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ABSTRACT OF THE THESIS 

Fruit and vegetable consumption in preschool-aged,  

low-income Mexican-American children: 

 a comparative analysis. 

By Isabel Ramos 

 

Thesis Director: 

John Worobey, Ph.D. 

Childhood obesity is an emerging epidemic. According to data found in the 

Pediatric Nutrition Surveillance System, over 12.5 million children are overweight or 

obese in the United States. The prevalence of obesity is higher in Mexican-American 

children than other ethnic groups in the US. Current research has found that higher 

intakes of fruits and vegetables have been shown to help prevent and reduce chronic 

diseases like obesity. Low fruit and vegetable consumption may also be a contributing 

factor to unhealthy weight gain in children. Moreover, low consumption of fruits and 

vegetables may reinforce the preference for other unhealthful foods like sugar-sweetened 

beverages and refined carbohydrates. 

The objective of this study was to look at fruit and vegetable consumption in 

Mexican-American children at ages 2 and 4, and to examine its association with their 

weight status.  At both time points, fruits and vegetables were estimated in cups and the 

nutrient intake was analyzed. It was found that fruit intake met the 2010 USDA food 

guidelines set for these ages, but significantly lower consumption of vegetables was 

observed at both ages. Micronutrients found in fruits and vegetables showed that vitamin 
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A, C, and folate met the Dietary Reference Intakes (DRI) set for 2- and 4- year old 

children. However, significantly low intakes in vitamin E and potassium were observed. 

Furthermore, dietary fiber was significantly below the DRI at both time points. A 

significant 12% increase in the BMI-for-age percentile from children at 2 years of age to 

4 years of age was found. However, no relationship was found between fruit and 

vegetable consumption with BMI-for-age percentile. Nevertheless, fruit and vegetable 

consumption remains important because of the vital role it plays in preventing and 

reducing chronic diseases in the Mexican-American population.  
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I. INTRODUCTION 

Childhood obesity is an emerging epidemic, which has reached about 12.5 million 

children and adolescents in the United States (Ogden, Carroll, Kit, & Flegal, 2012). To 

define overweight or obesity in children, a measurement called Body Mass Index (BMI) 

for Age Percentile is utilized. Children categorized as overweight are at or above the 85th 

percentile and those who are obese are at or above the 95th percentile. In the United 

States, 31.6% of children (10- to 17-years old) are overweight and 16.4% are obese 

(Singh, Kogan, & van Dyck, 2010). The prevalence of obesity among 2- to 5-year-olds is 

12.1% in the U.S. (Ogden et al., 2012).  In New Jersey, 31% of children ages 10 through 

17 years are overweight/obese and of these children, 34.4% are Hispanic (National 

Survey of Children's Health, 2007). According to the Pediatric Nutrition Surveillance 

System 2009 Report, children <5 years have a 14.7% prevalence for obesity. The state 

with the highest prevalence for obesity in children this young is New Jersey at 18.4%  

(Polhamus, Dalenius, Mackintosh, Smith & Grummer-Strawn, 2011).  

Mexican-American children have a higher obesity rate when compared to children 

in the general US population (Alexander, Sherman, & Clark, 1991; Hernandez-Valero et 

al., 2007; Ogden, Flegal, Carroll, & Johnson, 2002). Furthermore, Mexican-American 

children (ages 5 through 19 years) who have immigrated to the US have an increased risk 

of overweight and obesity (Hernandez-Valero et al., 2012). The concern is that children 

who are obese may become or remain obese into adulthood, which may increase the risk 

of associated comorbidities (Biro & Wien, 2010; Serdula et al., 1993; Whitaker, Wright, 

Pepe, Seidel, & Dietz, 1997). The Hispanic population has an increase risk of developing 
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Type 2 diabetes mellitus, which may lead to cardiovascular diseases (Zhang, Wang, & 

Huang, 2009). In fact, dyslipidemia, a precursor to Type 2 diabetes mellitus, was 

identified in Hispanic children as young as ages 2 and 3 years (Shea et al., 2003). Diet, 

specifically fruits and vegetables, has been shown to help prevent and reduce chronic 

diseases (Damasceno, de Araujo, de Freitas, de Almeida, & Zanetti, 2011; De Natale et 

al., 2009; Nikolic, Nikic, & Petrovic, 2008). However, 82.9% of Mexican-American 

children are not consuming the recommended amounts of fruits and vegetables (Lorson, 

Melgar-Quinonez, & Taylor, 2009).  

Fruit and vegetable consumption can be influenced by several factors such as 

genetics, socio-economic status, food insecurity, food accessibility in the neighborhood 

and at home, parent modeling, and diet (Alaimo, Olson, Frongillo, & Briefel, 2001; Bell 

& Tepper, 2006; Dave, Evans, Pfeiffer, Watkins, & Saunders, 2010; Martin, Lee, Couch, 

Morrison, & Woo, 2011; Nord, Andrews, & Carlson, 2005; Singh, Siahpush, Hiatt, & 

Timsina, 2011; Swinburn, Egger, & Raza, 1999; Turnbull & Matisoo-Smith, 2002; Wang 

& Zhang, 2006; Worobey, Ostapkovich, Yudin, & Worobey, 2010). Children learn 

dietary habits and food preferences as early as preschool (Birch & Fisher, 1998).  

Children are only eating 2.1 servings per day of fruits and vegetables combined, which is 

below United States Agricultural Association Dietary Guidelines (Cullen et al., 2001, 

United States Department of Agriculture, 2011).  Reinforcing fruit and vegetable 

consumption in preschoolers may lead to consuming fruits and vegetables as they age. 

