, 1201 NHB, 1865 
Hispanic. BW, birthweight; ECLS-K, Early Childhood Longitudinal Study-Kindergarten 
cohort; NHB, non-Hispanic Black; NHW, non-Hispanic White. 
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Table 2.2: Distribution of ECLS-K 3rd Graders by Household Food Security Status 

Food security was defined by <2 affirmative responses to the Household Food 
Security Survey Module. Values are unweighted n (%) or means ± SD; percentages may 
not sum to 100 due to rounding. P values are based on Pearson's chi-square tests for 
categorical variables and one-way ANOVA for continuous variables using weighted data. 
ECLS-K, Early Childhood Longitudinal Study-Kindergarten cohort; HS, high school; 
NHB, non-Hispanic Black; NHW, non-Hispanic White. 
 Food-Secure Food-

Insecure 
P 

Total N (%) 10,339 (93) 760 (7)  
Poverty   <0.001 
Below Threshold 1,555 (15) 432 (57)  
At/Above Threshold 8,784 (85) 328 (43)  
Race/Ethnicity   <0.001 
NHW 6,548 (63) 289 (38)  
NHB 1,048 (10) 153 (20)  
Hispanic 1,645 (16) 220 (29)  
Sex   <0.001 
Male 5,273 (51) 387 (51)  
Female 5,066 (49) 373 (49)  
Maternal Nativity   <0.001 
U.S.-born 8,449 (82) 535 (70)  
Foreign-born 1,890 (18) 225 (30)  
Maternal Education   <0.001 
Less than HS 932 (9) 216 (28)  
HS diploma or Vocational/Tech 
degree 

3,026 (29) 295 (39)  

Any college or higher 6,381 (62) 249 (33)  
Maternal Age, y 38 ± 6.3 36 ± 6.9 <0.001 
Health Insurance   <0.001 
Child Insured 8,637 (84) 605 (80)  
Child Uninsured 1,702 (17) 155 (20)  
BMI Percentile   <0.001 
<85% (Lean/Normal) 6,801 (66) 452 (60)  
85 - 94.99% (Overweight) 1,623 (16) 126 (17)  
>95% (Obese) 1,915 (19) 182 (24)  
Birthweight   <0.001 
<2500 g (Low) 680 (7) 89 (12)  
2500-3999 g (Normal) 8,418 (81) 593 (78)  
>4000 g (High) 1,241 (12) 78 (10)  
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In the adjusted logistic regression model for the entire sample (Table 2.3), the 

following was associated with a higher odds of asthma: living in poverty (OR 1.26 95% 

CI 1.25-1.28), a food-insecure household (OR 1.04 95% CI 1.02-1.06), or a food-insecure 

and poor household (OR 2.00 95% CI 1.97-2.03); being NHB (OR 1.53 95% CI 1.51-

1.54) or Hispanic (OR 1.20 95% CI 1.19-1.21); being male (OR 1.70 95% CI 1.69-1.71); 

maternal education at the level of high-school diploma or vocational/tech (OR 1.24 95% 

CI 1.23-1.26) or at any college or above (OR 1.33 95% CI 1.32-1.35); child being 

overweight (OR 1.38 95% CI 1.36-1.39) or obese (OR 1.67 95% CI 1.65-1.68); child 

being insured (OR 1.23 95% CI 1.21-1.24) and LBW of the child (OR 1.23 95% CI 1.21-

1.24). In contrast, a reduction in odds of asthma was seen with maternal nativity outside 

the U.S. (OR 0.52 95% CI 0.51-0.53), and child high birthweight (OR 0.84 95% CI 0.83-

0.85). Treating food security as a trichotomous variable in weighted, adjusted models 

without food security x poverty interaction terms did not alter the direction or strengths of 

these associations; notably, marginal food insecurity was associated with 34% higher 

odds of asthma (95% CI 1.33-1.36). Similarly when marginally food-insecure households 

were grouped with food-insecure households the OR for asthma was 1.36 (95% CI 1.35-

1.37) (data not shown). 
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Table  2.3: Adjusted Odds Ratios (95% CIs) of Asthma Diagnosis for All 3rd Graders 
and by Race/Ethnicity in the ECLS-K 

N for each category is for entire, unweighted sample. All logistic models were 
done using cross-sectional sample weights. Adjusted model included food security status, 
poverty status, food security x poverty interaction, race/ethnicity, sex, maternal nativity 
and education, child insurance coverage, and BMI and birthweight category; *p<0.05; 
**p<0.01, ***p<0.001. HS, high school; NHB, non-Hispanic Black; NHW, non-Hispanic 
White.  
 N All NHW NHB Hispanic 
Household 
Status 

     

Food-Secure, 
Not Poor 

9,003 Reference Reference Reference Reference 

Food-Secure, 
Poor 

1,673 1.26 (1.25-
1.28)*** 

1.45 (1.43-
1.47)*** 

1.16 (1.14-
1.18)*** 

1.34 (1.31-
1.37)*** 

Food-
Insecure, Not 
Poor 

338 1.04 (1.02-
1.06)*** 

1.21 (1.18-
1.24)*** 

0.56 (0.53-
0.58)*** 

1.35 (1.29-
1.41)*** 

Food-
Insecure, 
Poor 

466 2.00 (1.97-
2.03)*** 

1.80 (1.76-
1.85)*** 

1.77 (1.73-
1.82)*** 

2.32 (2.25-
2.38)*** 

Race/ 
Ethnicity 

     

NHW 6,961 Reference    
NHB 1,284 1.53 (1.51-

1.54)*** 
   

Hispanic 1,953 1.20 (1.19-
1.21)*** 

   

Sex      
Female 5,620 Reference Reference Reference Reference 
Male 5,860 1.70 (1.69-

1.71)*** 
1.74 (1.73-
1.76)*** 

1.73 (1.70-
1.75)*** 

1.75 (1.72-
1.78)*** 

Maternal 
Nativity 

     

U.S.-born 9,221 Reference Reference Reference Reference 
Foreign-born 2,259 0.52 (0.51-

0.53)*** 
0.80 (0.79-
0.82)*** 

0.48 (0.46-
0.50)*** 

0.46 (0.45-
0.47)*** 

Mother's 
Education 

     

Less than HS 1,247 Reference Reference Reference Reference 
HS diploma 
or 
Vocational/ 
Tech 

3,448 1.24 (1.23-
1.26)*** 

1.10 (1.08-
1.12)*** 

1.29 (1.26-
1.33)*** 

1.15 (1.12-
1.17)*** 
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Table 2.3, cont. 

 
BMI      
Normal 7,502 Reference Reference Reference Reference 
Overweight 1,813 1.38 (1.36-

1.39)*** 
1.59 (1.57-
1.61)*** 

0.97 (0.95-
0.99)** 

1.37 (1.33-
1.40)*** 

Obese 2,165 1.67 (1.65-
1.68)*** 

1.86 (1.84-
1.88)*** 

1.46 (1.43-
1.49)*** 

1.46 (1.44-
1.49)*** 

Health 
Insurance 

     

No 1,921 Reference Reference Reference Reference 
Yes 9,559 1.23 (1.21-

1.24)*** 
1.37 (1.34-
1.39)*** 

1.19 (1.16-
1.21)*** 

0.96 (0.94-
0.98)*** 

Birthweight      
Low (<2500 g) 769 1.23 (1.21-

1.24)*** 
1.37 (1.34-
1.39)*** 

1.17 (1.15-
1.20)*** 

1.08 (1.05-
1.12)*** 

Normal (2500-
3999 g) 

9,011 Reference Reference Reference Reference 

High (>4000 g) 1,319 0.84 (0.83-
0.85)*** 

0.79 (0.78-
0.80)*** 

1.34 (1.31-
1.38)*** 

0.69 (0.67-
0.71)*** 

 

Among Hispanics (in ethnic group-specific logistic models, Table 2.3), a 35% 

higher odds of asthma was associated with food insecurity, while poverty increased 

asthma by 34% (95% CI 1.29-1.41); and the odds more than doubled for Hispanics in 

food-insecure and poor households (OR 2.32 95% CI 2.25-2.38). Among NHBs, food 

insecurity was negatively associated with asthma (OR 0.56 95% CI 0.53-0.58) whereas 

food insecurity and poverty together were positively associated with asthma (OR 1.77 

95% CI 1.73-1.82). Among NHWs, food insecurity was positively associated with 

asthma (OR 1.21 95% CI 1.18-1.24), as was the combination of food insecurity and 

poverty (OR 1.80 95% CI 1.76-1.85). Male sex, any level of maternal education of high 

school degree or higher, child obesity and low birthweight increased the odds of asthma 

for NHW, NHB and Hispanic children, whereas maternal nativity outside the U.S. 

remained associated with reduced odds of asthma across all race/ethnicity groups (Table 
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2.3). Overweight increased the odds of asthma in NHWs by 59% (95% CI 1.57-1.61) and 

in Hispanics by 37% (95% CI 1.33-1.40), but the relationship was inverted in NHBs (OR 

0.97 95% CI 0.95-0.99). Being insured was associated with increased odds of asthma by 

37% (95% CI 1.34-1.39) in NHWs and by 19% (95% CI 1.16-1.21) in NHBs, but with 

decreased odds by 4% (95% CI 0.94-0.98) in Hispanics. High birthweight was associated 

with increased odds of asthma in NHBs (OR 1.34 95% CI 1.31-1.38), but decreased odds 

of asthma in NHWs (OR 0.79 95% CI 0.78-0.80) and Hispanics (OR 0.69 95% CI 0.67-

0.71) (Table 3). Using a trichotomous classification of food security or grouping 

marginally food-secure households with food-insecure households in the stratified 

models did not change the findings (data not shown). When poverty status was replaced 

by household income in a supplemental logit model without a food insecurity x income 

interaction term, compared with the referent household income of $50,001 or more/yr, an 

increased odds of asthma was associated with an income of $15,000 or less/yr (OR 1.47 

95% CI 1.46-1.49), and an income of $15,001-$50,000/yr (OR 1.02 95% CI 1.01-1.03). 

Other associations with asthma were of identical direction and similar significance as 

those in Table 2.3 (data not shown). 