Research shows a decrease in fruit and vegetable consumption as age increases (Krebs-

Smith, Guenther, Subar, Kirkpatrick, & Dodd, 2010). So if children are only eating 2.1 

servings per day of fruits and vegetables combined, then this number may dwindle further 
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as they become older (Cullen et al., 2001).  This is a major problem because if children 

are not consuming the adequate amount of fruits and vegetables, they may not obtain 

beneficial nutrients for physical development and prevention of diseases. 

  Although much research exploring the influences on weight gain and dietary 

habits has been conducted, research on dietary habits of Mexican-American children is 

limited. This is unfortunate, since Mexican-American children are a high-risk population 

for weight gain and have higher prevalence for certain diseases.  Therefore, this thesis 

will focus on the issue of fruit and vegetable consumption and weight gain in low-income 

Mexican-American preschool-aged children. 
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II. REVIEW OF THE LITERATURE 

In recent years, media advertisements have been promoting initiatives like 

“Campaign to End Obesity,” and “Strong4Life.” First Lady Michelle Obama began the 

“Let’s Move!” campaign in 2010 to encourage children to live healthier lifestyles and 

combat the childhood obesity epidemic within a generation (Let's move! America's move 

to raise a healthier generation for kids, 2012). These campaigns and several others aim to 

eradicate the childhood obesity crisis, since the prevalence of childhood obesity has 

increased over the past 30 years. Childhood overweight and obesity is defined by the 

Centers for Disease Control and Prevention (CDC) using the Body Mass Index (BMI) 

based on height, weight, age and sex of the child (CDC, 2012). Overweight children are 

those who have a BMI-for-age percentile at or above the 85th and below the 95th 

percentile. Obese children are those who have a BMI-for-age percentile at or above the 

95th percentile.   

According to the CDC, about 12.5 million children and adolescents between the 

ages of 2 to 19 have been diagnosed as obese and overweight (Ogden, Carroll, Kit, & 

Flegal, 2012).  In the United States, 31.6% of children (10- to 17-years old) are 

overweight and 16.4% are obese (Singh, Kogan, & van Dyck, 2010). Prevalence of 

obesity has been found to differ amongst ethnicities. Mexican-American children (2- to 

19- year-olds) have a higher prevalence for severe obesity (above 97th percentile) when 

compared to whites (Wang & Zhang, 2006). Much like the nation, 31% percent of New 

Jersey children ages 10 through 17 years were overweight or obese, however, in looking 

only in the Hispanic children population, 34.4% were reported overweight or obese, 

using BMI for age and sex at or above the 85th percentile (National Survey of Children's 
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Health, 2007).  The US Hispanic population refers to participants from Central America, 

South America, the Caribbean (Puerto Rico, Cuba, Dominican Republic), and Spain. 

Throughout this review, studies using Hispanic samples were used as reference because 

there is limited research on childhood obesity in Mexican-Americans. According to the 

US Census Bureau (2010), Mexican-Americans made up over half of the Hispanic 

population.  

  The prevalence of this disease can be observed in children as young as preschool 

age. In the Pediatric Nutrition Surveillance System 2009 report, New Jersey ranked with 

the highest prevalence for obesity in children <5 years at 18.4% when compared to the 

other states (Polhamus, Dalenius, Mackintosh, Smith & Grummer-Strawn, 2011).  

Preschool children who were identified as at or above the 85th BMI percentile were likely 

to have a twofold risk for being overweight or obese by the age of 11 years (Shankaran et 

al., 2011). Results suggest that children with a high BMI at an early age would be at a 

higher risk of being overweight or obese as an adolescent. In support of this finding, the 

National Health and Nutrition Examination Survey III (NHANES III) examined 

Mexican-American children between the ages of 2 through 19 years. The study separated 

the ages into three groups: 2-5 years, 6-11 years, and 12-19 years. About 13.1% of 

children in the 2- to 5-year-old group were obese and 26.3% were overweight or at risk 

for overweight (Flegal, Ogden, & Carroll, 2004). The other two age groups showed even 

higher percentages for overweight or at risk for overweight and obesity status. This 

suggests that although the prevalence of obesity is lower at an early age in Mexican-

American children, as they grow older, the risk of becoming overweight or obese may 
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increase. This is a serious issue, as the prevalence of this disease coincides with 

comorbidities that may result from the increase in weight.  

The prevalence in obesity and Type 2 diabetes mellitus (T2DM) is found in 

Mexican-American adults, which may lead to cardiovascular disease (Fryar, Wright, 

Eberhardt, & Dye, 2012). Children at an early age can exhibit symptoms of T2DM when 

overweight or obese. Dyslipidemia has been identified as a precursor to T2DM and 

cardiovascular disease (Bao, Srinivasan, Wattigney, Bao, & Berenson, 1996). Shea et al. 

(2003) studied obese and hyperinsulinemic Hispanic children at 2- to 3-year-olds and 

found that dyslipidemia was present in this group. A fasting insulin level positively 

correlated with triglyceride levels and was inversely correlated with HDL-cholesterol 

levels.  Similar results were observed in Mexican-American children from 8- to 20-year-

olds. The older the children were, the higher the potential the child had to have abnormal 

high-density lipoprotein (HDL), cholesterol, and triglycerides (Fortmeier-Saucier, Savrin, 

Heinzer, & Hudak, 2008).  These findings suggest that parents and researchers should be 

concerned with children’s health and diet at an early age to combat obesity and 

comorbidities.   

Health consequences due to inadequate intake of fruits and vegetables 

Diet has been linked with many diseases. School-aged children (9- to 13-year-

olds) from low-income urban schools in Mexico have a significant intake of food 

containing high fat, high sugar, and refined carbohydrates. As a result, this unhealthful 

dietary lifestyle was positively associated with coronary vascular disease (CVD, 

Perichart-Perera et al., 2010). Fruit and vegetable consumption only contributed 3% and 

4%, respectively, of their overall energy intake.  
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Fruit and vegetable consumption has been identified as a factor in preventing or 

improving some disease states.  Fruits and vegetables are rich in nutrients and 

antioxidants and have been associated with the decrease in chronic diseases and inversely 

associated with development of coronary heart disease (CHD) (United States Department 

of Agriculture, 2010). Individuals who reported fruit consumption greater than 5 items 

per day and vegetable consumption greater than 3 items per day had 60% and 70% lower 

risks of developing heart disease, respectively, when compared to those who consumed 

<1 fruit or vegetable per day (Nikolic, Nikic, & Petrovic, 2008).  Also, those with low 

amounts of vegetable intake displayed a 4.04 fold increase for CHD (Nikolic et al., 

2008).  Type 2 diabetic patients on a high carbohydrate and high fiber diet consisting of 

legumes, fruits, vegetables, and whole cereals have shown an improvement on blood 

plasma glucose, insulin responses, and triglyceride-rich lipoprotein levels (De Natale et 

al., 2009).  Apart from T2DM, high blood pressure may lead to cardiovascular problems 

and dyslipidemia. Afflicted adolescents have shown a significant decrease in systolic and 

diastolic blood pressure when 2 or more fruits daily were consumed and a lowering of 

systolic blood pressure when vegetables were consumed daily (Damasceno, de Araujo, de 

Freitas, de Almeida, & Zanetti, 2011). These studies indicate that fruit and vegetable 

consumption plays a major role in preventing certain chronic disease states.  

Although fruits and vegetables may help prevent chronic diseases, Mexican-

American children are not consuming an adequate amount of fruits and vegetables per 

day. According to the 2010 United States Department of Agriculture (USDA) Dietary 

Guidelines, 4 to 5 servings for both fruits and vegetables are recommended per day 

(United States Department of Agriculture, 2011). However, Mexican-American children 
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do not meet these recommendations. In a study by Lorson, Melgar-Quinonez, and Taylor, 

(2009), 88.8% of Mexican-American children (2- to 18-year-olds) met fruit 

recommendations and 57.7% met vegetable recommendations according to the 

MyPyramid guidelines. Mexican-American children are not consuming enough fruits and 

vegetables in order to attain the full benefits these foods provide in terms of preventing 

diseases like obesity, T2DM, and cardiovascular disease.  

Factors influencing healthy eating 

Fruit and vegetable consumption can be influenced by many factors such as 

genetic-based taste preferences, socio-economic status (SES), food insecurity, and food 

accessibility in the neighborhood and at home. Also, negative parent modeling and poor 

diet may impede a child’s physical development and health (Alaimo, Olson, Frongillo, & 

Briefel, 2001; Bell & Tepper, 2006; Dave, Evans, Pfeiffer, Watkins, & Saunders, 2010; 

Martin, Lee, Couch, Morrison, & Woo, 2011; Nord, Andrews, & Carlson, 2005; Singh, 

Siahpush, Hiatt, & Timsina, 2011; Swinburn, Egger, & Raza, 1999; Turnbull & Matisoo-

Smith, 2002; Wang & Zhang, 2006; Worobey, Ostapkovich, Yudin, & Worobey, 2010).  

Genetic Food Preferences 

A positive relationship between obesity and genetic markers has been identified 

through previous research. However, other genetic markers for taste have been found to 

be associated with fruit and vegetable intake, which may be another factor affecting 

obesity. Researchers investigated a possible overlap between genetics of obesity and diet, 

which included the analysis of fruit and vegetable consumption, macronutrients, energy, 

and BMI of parents and their adult children. A negative correlation was found between 

BMI and fruit and vegetable intake (Martin, Lee, Couch, Morrison, & Woo, 2011). 



	  

	  

9	  

Vegetable and fruit consumption was classified as heritable based on the results of the 

study, which may be explained by taste preferences.  A compound known as PROP      

(6-n-propylthiouracil) has a bitter and sometimes sweet taste, which has been used in 

various studies to determine if people have different sensitivity when tasting this 

compound (Drewnowski, Henderson, & Shore, 1997). Research has found that subjects 

are more likely to dislike the bitter PROP solution if they are more sensitive to bitterness. 

This suggests that those who are more sensitive to bitter tasting foods like certain 

vegetables (e.g. cruciferous), would most likely not consume these products. In terms of 

sensitivity to the bitter taste of PROP, studies categorize subjects into three groups: non-

tasters, medium tasters, and supertasters. Young children were more likely to consume 

bitter tasting vegetables if they were nontasters rather than tasters of PROP. For example, 

preschool aged children who were nontasters have been observed to accept spinach and 

cruciferous vegetables like broccoli (Bell & Tepper, 2006; Turnbull & Matisoo-Smith, 

2002). In the Bell and Tepper (2006) study, children who were nontasters were more 

likely to consume 0.5 cups per day more of vegetables than tasters. Keller and Tepper 

(2004) showed that girls who were PROP tasters had a higher BMI when compared to 

nontasters indicating that these participants were less likely to have consumed bitter-

tasting vegetables, which may result in low overall vegetable consumption.  These studies 

were mainly composed of Caucasian, middle-to-high SES preschoolers.   

Lumeng, Cardinal, Sitto, and Kannan (2008) examined low SES families with 

preschoolers in a Head Start program; about 53% of the subjects were nonwhite. Children 

who had a higher BMI z-score displayed greater sensitivity to the taste of PROP.  