DISCUSSION 

Among 3rd-grade children of the ECLS-K cohort, the overall unweighted 

prevalence rates of food insecurity (7%) and of asthma (12%) were comparable to 

national rates in 2002, the same year of the study (40, 182). Rates of both conditions were 

higher in race/ethnic minorities in the ECLS-K, with rates of asthma diagnosis highest in 

NHBs and boys of all ethnic groups, mirroring national trends (116, 162). The key 

findings were the positive associations between food insecurity alone and the interaction 

of food insecurity with poverty and the odds of asthma after adjustment for covariates in 
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the overall sample. In ethnic group-specific models, the relationship between food 

insecurity and asthma remained and was stronger in Hispanics than in NHWs, but was 

reversed in NHB children. The positive association between food insecurity and asthma 

was stronger in those living in poor households vs. households at or above the poverty 

line, and this interaction was strongest in Hispanics compared with NHWs and NHBs.  

For the first time, we demonstrate that household food insecurity is associated 

with the higher odds of asthma in school-aged children. Moreover, these results were 

examined in a large, diverse cohort of American children using the validated HFSSM 

(25). In a Brazilian study of 1,307 children aged 6-12 attending public elementary 

schools, odds of asthma were positively associated with food insecurity in a dose-

response manner independent of age, sex, weight, and tobacco exposure (176). The ethnic 

group differences seen here in the magnitude and direction of the association between 

food insecurity and asthma can be understood within the framework of a life course 

model of health disparities, where biosocial factors interact to shape health and disease 

outcomes within individual lifetimes and across generations (183). Exposure to poverty 

emerged as a significant contributor to earlier age at menarche in NHWs, but not in 

NHBs, in a nationally representative birth cohort. Likewise, food insecurity may be a 

marker for socio-environmental exposures to stress in some, but not all, race/ethnic 

groups (184). 

Just as compelling is the finding that food insecurity is more strongly associated 

with the odds of asthma in those children living in households below the poverty level. 

Poverty is associated both with adverse health in children and with food insecurity, and 

has lasting effects even when SES improves later in life (60, 185). Studies have shown 

that exposure to hunger is associated with an ever-diagnosis of asthma in adolescent 

youth (69, 138). The combination of poverty and food insecurity may increase risk of 
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hunger and insufficient nutrition for children and adults in a household. Although 

development of asthma is complex, it may involve parental reactions to stress related to 

poor nutrition and lack of resources as is seen in poverty and food insecurity, and these 

processes may vary across race/ethnic groups (138, 186).   

Overweight and obesity were associated with higher odds of asthma in the overall 

and ethnic-stratified sample, with the exception of lower odds of asthma being associated 

with overweight in NHBs. The overall patterns of these findings are in line with evidence 

from a recent meta-analysis; the association between obesity and asthma symptoms may 

be mutually reinforcing (133, 134). Further research is warranted on mechanisms that 

underlie the relationship between weight and asthma; care should be taken to apply 

methods that will disentangle cause and effect relationships and identify possible 

mediating factors, especially in minority children.  

The finding that children of mothers born outside of the U.S. had a lower odds of 

asthma than offspring of U.S.-born mothers is largely consistent with previous 

observations (187-189). Maternal nativity could be a marker for exclusive breastfeeding 

of an infant or lower levels of exposure to environmental tobacco smoke, both of which 

are protective against asthma (189-191). 

The positive associations between levels of maternal education past high school 

and having health insurance with odds of asthma are counter-intuitive. Higher education 

usually goes hand-in-hand with higher income and access to resources, while the 

uninsured typically have worse health and more hospitalizations (94, 185). However, 

mothers with more education may be more aware of signs of asthma in a child, prompting 

a doctor visit for a diagnosis, and better able to navigate health-care infrastructure. 

Access to clinical care due to being insured may be driving a detection bias for asthma. 
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The slight decrease in odds of asthma for insured Hispanic children could reflect lack of 

health care use by different sub-groups of Hispanics (192).  

LBW is an established risk factor for childhood asthma, and was associated with 

elevated odds of asthma in all analyses (173, 193). High birthweight was protective 

against asthma in NHWs and Hispanics, but associated with raised odds of asthma in 

NHBs. Historically, NHBs have the highest rates of LBW in the U.S. (194). Maternal 

pre-pregnancy obesity has also been linked to a diagnosis of asthma in offspring (195). 

Heavier NHB mothers may bear heavier children, and if the birthweight distribution 

shifts to the left, any advantages that higher birthweight might confer upon non-NHB 

children may not extend to NHBs at the higher end of the distribution. 

This study has both limitations and strengths. There is always potential for 

misclassification of child health status with parent-reported data. Certain prenatal and 

environmental exposures that have previously been associated with the odds of asthma 

were not collected in this study (175, 195-197). For example, cigarette smoking is 

associated with both food insecurity and asthma, but data on exposure to parental smoke 

were not collected (196, 198). Cross-sectional analyses reveal associations, but do not 

assess causality. Findings from studies of food insecurity and health outcomes suggest 

that household food insecurity may contribute to disease onset, however it is possible 

asthma or another disease preceded exposure to food insecurity (25, 45, 76, 135). Further, 

reported food insecurity for the 12 months prior to the spring of 3rd grade inevitably 

raises the questions of the effects of lifetime frequency and severity of food insecurity on 

chronic disease risk. In a longitudinal analysis of the ECLS-K cohort, one-third of 

households experienced food insecurity at some point, and risk was heightened in ethnic 

minorities and low-income households (63). Despite the fact that persistent food 

insecurity is relatively uncommon, it is unclear how the length of an exposure may tip the 
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scale in terms of vulnerability to asthma (25, 55). Residual confounding in analyses due 

to variables like smoking or SES associated with food insecurity and asthma is another 

considerable limitation. Additionally, exclusion of cases due to missing data may have 

contributed to selection bias in results. 

Strengths of this analysis include internal and external construct validity in the 

sample. The internal validity of the data was checked using parent-reported birthweight 

against the offspring's prematurity (199). External validity of the birthweight and 

anthropometric data was confirmed using national data (180, 200, 201). Higher rates of 

poverty among children living in food-insecure households, as compared to those in 

food-secure households, is expected given national trends and is evident in this sample 

(162). Ethnic diversity, assessment of childhood asthma diagnosis, and use of the 

HFSSM are advantages of the ECLS-K that make it well suited to study the association 

between food insecurity and asthma in children. The large sample size also enabled the 

exclusion of cases with missing/incomplete information with little reduction of power, 

and no change in the percentages of children classified as food-insecure, asthmatic, or 

living under the poverty level.  

The novel findings of this analysis are that food insecurity is positively associated 

with odds of asthma in ECLS-K third-graders, and the strength of association is increased 

in children living in poverty. In 2012, 22% of American children lived in poverty, and 

similar percentages were exposed to food insecurity at the household level (185, 202). 

Both poverty and food insecurity are associated with deleterious outcomes for children, 

are urgent public health priorities, and affect non-NHW minorities in higher numbers 

(185). As this research underscores, the approach to food insecurity must be a 

comprehensive one, accounting for other household and sociodemographic factors, and 



 55 

may work best in conjunction with poverty alleviation measures tailored to specific race-

ethnic groups and focused on covariates like maternal nativity. 
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Chapter 3: Number of Years of Exposure to Food Insecurity is 
Positively Associated with Asthma in U.S. School-Aged Children 

Food insecurity, defined as limited or uncertain availability of nutritionally 

adequate food or an inability to reliably acquire it, is a serious concern for U.S. children 

(1). When poverty and other related factors are controlled, children in food-insecure 

households are more likely than the food-secure to suffer physiological and psychological 

problems (203). Rates of food insecurity in households with children remain higher, at 

16.6%, than the national average of 12.7% in 2015 (1). Indeed, the American Academy 

of Pediatrics (AAP) guidelines urge screening patients for food insecurity with 

implications for policies that facilitate access to nutrition assistance programs (204).  

Among the health problems associated with food insecurity, we have reported that 

food insecurity is positively associated with the odds of asthma, the most common 

chronic childhood disease, in third-graders in a cross-sectional analysis; our findings 

were in accord with another cross-sectional study (176, 205). The association between 

food insecurity and asthma, however, lacks directionality to determine which came first. 

Childhood obesity is directly related to asthma (206). The prevalence rates of 

obesity and asthma have been on the rise in children for decades (207, 208). Obesity 

prevalence tripled in children aged 2-19 between 1976-1980 and 2007-2008, and asthma 

prevalence in children aged 0-18 doubled between 1980 and 1995 (209, 210). Evidence 

points to childhood obesity, therefore, as a prominent risk factor for asthma, though the 

exact mechanism remains unknown. Yet, in children, evidence of a positive association 

between food insecurity and obesity is unclear; research points to individual- and family-

level factors that may mediate observed associations (12, 144, 211-215). 

 Recognizing the strong obesity-asthma connection and the more elusive, but 

complex, relationship between food insecurity and obesity, the question arises whether 
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exposure to a number of episodes of food insecurity across mid- to late childhood would 

be associated with asthma in U.S. children. This question gains credence from a Canadian 

study of children and youth, in which experiencing 2 or more episodes of hunger from 

ages 6-11 more than doubled the odds of asthma in adolescents aged 16-21, but food 

insecurity was not measured in the study (69). The objective, therefore, was to go beyond 

the cross-sectional association and determine the association between number of episodes 

of food insecurity from kindergarten through eighth grade and the odds of asthma in the 

prospective Early Childhood Longitudinal Study-Kindergarten cohort (ECLS-K) study, 

taking into account covariates like obesity. 

METHODS 

Subjects 

The ECLS-K prospectively followed a cohort of kindergarteners in U.S. schools 

in the fall of 1998 through the spring of eighth grade in 2007. The study had a dual-

frame, multi-stage probability cluster sampling design with 7 waves of data collection 

from 1998 through 2007 (115). Whereas the ECLS-K cohort was initially representative 

of all U.S. kindergarteners, the cohort represented 80% of U.S. eighth graders in 2006-7 

(115). Since data of interest were not collected across all waves, we focused on parent-

reported data from 4 time points, i.e. the spring of kindergarten (1999), and the spring of 

third (2002), fifth (2004) and eighth (2007) grades, using the public-use data set.  

The original cohort of 20,578 kindergarteners in the spring of 1999 dropped to 

9,725 by the spring of eighth grade (2007) due to attrition and changes in study eligibility 

(115). If twins were sampled, only one twin was randomly selected and eligible, to 

exclude duplicate household data. Children were excluded with missing or incomplete 

data at any of the abovementioned 4 time points on: household food security, poverty, 
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asthma diagnosis, health insurance coverage, maternal education, parental depression, 

sex, race/ethnicity, birthweight, or maternal nativity (n=2,793). Those with complete data 

on the above measures but missing height and/or weight in the spring of kindergarten, 

third, fifth or eighth grades were treated as described below to retain sample size; 

ultimately, 151 children were excluded with missing body mass index (BMI) values. The 

final unweighted sample for the analysis was 6,781. All procedures involving data from 

human subjects were approved by the IRB at the University of Texas at Austin. 

Measures 

Food Insecurity 

Food insecurity was measured using the validated USDA 18-item Household 

Food Security Survey Module (HFSSM) as described previously (205). The HFSSM was 

administered by telephone to the parent to assess household food security status over the 

previous 12 months. By affirming 3 or more items, the parent essentially indicated 

whether there was food insecurity in the child's household at some time during the past 

year. Thus, households were classified as food-secure if <2 of the 18 questions were 

affirmed, and otherwise food-insecure (216). In the presence of consistent food-secure 

status across the 4 waves (spring of kindergarten, third, fifth and eighth grades), children 

were classified as "food-secure," otherwise children were categorized based on the 

number of years of food insecurity across the waves (19, 63). 

Asthma Diagnosis 

Asthma was assessed by a yes/no response to a single national survey/surveillance 

question, asking whether the parent had ever been told by a healthcare professional that 

the child had asthma, at three of the four waves (spring of third, fifth and eighth grades) 
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(166). If an affirmative answer was ever reported at any wave, the child was classified as 

ever-diagnosed with asthma; otherwise the classification was never-diagnosed.   

Covariates 

Sociodemographic and anthropometric characteristics related to household food 

insecurity and asthma included: household poverty; child race/ethnicity, sex, health 

insurance coverage, BMI and birthweight; maternal nativity and education; and parental 

depression. If a child ever lived in a household that was below the poverty threshold, s/he 

was categorized as ever poor; otherwise, never poor (63). Child race/ethnicity and sex 

were parent-reported in kindergarten. Race/ethnicity was classified as non-Hispanic 

White (NHW), non-Hispanic Black (NHB), Hispanic (of any race), or Asian/Other; sex 

as male or female. 

For maternal nativity, if any country of origin other than the U.S. was ever 

reported, nativity was classified as "foreign"; otherwise, a mother was classified as "U.S.-

born." Maternal education used the highest level of education and was categorized as: 1) 

less than a high school diploma; 2) a high school diploma or a vocational/technical school 

degree; or 3) some college or above. 

Parental depression was determined by responses to the 12-item Center for 

Epidemiologic Studies Depression Scale (CES-D) in the questionnaire from the spring of 

kindergarten, third and eighth grades and scored as described previously (217). The child 

was classified as ever or never having a depressed parent, with over 90% of respondents 

being the mothers.  Children were categorized as ever or never uninsured according to 

parent-reported child health insurance at each wave. 

The average of two measurements for height using the Shorr Board (Olney, MD) 

and weight using a digital bathroom scale at each wave was used in analyses (115). We 
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previously described exclusion criteria and data cleaning for anthropometrics (205). At 

each wave, a BMI percentile was calculated from a child's mean height and weight using 

the Centers for Disease Control and Prevention age- and sex-specific referent data, and 

classified as lean/normal (<85th percentile), overweight (85th-94th percentile) or obese 

(>95th percentile) (181). If at any time a child was classified as overweight or obese, s/he 

remained in that group. Otherwise, children were classified as never overweight/obese, 

including those missing 1 wave but of normal BMI at the other 3 waves. Birthweight in 

grams was classified as low birthweight (LBW) (<2500 g), normal (2500-3999 g), or 

high (HBW) (>4000 g) (205). 

Analyses 

We generated frequencies for food security, asthma, sociodemographic and 

anthropometric variables in the entire sample for each wave. We conducted bivariate 

analyses using Pearson’s χ2 statistic to assess differences between children never vs. ever 

diagnosed with asthma by sociodemographic and anthropometric variables. The Cochran-

Mantel-Haenszel statistic was used to assess differences in asthma, demographics and 

anthropometrics by number of years of food insecurity. We generated crude and adjusted 

odds ratios (OR) with 95% confidence intervals (95% CI) for an ever-diagnosis of asthma 

by number of years of food insecurity using multiple logistic regression models adjusting 

for the aforementioned covariates. Bivariate analyses and logistic models were weighted 

using the longitudinal sample weights supplied with the data set. The level of significance 

for all statistical tests was a P value of <0.05. 
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RESULTS 

Prevalence rates of household food insecurity ranged from 5.8% (in 2002) to 

7.5% (in 2004) (Table 3.1). The percentage of children ever diagnosed with asthma 

climbed from 10.9% in 2002 to 14.4% in 2007. 

 

Table 3.1: Percentage Food-Insecure, Having an Asthma Diagnosis and Other Covariates 
by Wave Year (Grade)-- the ECLS-K 

Unweighted N for sample statistics is 6,781. Missing data: maternal education 
(0.5% in 1999, 1.0% in 2002, 1.2% in 2004 and 1.3% in 2007), BMI (3.7% in 2002, 4.0% 
in 2004, and 8.1% in 2007), parental depression (0.4% in 1999, 0.4% in 2002, 0.3% in 
2007). ECLS-K, Early Childhood Longitudinal Study-Kindergarten cohort; K, 
kindergarten, N/C, not collected; HS, high school. 

 
 1999 (K) 2002 (3rd) 2004 (5th) 2007 (8th) 
Household Food Security     
  Food-Insecure   7.1%   5.8%   7.5%   7.4% 
Asthma     
  Yes N/C 10.9% 13.0% 14.4% 
Household Poverty     
  Poor 13.6% 13.9% 13.4% 12.4% 
Maternal Education     
  Less than HS   9.3%   8.0%   7.4%   7.1% 
  HS Diploma or Vocational/Tech 31.5% 27.6% 27.0% 26.3% 
  Some college or above 58.6% 63.4% 64.4% 65.3% 
Parental Depression     
  Parent Depressed 15.0% 12.3% N/C 12.8% 
Health Insurance     
  Yes 93.1% 96.0% 97.8% 98.1% 
BMI     
  Normal/Lean 73.6% 63.7% 60.0% 60.4% 
  Overweight/Obese 26.4% 32.6% 36.0% 31.4% 

 

The prevalence of household poverty was 13.6% in 1999, peaked at 13.9% in 2002, and 

declined to 12.4% in 2007. Most mothers were U.S.-born; at each wave, over half 

reported an education level of some college or higher. Fifteen percent of parents reported 



 62 

depression in 1999; that declined to 12.3% in 2002 and rose slightly to 12.8% in 2007. 

The percentage of uninsured children dropped from 6.9% in 1999 to 1.9% in 2007. The 

prevalence of overweight/obesity was 26.4% in 1999, climbing to 36.0% in 2004 and 

falling to 31.4% in 2007. In 1999, the cohort was 67.7% NHW, 7.6% NHB, 15.8% 

Hispanic and 8.9% Asian/Other and 51% male; these proportions did not vary over time 

(data not shown). Most children were normal birthweight, with 6.3% LBW and 13.0% 

HBW (data not shown). 

Compared with a never-diagnosis, an ever-diagnosis of asthma was associated 

with: any food insecurity; household poverty; NHB or Asian/Other race/ethnicity; male 

sex; a U.S.-born mother; maternal education at the high school or vocational/tech level or 

some college or above; a parent ever depressed; being insured or overweight/obese; and 

LBW (Table 3.2). 
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Table 3.2: N (%) of Episodes of Food Insecurity, Demographic and Anthropometric 
Characteristics by Asthma Diagnosis-- the ECLS-K  

N (%) for 1 of 2 categories are presented for dichotomous variables. Different 
symbols denote significant within-group difference by asthma diagnosis (weighted 
Pearson’s χ2 statistic, p<0.0001). Values are unweighted n (%); percentages may not sum 
to 100 due to rounding. ECLS-K, Early Childhood Longitudinal Study-Kindergarten 
cohort; NHW, non-Hispanic White; NHB, non-Hispanic Black; HS, high school; OW, 
overweight; OB, obese. 

 
 Never Diagnosed 

(n=5529) 
Ever Diagnosed 

(n=1252) 

Household Food Security   
  Food-Secure 4,675 (85)† 1002 (80)‡ 

  Once Food-Insecure 503 (9)† 119 (10)‡ 
  Twice Food-Insecure 172 (3)† 71 (6)‡ 
  Thrice Food-Insecure 137 (2)† 45 (4)‡ 
  Always Food-Insecure 42 (1)†  15 (1)‡ 
Household Ever Poor (vs. Never) 1,214 (22)† 330 (26)‡ 
Race/Ethnicity   
  NHW 3,780 (68)† 811 (65)‡ 
  NHB 384 (7)† 131 (11)‡ 
  Hispanic 883 (16)† 189 (15)‡ 
  Asian/Other 482 (9)† 121 (10)‡ 
Male Sex (vs. Female) 2,715 (49)† 745 (60)‡ 
U.S. Maternal Nativity (vs. Foreign-
born) 

 
4,546 (82)† 

 
1,080 (86)‡ 

Highest Maternal Education   
  Less than HS 375 (7)† 88 (7)‡ 
  HS diploma or Vocational/Tech       
degree 

1,456 (26)† 333 (27)‡ 

  Some college or above 3,698 (67)† 831 (66)‡ 
Parent Ever Depressed (vs. Never) 1,539 (28)† 457 (37)‡ 
Health Insurance: Ever (vs. Never) 
Uninsured 

 
652 (12)† 

 
118 (9)‡ 

BMI   
  Ever OW/OB (vs. Lean/Normal) 2,603 (47)† 680 (54)‡ 
Birthweight   
  <2500 g (Low) 315 (6)† 109 (9)‡ 
  2500-3999 g (Normal) 4,482 (81)† 995 (80)‡ 
  >4000 g (High) 732 (13)† 148 (12)‡ 
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In Table 3.3, compared to the food-secure, those with any year(s) of food 

insecurity were more likely to be: ever-diagnosed with asthma; poor; NHB, Hispanic or 

Asian/Other; or born low birthweight. Parental characteristics associated with any year(s) 

of food insecurity were: foreign-born maternal nativity; maternal education of either 

below high school or a high-school diploma/vocational or technical degree; and 

depression. Those children with any year(s) of food insecurity were also more likely than 

the food-secure to have ever been uninsured or overweight/obese. 
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Table 3.3: N (%) of Asthma, Demographic and Anthropometric Statistics by Years of 
Food Insecurity -- the ECLS-K Study 

Different symbols denote significant within-group difference by episodes of food 
insecurity compared to food-secure referent group (weighted Cochran-Mantel-Haenszel 
statistic, p<0.0001). Values are unweighted n (%); percentages may not sum to 100 due 
to rounding. ECLS-K, Early Childhood Longitudinal Study-Kindergarten cohort; HS, 
high school; NHB, non-Hispanic Black; NHW, non-Hispanic White; OB, obese; OW, 
overweight. 