However, race and gender were not associated with PROP. This could have been due to 
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the small sample size. Furthermore, parents whose children who have been identified as 

PROP tasters may have a difficult time in feeding their child healthy foods and may 

resort to giving foods that children may accept. Higher sugar intakes may be a result of 

this and therefore contribute to the child being overweight (Keller & Tepper, 2004). 

As hinted above, there may be an underlying effect of vegetable and fruit 

preference on BMI status. At a minimum, however, these studies suggest that genetic 

factors like tasting preferences play a significant role in determining the preference of 

fruit and vegetable intake. Genetic factors aside, other factors like socio-economic status 

may also play a role in influencing fruit and vegetable consumption  

Socio-Economic Status  

There have been studies in regards to the relationship of socio-economic status 

(SES) with overweight and obesity. Populations in poverty have been shown to have the 

highest rates of obesity (Drewnowski & Specter, 2004). Using data from National Health 

Interview Surveys (NHIS) from 1992-2008, participants with <$10,000 in family income 

had the highest prevalence for obesity in comparison to higher family income. From 

1992-2008, there was a 42.3% and 19.2 % significant increase in prevalence of obesity 

and overweight, respectively, in families with incomes of  <$10,000 per year, 

respectively (Singh, Siahpush, Hiatt, & Timsina, 2011). However, this study did not 

segregate family incomes by ethnic groups. Although research suggests poverty and 

obesity are related, a paradox was observed in the Mexican-American population. 

Alaimo, Olson, Frongillo, and Briefel (2001) analyzed Non-Hispanic white and black and 

Mexican-American children (2- to 16-year-olds) using data from NHANES III survey 

from 1988 to 1994. There was no statistical significance association for 2- to 7-year-old 
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children being overweight and living in a low-income family. However, 8- to 16-year-old 

Non-Hispanic white children of low-income families had a significant prevalence of 

overweight; this was not seen in Non-Hispanic black children or in Mexican-American 

children of that age range which was consistent with a later study using NHANES III and 

NHANES 1999-2002 data (Wang & Zhang, 2006).  In the Drewnowski and Specter 

(2004) study, energy costs (US dollars/Megajoule) was identified as having an inverse 

relationship with energy density (MJ/kg). Low energy-dense foods like refined grains, 

fats, or added sugars were considered the low-cost option. Poverty level may not be an 

independent factor for the prevalence of overweight in Mexican-American children but 

SES status along with food insecurity may be a contributing factor. 

Food Insecurity 

Defined by the1996 World Food Summit, food security is “when all people at all 

times have access to sufficient, safe, nutritious food to maintain a healthy and active life” 

(Food and Agriculture Organization Corporate Document Repository, 1998). As of 2004, 

43.9% of low-income households below the 130% poverty level with children had food 

insecurity (Nord, Andrews, & Carlson, 2005).  Low-income, food insecure preschool 

Mexican-American children have been found to have a higher prevalence of poor health 

when compared to Non-Hispanic-White preschool children (Alaimo et al., 2001).  

Analyzing the NHANES 1999-2002 data, Casey et al. (2006) reported 42.4% of food 

insecure Mexican-American children were at risk of becoming overweight or obese. 

However, no association between Mexican-American children’s overweight status and 

child food-security status was found. Another study shows that Mexican-American 

children living with very low food security have been found to consume higher total 
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energy intakes, percentage of calories from fat, calcium, and added sugar (Sharkey, 

Nalty, Johnson, & Dean, 2012). These children were observed to be low in dietary fiber 

and vitamin D intake. A food insecure household with children may have poor health due 

to the family low-income and as a result may lead to childhood obesity.   

Home Environment 

The economic environments in terms of income and costs of foods, and the 

physical environment, referring to the proximity of food outlets in the neighborhood, 

have been suggested as mediating factors in obesity and diet quality (Swinburn, Egger, & 

Raza, 1999; Wang, Kim, Gonzalez, MacLeod, & Winkleby, 2007).  Also, the children’s 

access to fruits and vegetables in the home contributes significantly to the overall 

consumption of these foods (Dave, Evans, Pfeiffer, Watkins, & Saunders, 2009). 

Hispanic parents who promoted fruit and vegetable consumption were considered 

positive role models. As a result, more fruits and vegetables were made available in the 

household for their children. However, those who were unemployed and believed in the 

benefits of fast food consumption had lower amounts of fruit and vegetable accessible in 

the home (Dave et al., 2009). 

Parental Control and Modeling 

As mentioned above, parent modeling may be a factor in a child’s preference for 

fruit and vegetable consumption. Johnson and Birch (1994) found a significant 

association between maternal feeding control and 2- to 4-year-olds girls’ caloric 

compensation. A positive relationship between parental restriction of highly palatable 

foods in daughters and eating in the absence of hunger was identified (Fisher, Birch, 

Smiciklas-Wright, & Picciano, 2000; Fisher & Birch, 2002). The daughters who ate in 



	  

	  

13	  

the absence of hunger were five times more likely to be overweight. A study by Costanzo 

and Woody (1985) had also found a significant association between restraint of 

daughter’s food intake and an increase in daughter’s percentage overweight. Birch and 

Fisher (2000) identified a bidirectional model where the mother-daughter dyads showed 

an association in poorer short-term eating regulation in daughters with maternal feeding 

restrictions. As a result, the daughter’s increase in weight-for-height was promoted by an 

increase in energy intake.  