 
 Food-Secure (n=5677) Once FIS 

(n=622) 
Twice FIS 
(n=243) 

Thrice FIS 
(n=182) 

Always FIS 
(n=57) 

Asthma      
Ever Diagnosed 1,002 (18) 119 (19)† 71 (29)‡ 45 (25)§ 15 (26)¶ 

Household Poverty      
Ever Poor 835 (15) 348 (56)† 174 (72)‡ 138 (76)§ 49 (86)¶ 

Race/Ethnicity      
NHW 4,111 (72) 279 (45)† 104 (43)‡ 76 (42)§ 21 (37)¶ 
NHB 359 (6) 81 (13)† 34 (14)‡ 31 (17)§ 10 (18)¶ 

Hispanic 737 (13) 187 (30)† 74 (31)‡ 55 (30)§ 19 (33)¶ 
Asian/Other 470 (8) 75 (12)† 31 (13)‡ 20 (11)§ 7 (12)¶ 

Sex      
Female 2,767 (49) 315 (51) 114 (47) 90 (50) 35 (61) 

Maternal Nativity      
Foreign-born 837 (15) 178 (29)† 71 (29)‡ 51 (28)§ 18 (32)¶ 

Highest Maternal 
Education 

     

Less than HS 237 (4) 100 (16)† 62 (26)‡ 44 (24)§ 20 (35)¶ 
HS diploma or 

Vocational/Tech 
degree 

 
1,379 (24) 

 
224 (36)† 

 
90 (37)‡ 

 
75 (41)§ 

 
21 (37)¶ 

Some college or 
above 

4,061 (72) 298 (48)† 91 (37)‡ 63 (35)§ 16 (28)¶ 

Parental Depression      
Ever Depressed 1,347 (24) 316 (51)† 153 (63)‡ 133 (73)§ 47 (83)¶ 

Health Insurance      
Ever Uninsured 520 (9) 125 (20)† 64 (26)‡ 44 (24)§ 17 (30)¶ 

BMI      
Ever OW/OB 2,646 (47) 344 (55)† 152 (63)‡ 110 (60)§ 31 (54)¶ 
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Table 3.3, cont. 

 
Birthweight      

<2500 g 
(Low) 

321 (6) 53 (9)† 21 (9)‡ 25 (14)§ 4 (7)¶ 

2500-3999 g 
(Normal) 

4,602 (81) 505 (81)† 186 (77)‡ 134 (74)§ 50 (88)¶ 

>4000 g 
(High) 

754 (13) 64 (11)† 36 (15)‡ 23 (13)§ 3 (5)¶ 

 

In the adjusted logistic regression model, compared with the food-secure, those 

with 2 years of food insecurity had the highest odds of asthma (OR 1.82 [95% CI, 1.80 to 

1.85]) (Table 3.4). Compared to the food-secure, those who had one year of food 

insecurity had a 16% higher odds of asthma (OR 1.16 [95% CI, 1.15 to 1.17]); three years 

of food insecurity had a 39% higher odds (OR 1.39 [95% CI, 1.37 to 1.41]); and food 

insecurity at every wave had a 14% higher odds (OR 1.14 [95% CI, 1.10 to 1.17]). Being 

NHB or Asian/Other was associated with increased odds of asthma, while Hispanics had 

a reduced odds compared to NHWs. Male sex, having a mother with education beyond 

high school or a depressed parent, ever overweight/obese, and LBW were associated with 

increased odds of asthma. Ever being poor, having a foreign-born mother, ever being 

uninsured, and HBW were associated with lowered odds of asthma. 
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Table 3.4: Odds Ratios (95% Confidence Intervals) of Ever Diagnosis of Asthma by 
Years of Food Insecurity and Covariates -- the ECLS-K Study 

Model was weighted using longitudinal sample weights and included poverty 
status, race/ethnicity, sex, maternal nativity and highest education obtained, child 
exposure to no health insurance coverage, exposure to overweight/obesity, exposure to 
parental depression, and birth weight category; *p<0.05; **p<0.01, ***p<0.001. ECLS-
K, Early Childhood Longitudinal Study-Kindergarten cohort; HS, high school; NHB, 
non-Hispanic Black; NHW, non-Hispanic White; OB, obese; OW, overweight. 

 
 All (n=6781) 

Food Security Status  
Food-Secure Reference 

Once Food-Insecure 1.16 (1.15-1.17)*** 
Twice Food-Insecure 1.82 (1.80-1.85)*** 
Thrice Food-Insecure 1.39 (1.37-1.41)*** 

Always Food-Insecure 1.14 (1.10-1.17)*** 
Household Poverty  

Never Poor Reference 
Ever Poor 0.92 (0.92-0.93)*** 

Race/Ethnicity  
NHW Reference 
NHB 1.39 (1.38-1.40)*** 

Hispanic 0.99 (0.98-1.00)* 
Asian/Other 1.60 (1.57-1.61)*** 

Sex  
Female Reference 

Male 1.48 (1.48-1.49)*** 
Maternal Nativity  

U.S.-born Reference 
Foreign-born 0.58 (0.57-0.59)*** 

Highest Maternal Education  
Less than HS Reference 

HS diploma or Vocational/Tech 1.14 (1.13-1.15)*** 
Some college or above 1.24 (1.22-1.25)*** 

Parental Depression  
Never Depressed  Reference 

Ever Depressed 1.40 (1.39-1.41)*** 
Health Insurance  

Insured Reference 
Ever Uninsured 0.74 (0.73-0.74)*** 
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Table 3.4, cont. 

 
BMI  

Lean/Normal Reference 
Ever OW/OB 1.53 (1.52-1.54)*** 

Birthweight  
Low (<2500 g) 1.43 (1.41-1.44)*** 

Normal (2500-3999 g) Reference 
High (>4000 g) 0.89 (0.88-0.89)*** 

 

DISCUSSION 

In a longitudinal cohort study, any number of years of food insecurity from 

kindergarten to eighth grade compared with consistently being food-secure was 

associated with increased risk of asthma, after controlling for covariates. The highest risk 

of asthma was associated with 2 years of food insecurity, followed by 3 years, then 1 or 4 

years. Only one year and four years of exposure to food insecurity had adjusted ORs with 

95% confidence intervals that overlapped. Thus, repeated but not necessarily successive 

exposures to food insecurity were more damaging in terms of asthma risk than more 

persistent food insecurity. The results parallel findings from a Canadian cohort study that 

found that 2 or more episodes of hunger raise the risk of asthma for adolescents aged 16-

21 and seem to indicate that food insecurity, albeit less "extreme" than hunger, should not 

be underestimated as a risk to the health of school-aged children (69).  

Research on exposure to stress and household instability offers possible 

explanations for the lack of a dose-response relationship between exposure to food 

insecurity and asthma. Intermittent exposures to food insecurity (e.g. 2 exposures 

between kindergarten and eighth grade) could constitute unpredictable stress for families 

that is more devastating than chronic exposure (218). Occasional exposure to food 
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insecurity may have deleterious effects on routine or structure and exacerbate suboptimal 

living conditions during child development (219-221). Any exposure to food insecurity 

was associated with ever being poor, and in turn, exposure to poverty was associated with 

slightly reduced odds of asthma. This may indicate that families living in poverty cope by 

enrolling in assistance programs such as Supplemental Nutrition Assistance Program or 

developing social support networks, buffering some early life exposures; these coping 

strategies could also serve families exposed to chronic food insecurity (222). In contrast, 

families transitioning in and out of food insecurity may not be as likely to access such 

resources (223). 

Consistent with the literature, NHB race/ethnicity was positively associated with 

asthma (210). Hispanic race/ethnicity was associated with marginally lowered odds of 

asthma. This borderline null finding may in part be due to the heterogeneity of Hispanic 

groups in terms of national origin, which has some bearing on asthma risk (210). Lastly, 

Asian/Other race/ethnicity was associated with increased odds of asthma. This group was 

also heterogeneous and has children of Asian, Native American and Pacific Islander 

descent, making these results difficult to interpret.   

Male sex was positively associated with asthma in all models; this is consistent 

with our previous findings in the ECLS-K and national data on asthma in children (205). 

Having a mother born outside the U.S. was associated with lowered odds of asthma, 

whereas any maternal education beyond high school was associated with increased odds 

of asthma; these findings are both congruent with our previous research (205). 

Exposure to parental depression increased the odds of asthma. Cumulative 

exposure to maternal depression, vs. minimal or no exposure, was associated with nearly 

triple the odds of asthma in Australian offspring, independent of genetic and 

environmental risks (206). Parental depression may influence development of asthma via 



 70 

dysregulation of the hypothalamic-pituitary-adrenal axis; the association is likely 

mediated by both sociobiological and behavioral pathways (206, 217, 224, 225). To our 

knowledge, no prior U.S. study has reported the relationship between parental depression 

and asthma in offspring. The association between ever being uninsured and lowered odds 

of asthma likely reflects a detection bias in those children that were insured and had 

access to healthcare and physician visits (205). In line with prior research, ever being 

overweight or obese between kindergarten and eighth grade had a positive association 

with asthma in all models (133, 134). LBW was associated with increased odds of 

asthma; HBW was associated with decreased odds, consistent with prior research (173, 

205).  

Chief among the strengths of this analysis is the examination of multiple waves of 

the ECLS-K, a diverse national sample of school-aged children, providing repeated 

measures of food insecurity exposure, and the use of the HFSSM and a validated short-

form of the CES-D (205). In addition, we established internal and external validity by 

reporting recognized associations between known risk factors and asthma. Limitations 

include: no data collection to control for family history of asthma or environmental 

exposures associated with asthma, such as maternal smoking or child exposure to air 

pollutants, as these data were not collected in the ECLS-K (115, 226); a study design that 

does not allow for directionality to be determined between exposure to household food 

insecurity and asthma diagnosis; and lack of assessment of consecutive calendar years of 

exposure to household food insecurity as a measure of duration of exposure.  

To our knowledge, this is the first study exploring the relationship between 

multiple exposures to food insecurity and childhood asthma. Asthma onset during the 

school-age years increases chances of chronic disease persistence into adulthood; 

therefore, identification of early-life exposures associated with asthma may enable earlier 
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detection and treatment of asthma in high-risk populations (226, 227). One or more years 

of exposure to food insecurity in school-aged children was a risk factor for asthma; the 

highest risk of childhood asthma appeared with 2 years of exposure to food insecurity at 

any time between kindergarten and eighth grade. More definitive research is needed to 

confirm the exploratory findings of these analyses. Follow-up investigations may also 

elucidate why less persistent food insecurity confers higher odds of asthma than more 

frequent occurrence, and pinpoint critical periods of vulnerability to exposures within 

early childhood. The AAP guidelines urge screening for and identification of food 

insecurity that could lead parents to assistance programs, possibly reducing health 

disparities in asthma. Additional screening for parental risk factors such as depression 

may help fine-tune screening and assistance programs for families with children at high 

risk for poor health outcomes.  
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Chapter 4: Number of Years of Exposure to Food Insecurity in 
Childhood Directly Impacts Risk of Overweight/Obesity by 8th Grade 

The prevalence of childhood overweight and obesity in the United States 

increased at a staggering rate over the last four decades, nearly tripling from 11% to 32% 

in children aged 2-19 between 1988-94 and 2007-2008 (209, 228). Although the rate of 

increase has slowed, overweight and obesity remain a major public health concern for 

school-aged children, because of the risk of associated comorbidities and of remaining 

overweight/obese later in life (229-231). Likewise, food insecurity (FIS), defined as 

limited access or availability to nutritionally adequate food, has become a significant 

threat to U.S. children. Over sixteen percent of U.S. households with children reported 

household FIS in 2015 compared to the national average of 12.7% (1). 

Initially labeled a "paradox," the relationship between FIS and obesity is now 

better understood, due to investigations into shared socioeconomic and environmental 

determinants such as poverty (76, 77, 232). In children, evidence of a positive association 

between FIS and obesity is inconsistent; complicating the picture are confounders such as 

race/ethnicity, poverty, parental factors and the paucity of longitudinal analyses of 

exposure to FIS (144, 145, 233). 

Similar to the findings from other childhood studies, previous investigations in the 

Early Childhood Longitudinal Study-Kindergarten cohort (ECLS-K), a study of U.S. 

kindergarteners followed through eighth grade, have revealed conflicting associations 

between FIS and overweight/obesity. In a cross-sectional analysis at baseline/in 

kindergarten, no significant association appeared between food security status and 

overweight, underweight, or height-for-age (36). In contrast, a cross-sectional analysis 

from the second wave in spring of kindergarten revealed food-insecure children had 

lower odds ratios for overweight than the food-secure (82). In an analysis of two waves 
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of the ECLS-K, girls, but not boys, that were food-insecure in kindergarten gained more 

weight and had higher BMIs in the third grade (68). However, another study using two 

waves of data found an inverse association between FIS in both spring of kindergarten 

and third grade and BMI in third grade (82). Finally, others have reported that food 

security is not a significant predictor of child BMI in fifth grade in the ECLS-K (159). 

These studies did not account for exposure to FIS across waves, nor analyze data on a 

stable cohort across early and mid-childhood years, or, in one case, use study sampling 

weights, leaving questions about the role of FIS in childhood obesity without clear 

answers.   

Given the persistent high prevalence of FIS and childhood overweight/obesity, the 

objective of this analysis is to examine the relationship between the number of years of 

exposure to FIS between kindergarten and eighth grade and risk of overweight/obesity in 

the ECLS-K by sex, controlling for covariates. Clarification of the role of food insecurity 

in childhood overweight/obesity will have implications for the policy recommendation by 

The American Academy of Pediatrics to screen for FIS and move the policy into 

childhood obesity prevention practice. 

METHODS 

Subjects 

The ECLS-K had a dual-frame, multi-stage probability cluster sampling design 

with 7 waves of data collection from 1998 through 2007 (115). Initially representative of 

all U.S. kindergarteners, the ECLS-K represented 80% of U.S. eighth graders in 2006-7 

(115). From the spring of kindergarten (1999) to the spring of eighth grade (2007), the 

sample declined from 20,578 to 9,725 due to attrition (115). In the current analysis, 

children were excluded with missing or incomplete data on household food security or 
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poverty, health insurance coverage, maternal education, parental depression, sex, 

race/ethnicity, birthweight, and maternal nativity, resulting in a total of 7,056 children. 

Further, we excluded children with missing data on anthropometric measures at the 

eighth grade (n=688), rendering a total of 6,368 children as our final analytical sample. 

All procedures involving data from human subjects were approved by the IRB at the 

University of Texas at Austin. 

Food Insecurity 

Household food security was measured using the validated USDA 18-item 

Household Food Security Survey Module (HFSSM), described previously (205). The 

HFSSM was administered by telephone to the parent, usually the mother, at all waves of 

the ECLS-K to assess household food security status over the preceding 12 months. 

Households were classified as FIS if 3 or more of the 18 questions were affirmed, 

otherwise food-secure (1). As in previous studies, responses to the HFSSM at spring of 

kindergarten, third, fifth and eighth grades were classified into 4 levels, representing the 

spectrum of exposure: food-secure; once FIS; twice FIS; or FIS ≥3 times (19, 63). 

Outcome Measures 

Children’s weight was measured in pounds to the nearest half-pound with an 

electronic scale (SECA, Germany) (115). Children’s height was measured in inches to the 

nearest quarter-inch with a Shorr Board (Olney, MD). Each measurement was taken in 

duplicate at each wave; the mean value of each anthropometric measurement was 

calculated for analysis. The age- and sex-specific body mass index z-scores (BMIZ) were 

calculated using the Centers for Disease Control and Prevention reference data, with the 

overweight/obese classified as an age- and sex-specific BMIZ ≥85th percentile (181). 
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Covariates 

A priori child and parent sociodemographic characteristics related to household 

FIS and overweight/obesity included: child sex, race/ethnic group, birthweight, child 

health insurance, household poverty, maternal nativity and education, and parental 

depression. All child data were parent-reported. Race/ethnicity was categorized as non-

Hispanic White (NHW), non-Hispanic Black (NHB), Hispanic or Asian/other (115). 

Birthweight was classified as low birthweight (LBW) (<2500 g), normal (2500-3999 g), 

or high (HBW) (>4000 g) and child health insurance was classified as insured or 

uninsured in the spring of kindergarten (205).  

At the spring of kindergarten, third, fifth and eighth grades, the reported 

household income was compared to U.S. Census Bureau poverty thresholds in that 

calendar year, taking into account household size. Households were classified as 

"at/above" the poverty threshold if never poor, otherwise "below" (63). 

If a country of origin other than the U.S. was ever reported, maternal nativity was 

"foreign-born," otherwise, "U.S.-born." Maternal education was self-reported in the 

spring of kindergarten and categorized as: 1) less than a high school diploma; 2) a high 

school diploma or a vocational/technical school degree; or 3) some college or above. 

Parental depression was determined by responses to the 12-item Center for 

Epidemiologic Studies Depression Scale (CES-D) in the spring of kindergarten, third and 

eighth grades, and scored as described previously (217). At each wave, over 90% of 

respondents were mothers; parents were classified as "ever" depressed, otherwise 

"never". 

Statistical Analyses 

Data cleaning procedures for anthropometric measures were described previously 

(205). Comparisons of central tendency measures for parental and child characteristics by 
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years of FIS were tested by ANOVA for continuous variables and χ2 test for categorical 

variables. In addition, those lost to follow-up (n=668) were compared to the analytic 

sample to determine bias due to attrition. To characterize child’s BMIZ trajectory from 

kindergarten through the eighth grade, mean unweighted BMIZ was a priori stratified by 

sex and FIS categories, given the sexual dimorphism of somatic growth in childhood and 

adolescence (234). A priori sex-stratified multivariable Poisson regression models with 

robust standard errors estimated relative risks and 95% confidence intervals (CI) for 

overweight/obesity at the eighth grade, adjusting for aforementioned covariates. We 

adjusted for children’s BMIZ at the baseline (kindergarten) to account for potential 

obesity programming prior to kindergarten and to derive conservative risk estimates 

(235). All models were weighted using the longitudinal sample weights. To account for 

the potential interaction between household FIS status and other major covariates (i.e., 

race/ethnicity and household poverty status), respective interaction terms were included 

in the multivariable models. Since no significant effect modification was detected, no 

interaction terms were included in the final multivariable models.  

All analyses were conducted using SAS version 9.4 (SAS Institute, Cary, NC) 

with two-tailed P values <0.05 considered statistically significant. 