This mother-child dyad was also observed in the consumption of fruits and 

vegetables. Fisher, Mitchell, Smiciklas-Wright, and Birch (2002) found that 5-year-old 

daughters’ consumption of fruits and vegetables was positively correlated to mother’s 

consumption of fruits and vegetables. In recent findings, Worobey, Ostapkovich, Yudin, 

and Worobey (2010) reported that the more mothers tried and liked vegetables and fruits 

the more that their preschool-aged daughters tried and liked these foods as well. Although 

this study did not find a strong correlation between mother-with-son in trying and liking 

fruits and vegetables, a strong correlation indicated that the more fruits and vegetables the 

sons tried, the more liking of fruits and vegetables occurred.  Mothers or primary 

caregivers may play a critical role in consumption and acceptance of fruits and vegetables 

by preschoolers. However, these studies have mostly examined this relationship in 

mothers and children who are Caucasian. Mexican-American mother-child interactions 

may vary from these patterns due to their culture, socioeconomic status, and access to 

vegetables and fruits. 
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Concerns of inadequate fruit and vegetable consumption 

According to the USDA, children at age 2 should consume 1 cup of fruit and 1 

cup of vegetables daily (United States Department of Agriculture, 2010). Children         

4-years-old should consume 1.5 cups of fruit and 1 to 1.5 cups of vegetables daily 

(United States Department of Agriculture, 2010). Fruit and vegetable consumption has 

become a major concern in the United States because if children are not consuming the 

adequate amount of fruits and vegetables, these children may not be obtaining beneficial 

nutrients for physical development and prevention of diseases. If children are not eating 

fruits and vegetable then what are they eating? In a recent study, 2- to 3-year-old children 

were reported to exceed the maximum discretionary energy allowances set by federal 

recommendations for both solid fats and added sugars by over 98% (Krebs-Smith, 

Guenther, Subar, Kirkpatrick, & Dodd, 2010). The researchers also found that the 

consumption of fruit and vegetable decreased as age increased.  

Basch, Zybert, and Shea (1994) performed a 3-year longitudinal study on New 

York City healthy Latino mothers and their preschool-aged children of low 

socioeconomic status.  The majority of the mothers were born in the Dominican 

Republic, while their children were born in the United States. Results indicated that only 

6.8% of children consumed the daily recommendation of fruits and vegetables as set by 

the Public Health Service at that time (Healthy People 2000: National health promotion 

and disease prevention objectives, 1990). Fruit was consumed more frequently than 

vegetables.  However, 36% of the total fruit and vegetable intake was solely accounted 

for by 100% fruit juice intake. Deep yellow and dark green vegetables were consumed 
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less frequently. A number of micronutrients (vitamins A and C, iron, potassium), 

macronutrients, and fiber showed a significant increasing trend from the lowest quintile 

to the highest in fruit and vegetable intake. Also, children who consumed more fruits and 

vegetables were less likely to drink sugar-sweetened beverages and ate less fried food. 

However, the mean intake of vegetable was only 1.0 serving per day, which did not meet 

the recommended number of servings. 

In another study, researchers examined fruit and vegetable intake according to  

“5-A-DAY” guidelines in healthy white children at age 2 and 5 years of age (Dennison, 

Rockwell, & Baker, 1998). Results showed children’s intake of vegetables was 0.5 

servings per day. Children who consumed more than 0.5 servings per day were found to 

eat vegetables more frequently throughout the day, while the other children only ate on 

one occasion. Fruit juice contributed 54% of fruit servings per day. Vegetable and fruit 

nutrients were analyzed. There was a positive correlation between vegetable consumption 

with both vitamin A and beta-carotene. Fruit and vegetable consumption positively 

correlated with fiber, potassium, and total energy intake. An inverse relationship of fruit 

and vegetable intake was found with saturated fat and total fat. Legumes had a positive 

relationship with vitamin A. Potatoes had a positive correlation with cholesterol and total 

fat. Vitamin C intake was found in both citrus fruits and non-citrus fruit juices due to 

fortification and natural vitamin C. Children were found to not meet RDA when they did 

not consume two servings per day of fruits and vegetables. This suggests that children 

may be consuming too much fat and not receiving enough fiber and other nutrients that 

come from fruits and vegetables.  
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More recent findings on fruit, vegetable, macronutrient, and micronutrient intake 

can be found in the 2008 Feeding Infant and Toddlers Study (FITS), a cross-sectional, 

descriptive, national survey that evaluates dietary patterns in infants, toddlers, and 

preschoolers within the United States. When analyzing the fruit and vegetable 

consumption of 2- and 3-year-old children, 69.7% consumed at least 1 vegetable and 

86.5% consumed at least 1 fruit (Fox, Condon, Briefel, Reidy, & Deming, 2010). 

Looking at the overall dietary intake of macronutrients, percentage of energy from 

carbohydrate, protein, and fat were within the Estimated Average Requirement (EAR) 

(Butte et al., 2010). Percentage of energy from saturated fat was 12%, which is above the 

EAR of <10%. Dietary fiber did not meet the EAR of 19 grams per day. The FITS study 

preschoolers only consumed 10 grams per day.  In terms of micronutrients, a deficiency 

in vitamin E and potassium was observed, while folate, vitamin K, vitamin A, and 

vitamin C met the EAR. These findings were not separated by race or ethnicity but were 

treated as a whole for the sample. Differences in fruit, vegetable, and nutrient intake may 

vary among these groups. 