RESULTS 

Among 6,368 children, 5,347 (84%) were food-secure from kindergarten through 

the eighth grade, whereas the remainder experienced FIS once (9%), twice (4%), or ≥3 

times (3%) (Table 4.1). Children that had any years of FIS were more likely to be NHB, 

Hispanic or Asian/Other, to have parents that were ever depressed, and to have mothers 

born outside of the U.S. or with a lower education level. FIS ≥3 times compared to the 

food-secure were more likely to live in poverty (77.2% vs. 14.6%) and be uninsured 
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(26% vs. 9.5%).  Moreover, children that had any years of FIS were more likely to be 

born low birthweight and be overweight or obese at the eighth grade, compared to their 

food-secure counterparts. When the sample was stratified by sex, these trends (except for 

birthweight) retained significance in boys and girls (Tables 4.2 and 4.3). In boys, rates of 

having a parent ever depressed were nearly three times as high in the FIS ≥3 times 

(76.2%) as in the food-secure (23.9%); the FIS ≥3 times were also more likely to have 

ever lived in poverty (80%) than the food-secure (14.9%) (Table 4.2). Similar patterns 

were observed in girls, with 72.8% of the FIS ≥3 times having a parent ever depressed vs. 

22.3% in the food-secure, and 74.6% of the FIS ≥3 times having ever lived in poverty vs. 

14.3% in the food-secure (Table 4.3). Those children lost to follow-up before the eighth 

grade did not differ substantially from children retained through eighth grade, except that 

they were more likely to have lived in poverty and have foreign-born mothers (data not 

shown). 

 

 

 

 

 

 

 

 

 

 

 



 78 

Table 4.1: Parental and Child Characteristics by Household Food Security Status-- the 
ECLS-K  

Values are unweighted means ± SDs for continuous variables or n (%) for 
categorical variables. P value was obtained by ANOVA for parametric continuous 
variables, Kruskal-Wallis test for non-parametric continuous variables, and χ2 test for 
categorical variables. FIS, food-insecure; ECLS-K, Early Childhood Longitudinal Study–
Kindergarten cohort. 

 
  Food-

Secure 
FIS once FIS twice FIS ≥3 times P-

Value1 
(n=5347) (n=582) (n=220) (n=219) 

Parental characteristics      
Nativity, n (%)     <0.0001 

Foreign born 769 (14.4) 173 (29.7) 71 (32.3) 63 (28.8)  
Race/ethnicity, n (%)     <0.0001 

Non-Hispanic White 3872 (72.4) 250 (43.0) 90 (40.9) 89 (40.6)  
Non-Hispanic Black 354 (6.6) 81 (13.9) 30 (13.6) 38 (17.4)  
Hispanic 675 (12.6) 175 (30.1) 70 (31.8) 69 (31.5)  
Asian/other 446 (8.3) 76 (13.1) 30 (13.6) 23 (10.5)  

Mother's education in the kindergarten 
year, n (%) 

    <0.0001 

Less than high school 321 (60.0) 138 (23.7) 66 (30.0) 65 (29.7)  
High school diploma or equivalent 1607 (30.1) 229 (39.3) 96 (43.6) 96 (43.8)  
Any college or higher 3419 (63.9) 215 (36.9) 58 (26.4) 58 (26.5)  

Parental depression (ever), n (%) 1237 (23.1) 281 (48.3) 140 (63.6) 163 (74.4) <0.0001 
Household poverty (below threshold), n 
(%) 

781 (14.6) 325 (55.8) 155 (70.5) 169 (77.2) <0.0001 

Child characteristics      
Child uninsured, n (%) 509 (9.5) 126 (21.6) 58 (26.4) 57 (26.0) <0.0001 
Male, n (%) 2740 (51.2) 278 (47.8) 109 (49.5) 105 (47.9) 0.33 
Birthweight, g, mean ± SD 3405.2 ± 

571.6 
3325.5 ± 

622.6  
3341.4 ± 

663.4  
3280.5 ± 

657.9  
0.0001 

Birthweight categories, n (%)     0.0009 
<2500 (low), n (%) 311 (5.8) 48 (8.2) 20 (9.1) 26 (11.9)  
2500–3999 (normal), n (%) 4329 (81.0) 471 (80.9) 169 (76.8) 168 (76.7)  
≥4000 (high), n (%) 707 (13.2) 63 (10.8) 31 (14.1) 25 (11.4)  

BMI-for-age Z at 8th grade, mean ± SD 0.5 ± 1.1  0.7 ± 1.1  0.9 ± 1.0  0.9 ± 1.0  <0.0001 

Overweight/obesity at 8th grade, n (%) 1692 (31.6) 238 (40.9) 114 (51.8) 107 (48.9) <0.0001 
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Table 4.2: Parental and Child Characteristics by Household Food Security Status Among 
Boys (n = 3,232)-- the ECLS-K 

Values are unweighted means ± SDs for continuous variables or n (%) for 
categorical variables. ¹P value was obtained by ANOVA for parametric continuous 
variables, Kruskal-Wallis test for non-parametric continuous variables, and χ2 test for 
categorical variables. FIS, food-insecure; ECLS-K, Early Childhood Longitudinal Study–
Kindergarten cohort. 

 
 

 Food-Secure FIS Once FIS 
Twice 

FIS >3 
Times 

 
P-value1 

(n=2740) (n=278) (n=109) (n=105) 
Parental characteristics      
Nativity, n (%)     <0.0001 

Foreign born 393 (14.3) 82 (29.5) 37 (33.9) 31 (29.5)  
Race/ethnicity, n (%)     <0.0001 

Non-Hispanic White 1996 (72.8) 116 (41.7) 43 (39.4) 41 (39.0)  
Non-Hispanic Black 175 (6.4) 39 (14.0) 14 (12.8) 21 (20.0)  
Hispanic 362 (13.2) 91 (32.7) 36 (33.0) 33 (31.4)  
Asian/other 207 (7.6) 32 (11.5) 16 (14.7) 10 (9.5)  

Mother's education in the 
kindergarten year, n (%) 

    <0.0001 

Less than high school 187 (6.8) 73 (26.3) 34 (31.2) 30 (28.6)  
High school diploma or 

equivalent 
826 (30.1) 102 (36.7) 50 (45.9) 45 (42.9)  

Any college or higher 1727 (63.0) 103 (37.1) 25 (22.9) 30 (28.6)  
Parental depression (ever), n 
(%) 

655 (23.9) 141 (50.7) 72 (66.1) 80 (76.2) <0.0001 

Household poverty (below 
threshold), n (%) 

409 (14.9) 156 (56.1) 76 (69.7) 84 (80.0) <0.0001 

Child characteristics      
Child uninsured, n (%) 272 (9.9) 57 (20.5) 27 (24.8) 30 (28.6) <0.0001 
Birthweight, g, mean ± SD 3461.2 ± 

591.0 
3368.6 ± 

629.9 
3448.5 ± 

658.3 
3349.1 ± 

633.8 
0.037 

Birthweight categories, n (%)     0.066 
<2500 (low), n (%) 148 (5.4) 21 (7.6) 9 (8.3) 10 (9.5)  
2500–3999 (normal), n (%) 2128 (77.7) 225 (80.9) 79 (72.5) 79 (75.2)  
≥4000 (high), n (%) 464 (16.9) 32 (11.5) 21 (19.3) 16 (15.2)  

Overweight/obesity at 8th 
grade, n (%) 

898 (32.8) 115 (41.4) 52 (47.7) 53 (50.5) <0.0001 
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Table 4.3: Parental and Child Characteristics by Household Food Security Status Among 
Girls (n = 3,136)-- the ECLS-K 

Values are unweighted means ± SDs for continuous variables or n (%) for 
categorical variables. ¹P value was obtained by ANOVA for parametric continuous 
variables, Kruskal-Wallis test for non-parametric continuous variables, and χ2 test for 
categorical variables. FIS, food-insecure; ECLS-K, Early Childhood Longitudinal Study–
Kindergarten cohort. 

 
 

 Food-Secure FIS Once FIS 
Twice 

FIS >3 
Times 

 
P-value1 

(n=2607) (n=304) (n=111) (n=114) 
Parental characteristics      
Nativity, n (%)     <0.0001 

Foreign born 376 (14.4) 91 (29.9) 34 (30.6) 32 (28.1)  
Race/ethnicity, n (%)     <0.0001 

Non-Hispanic White 1876 (72.0) 134 (44.1) 47 (42.3) 48 (42.1)  
Non-Hispanic Black 179 (6.9) 42 (13.8) 16 (14.4) 17 (14.9)  
Hispanic 313 (12.0) 84 (27.6) 34 (30.6) 36 (31.6)  
Asian/other 239 (9.2) 44 (14.5) 14 (12.6) 13 (11.4)  

Mother's education in the 
kindergarten year, n (%) 

    <0.0001 

Less than high school 134 (5.1) 65 (21.4) 32 (28.8) 35 (30.7)  
High school diploma or 

equivalent 
781 (30.0) 127 (41.8) 46 (41.4) 51 (44.7)  

Any college or higher 1692 (64.9) 112 (36.8) 33 (29.7) 28 (24.6)  
Parental depression (ever), n 
(%) 

582 (22.3) 140 (46.1) 68 (61.3) 83 (72.8) <0.0001 

Household poverty (below 
threshold), n (%) 

372 (14.3) 169 (55.6) 79 (71.2) 85 (74.6) <0.0001 

Child characteristics      
Child uninsured, n (%) 237 (9.1) 69 (22.7) 31 (27.9) 27 (23.7) <0.0001 
Birthweight, g, mean ± SD 3346.4 ± 

544.5  
3286.1 ± 

614.2  
3236.2 ± 

654.4  
3217.5 ± 

675.0  
0.0062 

Birthweight categories, n (%)     0.0230 
<2500 (low), n (%) 163 (6.3) 27 (8.9) 11 (9.9) 16 (14.0)  
2500–3999 (normal), n (%) 2201 (84.4) 246 (80.9) 90 (81.1) 89 (78.1)  
≥4000 (high), n (%) 243 (9.3) 31 (10.2) 10 (9.0) 9 (7.9)  

Overweight/obesity at 8th 
grade, n (%) 

794 (30.5) 123 (40.5) 62 (55.9) 54 (47.4) <0.0001 
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The BMIZ trajectories differed by sex (Figure 4.1; see Table 4.4 for point 

estimates). Among boys, the food-secure and once-FIS groups exhibited similar growth 

patterns with an increasing BMIZ from kindergarten through the fifth grade and a 

subsequent drop at the eighth grade; those with two years were the second-leanest group 

in kindergarten but emerged as the group with the second-highest BMIZ in eighth grade. 