For example, the concern for fruit and vegetable consumption has also been 

researched in Mexican children. Specifically Perez-Lizaur, Kaufer-Horwitz, and Plazas 

(2008) studied economically deprived, primary school-aged children (7- to 10-year-olds) 

from Mexico City.  Personal and environmental correlates of fruit and vegetable 

consumption were analyzed. On average, children consumed fruits and vegetables once 

per day. Also, girls were likely to eat more fruits than boys. The low fruit and vegetable 

consumption is below the United States average of 2.1 servings per day (Cullen et al., 

2001). However, the Cullen et al. (2001) study did not take into account their low-
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socioeconomic status, which may have resulted in a lower fruit and vegetable 

consumption. If Mexican children were having problems in consuming an adequate 

amount of fruits and vegetables, it would be reasonable to ask if this pattern is similar in 

Mexican-American children.  

Overall, these studies indicate that children, as young as preschool-age in the 

United States are not consuming the recommended amount of fruits and vegetables per 

day. 

Micronutrient deficiencies may reduce health benefits 

As described above, low fruit and vegetable consumption may contribute to 

nutrient deficiencies in the diet, which may reduce health benefits related to these 

nutrients. Common nutrients found in either fruits, vegetables or both are potassium, 

dietary fiber, vitamin C, vitamin E, vitamin K and folic acid. According to the FITS 

study, potassium, fiber and vitamin E were inadequate in preschool-aged children 

according to dietary recommendations (Butte et al., 2010). Positive relationships between 

fruits and vegetable intake with vitamin C, potassium, and fiber were also observed 

(Dennison, Rockwell, & Baker, 1998; Basch, Zybert, & Shea, 1994).  

Many health benefits from nutrient intake are found in fruit and vegetable 

consumption (Van Duyn & Pivonka, 2000).  Adequate amounts of potassium may reduce 

the risk of hypertension, stroke, and heart disease. Vitamin E helps protect the 

polyunsaturated fatty acids in the cell membrane from oxidation. Dietary fiber reduces 

high serum cholesterol levels, moves carcinogens rapidly through the digestive tract, and 

may help control diabetes. Also, a common occurrence found with low fiber intake in 

children is constipation. The risks for constipation decrease as fiber intake of vegetables 
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increase (Maffei & Vicentini, 2011; Comas Vives, Polanco Allue, & Grupo de Trabajo 

Espanol para el Estudio del Estrenimiento en la Poblacion Infantil, 2005). In the FITS 

study, preschool-aged children’s dietary intake showed that vitamin C, vitamin K, and 

folic acid met dietary recommendations (Butte et al., 2010). Food products other than 

fruits and vegetables may contain fortification of these nutrients. Nevertheless, 

preschoolers who consume below the recommended amount of fruits and vegetables may 

reduce their protective benefits found in these foods. This nutrient analysis has been 

shown in mostly Caucasian populations while Mexican-American preschoolers have not 

been examined. 

Research into Mexican-American preschool-aged children in fruit and vegetable 

consumption has been limited. As previously mentioned, the 2008 FITS study contains 

the most recent data with a large sample on dietary intakes and energy consumption in 

preschoolers. Even though FITS targeted a national representative sample containing 

21.3% Hispanics, they were not separated from other ethnic groups during analysis and 

the majority of the families were of middle-socioeconomic status (Briefel et al., 2010). 

Summary and Hypotheses 

Childhood obesity is increasing at an exponential rate in the United States. In the 

Mexican-American population obesity and comorbidities like CHD and T2DM are 

prevalent. Prevention and improvement of certain disease states have been shown with a 

higher consumption of fruits and vegetables. Adults and children in the United States are 

not consuming enough of these foods. Some contributing factors may be genetic food 

preferences, parent modeling, environmental, economic status, and dietary intake.  Some 

research has found Hispanic and Mexican children to be consuming inadequate amounts 
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of fruits and vegetables. However, little to no research has been conducted with Mexican-

American preschoolers in terms of fruit and vegetable consumption. For this reason, a 

comparative study regarding dietary intake related to fruit and vegetable consumption by 

children at 2- and 4-year-olds will be conducted as this thesis project.  

Given the inadequate consumption of fruits and vegetables shown by preschool 

children in previous studies, the aim of this study was to explore nutrient intake in the 

overall diet, actual fruit and vegetable consumption, and its association with weight 

status.  

It was hypothesized that in Mexican-American preschoolers’ overall diet analyses: 

• An increase in percent carbohydrate intake as the children age from 2 to 4 years, 

which will decrease percent protein and percent fat intake (Krebs-Smith, Guenther, 

Subar, Kirkpatrick, & Dodd, 2010). 

• Micronutrient intake, specifically vitamin A, vitamin C, vitamin K, and folate, will 

meet the set DRI values at both time points (Dennison, Rockwell, & Baker, 1998; 

Basch, Zybert, & Shea, 1994; Butte et al., 2010). 

• Micronutrient intakes, specifically vitamin E, potassium, and fiber, will not meet the 

set by DRI values at both time points (Butte et al., 2010, Dennison, Rockwell, & 

Baker, 1998; Basch, Zybert, & Shea, 1994, Sharkey, Nalty, Johnson, & Dean, 2012).  

In separating fruit and vegetable intake from the 48-hour diet recalls: 

• Participants will not meet fruit and vegetable recommendations set by the 2010 

USDA dietary guidelines at age 2 or at age 4 years (Dennison, Rockwell, & Baker, 

1998; Perez-Lizaur, Kaufer-Horwitz, & Plazas, 2008; Lorson, Melgar-Quinonez, & 

Taylor, 2009; Cullen et al., 2001; Basch, Zybert, & Shea, 1994). 
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• Participants will increase in weight status as they age, due to low fruit and vegetable 

consumption (Perichart-Perera et al., 2010; Casey et al., 2006; Martin, Lee, Couch, 

Morrison, & Woo, 2011).  

In contrast to the FITS study, low-income Mexican-American children will solely 

be targeted in this thesis. The literature on dietary intake in Mexican-American 

preschoolers is limited and therefore the results from this project will provide additional 

knowledge on the relationship between fruit and vegetable intake and obesity risk factors 

to aid in the prevention of future health risks in this ethnic age group.   
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III. METHODS 

Subjects 

All subject data were drawn from the Rutgers Infant Nutrition and Growth 

(RING) Project, funded by the National Institute of Child Health and Human 

Development (grants HD 39697 and HD 47338) and approved by the Institutional 

Review Board of Rutgers University. The project had a longitudinal design where the 

children’s data was collected from birth until 5 years of age. Mothers and their infants 

were recruited from the Special Supplemental Nutrition Program for Women, Infants, 

and Children (WIC) Program in New Brunswick, NJ. WIC guidelines for eligibility 

stipulate a gross family income of 185% or below the poverty line (New Jersey 

Department of Health and Senior Services, 2012; United States Department of Health & 

Human Services, 2012). Due to these criteria, all subjects in the RING Project were from 

low-income households, with enrollment restricted to black and Hispanic mothers who 

chose to formula-feed their infants. During the recruitment process, an English or Spanish 

written informed consent, depending on mother’s primary language, was given to the 

mother to enroll herself and her child (Appendix A).  Mothers were notified that with 

their continued consent, home visits would occur at 3-, 6-, 12- months and then only once 

a year approximately at the child’s birthday until the age of 5 years. For the present study, 

only mothers of Mexican origin and their children were included (N = 37). Data used was 

confined to information obtained at the time of enrollment, at the 2-year home visit, and 

at the 4-year home visit.  

Maternal and child demographics and anthropometric measurements 

Mothers enrolling their infant and themselves in the RING Project were asked 
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with the aid of a bilingual research assistant to fill out a demographic form indicating 

their ethnicity, years in school, years living in the United States, home address, and 

contact information (Appendix B). Prepregnancy measurements of maternal height and 

weight and birth information were obtained through the WIC client database where 

participants were registered (Appendix C).  During recruitment, mothers were reminded 

that they would be notified a month before each home visit and that they would be 

compensated for their participation. 

Data collection and home visit procedures 

The month prior to the child’s birthday, mothers were sent postcards reminding 

them of their child’s participation in the RING project. Two weeks later, the project 

coordinator called the mother to schedule the home visit and was asked to verbally 

confirm her and her child’s participation in this project. The home address was confirmed 

during this phone call. Also, mothers were reminded that the data collection would take 

place on two consecutive days. Two Human Subject certified research assistants were 

then scheduled to visit the mother and child. For home visits with Spanish speaking 

mothers, a bilingual research assistant was scheduled to gather data. Specific data 

collected from subjects were the child’s age, anthropometric measurements, and 48-hour 

diet recalls. 

 Day 1 

 On Day 1 of the home visit, the research assistants measured the child’s weight, 

height, and arm circumference. These measurements were recorded on the child’s home 

visit form (Appendix D). Using the dietary recall form found in Appendix E, the research 

assistant questioned the mothers on their child’s eating behavior and whether it was 
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typical or atypical for the previous day (e.g. Child was sick and did not eat much would 

be considered atypical.). The mother was then asked to recall what the child ate and 

drank from 24-hours before the home visit until the time of the visit. Employment of food 

models aided mothers in reporting the amount of food and drink the child consumed 

(Appendix F). A research assistant then verbally confirmed the home visit for the next 

day and left the participant’s home.  

Day 2 

The same research assistants visited mother and child the following day. The 

mother was again asked if the child’s eating behavior was normal or abnormal for the 

previous day. The mother was then asked to report the child’s food and drink intake from 

the day before until the time of the Day 2 visit. After all information was gathered, $30 

compensation was given and the mother signed a receipt confirming payment (Appendix 

G).  

Data Preparation 

Preceding data analysis, dietary recalls collected during home visits by research 

assistants were inputted into Nutritionist ProTM and later reviewed by the research Project 

Coordinator for accuracy. The Nutritionist Pro TM Diet Analysis 2010 was used to 

evaluate total nutrient intakes from food and beverages the child consumed (Axxya 

Systems, Stafford, TX). Nutritionist ProTM Diet Analysis contains an extensive database 

with over 51,000 brand-name foods, ethnic foods, fast foods, ingredients and recipes. The 

software allows for unlimited, additional nutrient input on novel foods and recipes. When 

a food item in a dietary recall was not quantified accurately, available literature was used 

to help assign the correct measurements to be inputted into Nutritionist ProTM.  
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 The RING data was comprised of 109 subjects at 2 years and 84 subjects at 4 

years. However, only 37 subjects comprised this study this study based on complete 

anthropometric measures available at both 2 and 4 years, at least a 24-hour diet recall, 

and having a Mexican-American ethnicity. As shown in Figure 1, subjects excluded were 

those who had incomplete anthropometric measures or incomplete diet recalls (e.g. 

categorized as having an atypical diet). In this thesis, 48-hour diet recalls were collected, 

but at times only a 24-hour diet recall was considered usable because mothers did not 

provide enough information for a second day, the child became sick, or child had an 

atypical diet.  