Boys FIS ≥3 times emerged with the highest BMIZ in both kindergarten and eighth 

grade. Among girls, BMIZ increased across ages in all FIS groups with the twice-FIS 

group consistently being the highest, followed by FIS ≥3 times and once-FIS during the 

study period. Throughout the study, the food-secure, regardless of sex, were consistently 

the leanest across all groups.     
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Figure 4.1: Mean BMI-for-age z-score trajectory by Household Food Security Status 
among Boys (A) and Girls (B) 
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Table 4.4: Child’s mean BMI-for-age z-score (BMIZ) from the Kindergarten Year 
through the 8th Grade by Sex and Household Food Security Status-- the 
ECLS-K 

FIS, food insecurity. Values are means (SDs). 

 
 Kindergarten 3rd grade 5th grade 8th grade 
Boys     

Food-secure 0.32 (0.06) 0.55 (0.02) 0.62 (0.02) 0.51 (0.02) 
FIS once 0.54 (0.07) 0.79 (0.06) 0.87 (0.07) 0.75 (0.07) 
FIS twice 0.38 (0.12) 0.63 (0.11) 0.83 (0.11) 0.81 (0.1) 
FIS ≥ 3 times 0.67 (0.1) 0.77 (0.11) 0.76 (0.23) 0.94 (0.11) 

Girls     
Food-secure 0.29 (0.04) 0.42 (0.02) 0.46 (0.02) 0.51 (0.02) 
FIS once 0.48 (0.06) 0.57 (0.07) 0.71 (0.07) 0.73 (0.06) 
FIS twice 0.56 (0.11) 0.85 (0.11) 0.91 (0.11) 0.98 (0.09) 
FIS ≥ 3 times 0.46 (0.1) 0.72 (0.11) 0.9 (0.1) 0.94 (0.09) 

 

Very few sex differences persisted in the final weighted multivariable models 

(Table 4.5). Compared to the food-secure, twice-FIS boys and girls had a 37% (95% CI 

1.05, 1.79) or 43% (95% CI 1.10, 1.86) higher risk of overweight/obesity at the eighth 

grade, respectively, after adjusting for other risk factors. Foreign-born maternal nativity 

was associated with a 16% reduction in risk (RR 0.84; 95% CI 0.71, 0.99) for 

overweight/obesity for boys only. Maternal education of any college or higher was 

associated with reduced risk for overweight/obesity in the overall sample, but was not 

significant in sex-stratified models. Being uninsured in kindergarten was associated with 

a 21% (95% CI 1.02, 1.44) higher risk of overweight/obesity for boys only. BMIZ at 

kindergarten was associated with nearly double the risk of overweight/obesity at eighth 
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grade, with a slightly stronger magnitude in girls (RR 2.05; 95% CI 1.89, 2.22) than in 

boys (RR 1.80; 95% CI 1.68, 1.92). 
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Table 4.5: Adjusted RRs (95% CIs) of Overweight or Obesity for All 8th Graders-- the 
ECLS-K 

Point estimates for each factor were adjusted for all other factors listed in the 
table. NA, not applicable. 

 
 Overall (n = 6,368) Boys (n = 3,232) Girls (n = 3,136) 
Household food 
security 

   

Food secure Reference Reference Reference 
Food-insecure once 1.03 (0.90, 1.18) 1.10 (0.91, 1.33) 0.94 (0.77, 1.15) 
Food-insecure 

twice 
1.39 (1.15, 1.69) 1.37 (1.05, 1.79) 1.43 (1.10, 1.86) 

Food-insecure ≥3 
times 

1.15 (0.94, 1.41) 1.25 (0.95, 1.64) 1.08 (0.81, 1.43) 

Household poverty    
At/above threshold Reference Reference Reference 
Below threshold 1.10 (0.97, 1.25) 1.07 (0.89, 1.28) 1.17 (0.97, 1.40) 

Maternal nativity     
US-born Reference Reference Reference 
Foreign-born 0.84 (0.74, 0.95) 0.84 (0.71, 0.99) 0.86 (0.71, 1.05) 

Race/ethnicity    
Non-Hispanic 

White 
Reference Reference Reference 

Non-Hispanic 
Black 

1.06 (0.91, 1.24) 0.99 (0.78, 1.27) 1.09 (0.90, 1.33) 

Hispanic 1.09 (0.94, 1.25) 1.05 (0.88, 1.26) 1.12 (0.90, 1.40) 
Asian/other 1.15 (0.95, 1.40) 1.19 (0.92, 1.54) 1.12 (0.84, 1.50) 

Mother's education in 
the kindergarten year 

   

Less than high 
school 

Reference Reference Reference 

High school 
diploma or equivalent 

0.87 (0.75, 1.02) 0.83 (0.68, 1.02) 0.96 (0.77, 1.21) 

Any college or 
higher 

0.83 (0.71, 0.98) 0.81 (0.65, 1.01) 0.92 (0.71, 1.18) 

Parental depression    
Never Reference Reference Reference 
Ever 1.08 (0.97, 1.20) 1.04 (0.89, 1.21) 1.14 (0.97, 1.33) 

Health insurance     
Child insured Reference Reference Reference 
Child uninsured 1.13 (0.99, 1.29) 1.21 (1.02, 1.44) 1.05 (0.87, 1.28) 
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Table 4.5, cont. 

 
Birthweight 
categories, g 

   

2500–3999 
(normal) 

Reference Reference Reference 

<2500 (low) 0.88 (0.72, 1.08) 0.93 (0.69, 1.26) 0.84 (0.66, 1.08) 
≥4000 (high) 1.08 (0.95, 1.22) 1.08 (0.92, 1.26) 1.08 (0.87, 1.33) 

BMIZ at kindergarten 1.91 (1.81, 2.01) 1.80 (1.68, 1.92) 2.05 (1.89, 2.22) 
Sex    

Male Reference NA NA 
Female 1.01 (0.92, 1.11) NA NA 

 

DISCUSSION 

In this longitudinal cohort of school-aged children, food-secure children had the 

leanest BMIZ over time compared to children with any exposure to FIS. Two years of 

exposure to FIS within this period, but not fewer or more, increased the risk of 

overweight/obesity in the eighth grade year for the total cohort and the relationship 

remained in sex-stratified analyses. To our knowledge, this is the first study to examine 

the relationship between the number of years of exposure to FIS in early to mid-

childhood and risk of overweight/obesity in the ECLS-K and to characterize sex-specific 

BMIZ trajectories by years of FIS. In boys and girls, the lowest average BMIZ scores 

were consistently observed in the food-secure, but no direct relationship between number 

of years of FIS and BMIZ trajectory was observed in either sex.  

The preponderance of evidence led us to hypothesize that number of years of 

exposure to FIS over the study period would increase both risk of higher BMIZ and of 

overweight/obesity in eighth grade (76, 232). However, two years of FIS were sufficient 
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to increase the risk and therefore may constitute intermittent exposure to FIS, which 

could be more destabilizing for typical development than one episode but fly under the 

radar of assistance programs and social support, in contrast with three or more years (77, 

144, 221). In a sensitivity analysis where we examined number of years of FIS by 

severity of FIS in eighth grade (i.e. food-secure, low food-secure, and very low food-

secure) we actually mimicked the results in Table 4.5, whereby again, two years of 

exposure were necessary and sufficient to significantly increase risk of 

overweight/obesity in eighth grade. Several mechanisms have been posited to drive the 

obesity-FIS relationship, including cyclic fasting and overconsumption related to 

fluctuations in availability of food, overconsumption of energy-dense foods as a means of 

saving money, and stress-related metabolic or behavioral coping mechanisms (77, 78). 

Additionally, one study of parenting strategies in the context of FIS found that mothers of 

adolescent daughters, but not sons, used restrictive feeding practices (236). A 

combination of behavioral coping mechanisms and parenting strategies, the data of which 

were not available in the ECLS-K, may be driving the observed association between two 

years of FIS and overweight/obesity risk in eighth grade. 

Household poverty was not an independent risk factor for obesity in boys or girls, 

in contrast to a previous ECLS-K analysis that used 3 instead of 4 waves of data in an 

econometric modeling technique, which may account for differences (159). Foreign-born 

maternal nativity and maternal education of some college or higher were both negatively 

associated with child risk of overweight/obesity; only the former association remained 

significant, with overlapping confidence intervals, in sex-stratified models. There is 

conflicting literature on the effect of maternal nativity on child weight status; variables 

such as acculturation, parental feeding behaviors and other lifestyle behaviors may 

mediate this relationship and were not measured in the study (237, 238). The association 



 88 

between maternal education and child weight is consistent with prior studies in terms of 

direction and its borderline nonsignificance (159, 233).    

The association between FIS and overweight/obesity was not influenced by 

parental depression, which in studies of infants and adolescents has been shown to 

influence the positive and negative associations, respectively, between FIS and 

overweight/obesity (147, 225). The impact of parental depression on weight status of 

children may be exerted via parental behaviors and characteristics that were not measured 

in the ECLS-K.  

Our finding that BMIZ at kindergarten increased risk of overweight/obesity by 

83% in boys and more than doubled risk in girls is consistent with prior research on 

weight trends beginning in early life (229). The inclusion of BMIZ at kindergarten in 

models may explain why birthweight was not associated with risk of overweight/obesity 

in eighth grade; birthweight may represent an earlier, weaker signal on the same probable 

pathway of development (82).   

The strengths of this study include: a repeated measures design utilizing data on a 

large, diverse and stable cohort; the use of the validated HFSSM and CES-D across 

waves; and oversampling of ethnic minorities. The observed prevalence of exposure to 

FIS in these analyses was also comparable to national data (18). We were limited by the 

lack of maternal characteristics such as pre-pregnancy weight and parenting behaviors, 

which might be associated with residual confounding (211, 239). Lastly, participant 

attrition of approximately 10% from kindergarten through eighth grade could have 

reduced the statistical power and introduced selection bias due to the slightly lower level 

of exposure to poverty in the remaining sample; however, risk point estimates were 

adjusted accordingly. 
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In summary, exposure to two years of FIS in early and mid-childhood was a risk 

factor for overweight/obesity in this diverse cohort of school-aged children. These 

findings support the importance of recent pediatric policy screening for FIS, which, if 

adopted as routine or repeated screening in the childhood years, could enhance obesity 

prevention strategies in children. Future studies that utilize a life-course approach and 

measure the impact of FIS in early life through childhood, with attention to the timing of 

the FIS exposures, are warranted. 
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Chapter 5: Summary and Future Directions 

AIM 1 

The first aim examined the cross-sectional association between household food 

security and a diagnosis of asthma in the child in 3rd grade, before and after adjustment 

for covariates. The hypothesis was that household food security is negatively associated 

with asthma diagnosis in children; this relationship may be affected by various 

sociodemographic characteristics of the child or parent in a snapshot of the ECLS-K 

cohort at 3rd grade, the first wave at which a parent reported if a child had ever been 

diagnosed with asthma. 

The key findings were: the positive association between food insecurity and the 

odds of asthma; and the positive association between the interaction of food insecurity 

with poverty and the odds of asthma. 

The findings demonstrated for the first time that household food insecurity is 

associated with the higher odds of asthma in school-aged children, and that the presence 

of poverty strengthens this relationship. Moreover, we saw disparities between 

race/ethnic groups, with the aforementioned relationship strongest in Hispanics compared 

with NHWs and NHBs. 

AIM 2 

The second aim examined the association between the number of years of 

exposure to household food insecurity between kindergarten and 8th grade and the odds 

of asthma before and after adjustment for covariates. The hypothesis was that duration of 

exposure to household food insecurity and asthma are positively related; this relationship 

may be affected by various sociodemographic characteristics of the child or parent. 
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We observed that any number of years of exposure to food insecurity from 

kindergarten to 8th grade compared with consistently being food-secure was associated 

with increased odds of asthma, after controlling for covariates. The highest odds of 

asthma was associated with two years of exposure to food insecurity, followed by three 

years, then one or four years. Thus, repeated but not necessarily successive exposures to 

food insecurity appeared more damaging in terms of asthma than always food-insecure, 

but there was no dose-response relationship between number of years of exposure to food 

insecurity between kindergarten and 8th grade and odds of asthma.  

AIM 3 

The objective of the third aim was to examine the relationship between the 

number of years of exposure to food insecurity between kindergarten and 8th grade and 

risk of overweight/obesity by sex, controlling for covariates. The hypothesis was that 

exposure to food insecurity and risk of overweight/obesity in late childhood are positively 

related.  

We found that two years of exposure to food insecurity within this period, but not 

fewer or more years, increased the risk of overweight/obesity in the 8th grade year for the 

total cohort; this relationship remained when boys and girls were examined separately. 

CONCLUSIONS 

This body of research has demonstrated that food insecurity is a considerable 

challenge for the normal and healthy development of U.S. school-aged children. The 

investigations in Aims 1 and 2 together constitute a significant research contribution; the 

first demonstrated a positive cross-sectional association between food insecurity and 

asthma, and the second broadened the scope to encompass the entire study period via four 

waves, where an association between intermittent exposure to food insecurity and asthma 
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was observed. The latter association suggests that "persistence" of exposure to food 

insecurity matters: the number of exposures across four waves indicated a measure of 

duration of exposure to food insecurity, and we saw a positive, yet non-linear, 

relationship between years of exposure to food insecurity and asthma.  

The findings suggest that one mechanism of action between food insecurity and 

asthma is perhaps stress-related. Intermittent stress exposure in the form of sporadic 

periods of food insecurity may be more taxing than "persistent" food insecurity, or food 

insecurity that is more frequent. In Aims 2 and 3, we saw that two years of exposure to 

food insecurity had the strongest (or only) relationship with the health outcome. We 

know from studies on poverty and other conditions of resource deprivation or hardship 

that stressors both cause stress and associate with other stressors, proliferating and 

begetting more stress (223). On the one hand, stress can activate coping mechanisms, like 

social support networks or access to assistance programs, and perhaps explains why we 

saw that one or four years of food insecurity did not have as strong an association with 

asthma as two years of exposure. Access to assistance programs may explain the negative 

association between ever being poor and odds of asthma in Aim 2. On the other hand, 

relatively unpredictable stress may exhaust limited resources of a household at the same 

time it prevents effective coping. This situation would explain the pattern of associations 

in Aim 2 between years of food insecurity and asthma.  

Another component of the stress pathway between food insecurity and child 

asthma is parental stress. Ever having a depressed parent was associated with increased 

odds of asthma, consistent with one prior study in Australia (206). In a study of food 

insecurity and infant health, parenting and parent stress mediated associations between 

food insecurity and poor infant health outcomes (225). This suggests that food insecurity 

could work through parent stress or parenting behaviors to impact asthma in their child. 
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This could be probed in future studies, since the ECLS-K did not have the data to let us 

explore this. 

Furthermore, we can conclude from Aims 1 and 2 that the experience of food 

insecurity is not homogeneous. Exposures such as food insecurity are filtered through 

social and physical environments, and can interact with biosocial influences (240). In one 

alternative approach to the analyses in Aim 2 where race/ethnic-specific logistic 

regression models were done, we saw differences between NHWs, NHBs and Hispanics 

in associations between food insecurity and asthma, and these varied by household 

poverty (ever vs. never poor across waves). This is consistent with prior studies on 

poverty and health disparities in race/ethnic minorities, and should inform future studies 

of food insecurity and chronic health (122, 184). 

Based on the findings in Aim 3, we also conclude that intermittent food insecurity 

in early and mid-childhood is positively associated with overweight/obesity risk in early 

adolescence. We questioned why we saw a positive, non-linear association between years 

of food insecurity and adjusted risk of overweight/obesity in 8th grade. One consideration 

was that maybe the children with four exposures were experiencing severe food 

insecurity four times? Severe food insecurity may result in undernutrition, which would 

likely reduce the risk of overweight/obesity. We ran a sensitivity analysis, stratified by 

sex, looking at the severity of the reported food insecurity along with the number of 

exposures, and mimicked our main findings. Two years of exposure– no more, no less- 

reached significance. If the severity was working through undernutrition to suppress 

overweight/obesity at 8th grade, we would not expect to see the results of the sensitivity 

analysis.   

In the literature, a few potential underlying mechanisms are posited for a positive 

association between food insecurity and overweight/obesity in children. Parents may 
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protect children from any food shortages related to food insecurity. It is generally 

accepted that food insecurity can perpetuate cyclical food restriction in a household; by 

the end of a cycle, the household may rely on just a few inexpensive types of food, which 

may be energy-dense. Cyclical restriction may involve irregular eating patterns and result 

in involuntary periods of fasting or low intake (20). This all could contribute to stress. 

Parenting behaviors, or child eating or coping strategies may be affected, and metabolic 

changes could certainly result from the combination of any cyclic food restriction and 

stress (77, 78). There is evidence in the literature that parent feeding behaviors are 

different in the context of food insecurity versus food security (236). Aim 3 contributes to 

the inconsistent literature on the food insecurity – obesity connection in children but 

opens the door for pathway studies to untangle some of these mechanisms that could not 

be addressed in this study. 

FUTURE DIRECTIONS 

The American Academy of Pediatrics released a policy statement in 2016 that 

called for food insecurity screening of children at pediatric visits (204). In light of the 

findings from these analyses, it seems that food insecurity screening for early 

identification of exposure to food insecurity could contribute to chronic disease 

prevention or harm reduction measures. Physicians could alert parents to resources to 

alleviate food insecurity and the screening could enable early detection of risk or risk 

profiles for interventions. Because the HFSSM or food insecurity screening could be 

administered not just by a doctor but by other health professionals such as nurses, 

physicians' assistants or dietitians, pediatric screening could also be implemented in 

allied health care settings. A 2-item screener has been validated to screen for household 

food insecurity, and could be used in these various settings to reduce patient burden and 
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any stigma that might result from a long questionnaire about resource deprivation at 

home (241). 

In future studies on chronic diseases such as asthma in children, data on 

environmental and viral exposures as well as genetic risk markers should be collected as 

well as repeated measures of food insecurity and dietary variables, such as intake and diet 

composition. Weight and height trends over time are also crucial. Ideally, we would 

collect metabolic data, nutrient or meal timing patterns, and data on sleep. There is great 

potential in mining data from large health maintenance organizations such as Kaiser 

Permanente, or health care entities such as Seton once food insecurity screening becomes 

routine at pediatric visits. The Special Supplemental Nutrition Program for Women, 

Infants and Children (WIC) may also be a source of these data. Here in central Texas, the 

Texas Sprouts study has repeated measures on child-reported food insecurity, and should 

be able to tease out the impact of a gardening intervention on food insecurity, and 

associations between food insecurity and chronic health markers in schoolchildren.  

Studies should be adequately powered to stratify by race/ethnicity. Our alternative 

approach in Aim 2 and other studies suggest that food insecurity, as a stressful exposure, 

may interact differently across race/ethnic groups with other biological, economic and 

psychosocial factors.  

Future directions should also include testing the hypotheses of association 

between food insecurity and risk of asthma or overweight/obesity in other populations. 

Promising regions include the United Kingdom, Australia, and Canada, which have the 

advantage of nationalized health care data systems. Diverse populations would allow for 

examination of risk by race/ethnic group.  

Future research may also examine whether the timing of exposures to food 

insecurity plays a part in disease outcomes; that is, if there are critical windows in 
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childhood where efforts to combat food insecurity could be focused for disease 

prevention or harm reduction. We hypothesized that access to federal assistance programs 

for children exposed to repeated episodes of food insecurity likely led to reduction in risk 

of asthma or overweight/obesity, largely consistent with prior research on these programs 

(242). As changes to these programs are pondered or enacted according to the political 

cycle, it is imperative to consider the ever-expanding range of benefits this assistance 

provides to those most at risk among us. 
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