Using average height and healthy weight as reference, the Estimated Energy 

Requirements (EER) equation was formed for each age group and gender (National 

Research Council, 2006). Children from age 2 to 3 require 1,000 to 1,400 kilocalories, 

with no gender differences in their requirement. However, gender differences in EER are 

considered for children between the ages of 4 and 8; girls are recommended to consume 

1,200 to 1,800 kilocalories and boys 1,200 to 2,000 kilocalories. The kilocalorie range is 

given because children have varied activity levels and accommodate needs at different 

ages. Anthropometric measurements were also calculated using WHO Anthro Software 

(version 3.2.2), provided by the World Health Organization (WHO) to accurately report 

child’s percent BMI-for-age. All data for this study were entered into the IBM Statistical 

Package for the Social Sciences Software (IBM SPSS version 19.0, Armonk, NY).  
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Figure 1: Exclusion criteria for RING participants. 
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IV. RESULTS 

Statistical Analyses 

Descriptive demographics and anthropometric measurements are shown below as 

means and standard deviations. Mean Dietary Reference Intakes (DRIs) are compared to 

subjects’ actual nutrient intakes at both time points using single sample t-tests (National 

Research Council, 2006). Differences between the children at age 2 and 4 in 

anthropometric measures, energy intake, macronutrients, micronutrients, and fruit and 

vegetable consumption are identified using independent sample t-test, paired sample t-

test, or Spearman correlation coefficients. Statistical significance was set at p <0.05 for 

all analyses. 

Demographic and anthropometric characteristics of participants 

The maternal and children demographic characteristics and anthropometric 

measurements are presented in Table 1. Mother’s mean years of school indicated that the 

majority of the mothers did not complete elementary education. Maternal Body Mass 

Index (BMI, kilograms per meter squared) was calculated using the weights and heights 

obtained from WIC. Mothers were shown to have a prepregnancy BMI of 26.9 kg/m2, 

implying that many mothers were overweight. Children included in this study were close 

to the target ages of 2 and 4 years at both time points. Between groups analysis was 

utilized to compare children’s anthropometric measures for weight, height, percent BMI-

for-age and sex. As subjects grew older, a significant increase in weight and height was 

observed (p<0.0001). The means for BMI-for-age percentile were 63.6 ± 29.7 and 75.5 ± 

23.9 for 2- and 4-year-olds, respectively. In a paired sample t-test comparing BMI-for-

age percentile between 2- and 4-year-olds, an increased significant difference was 
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identified (p = 0.036). No relationships were found between mothers’ BMI and children’s 

percent-BMI-for-age at either age.  

Table 1. Characteristics of mothers at time of recruitment and children (n=37). 

  Mother  Child (2 yrs) 

Child (4 

yrs)   

     17 female, 20 male   

Measurements Mean SD†   Mean SD† Mean SD† p-value 
Age (years) 27.2a 5.1 Age (years) 2.02 0.06 3.99 0.01  N/A 

Years of education 7.3a 2.9 Weight (g) 12.9 2.1 17.0 2.0 0.0001 

Years in U.S. 7.5b 2.8 Height 86.4 4.5 101.7 3.3 0.0001 

Prepregnancy BMI 26.9c 5.4 % BMI-for-age 63.6 29.7 75.5 23.9 0.036 

 a Missing data at time of recruitment, n=35. 

 b Missing data at time of recruitment, n=34. 

 c Missing data at time of recruitment, n=28. 

 †SD = Standard Deviation 

N/A = Not applicable for analysis. 

  

To visually illustrate the pattern of this change in children’s BMI, Figure 2 shows 

each participant’s BMI-for-age percentile tracked at both time points. The lines illustrate 

which participants increased or decreased their BMI-for-age percentile as the children 

aged. As shown, some participants remained below the 85th percentile (n=14). Four 

children were above the 85th percentile at age 2 but then dropped below the <85th 

percentile by 4 years of age.  In contrast, 12 participants who were categorized with <85th 

percentile at age 2 were found to have increased to above the 85th percentile by the time 
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they were 4-year-olds. Most alarming were the children who maintained a BMI-for-age 

percentile above the 85th percentile (n=7). About 30% (n=11) of the participants at age 2 

were above the 85th percentile, but by the age of 4 about 51% (n=19) of them were above 

the 85th percentile. 

Figure 2. Comparing percent BMI-for-age at age 2 and 4 years. 

 

2-Year-Old 4-Year-Old 
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Nutrient analysis of the overall diet in 2- and 4-year-olds  

Children at age 2 have different DRIs than when they are 4-year-olds. In 

analyzing the overall diet of the participants, t-tests were used to compare the children’s 

overall macronutrients to the appropriate DRI values (Table 2). Percent carbohydrate, 

protein, and fat were not significantly different from the percent DRI at either age. In 

contrast, fat percentage significantly decreased as the children aged (p<0.01).  However 

in a paired sample t-test between groups, a significant increase in the percent 

carbohydrate from age 2 to 4 was observed (p<0.01).  

Table 2. Paired sample t-test comparing macronutrient means between 2 and 4 year olds. 

 2-Year-Old  4-Year-Old  

Measures DRIa Mean  SD†   DRIa Mean  SD† p-value 

Carbohydrate (%) 45-65 39.1 18.4  45-65 53.1 8.1 0.01 

Protein (%) 5-20 14.2 8.8  10-30 15.9 4.1 0.33 

Fat (%) 30-40 38.5 12.4  25-35 31 6.4 0.01 

Fiber (g) 19 9.6* 6.4   25 9.4* 4.4 0.87 

* Mean is significantly different from the DRI (p<0.001) using one-sample t-test (2-tailed).   

a Dietary Reference Intake     

†SD = Standard Deviation 

 

Fiber intake was significantly below the DRI at both ages (p<0.001). Figure 3 

further illustrates the disparity between the DRI and the children’s intake at both ages.  

The DRI for fiber intake increases as the child ages; in contrast, the subjects’ fiber 

consumption remains relatively the same at both time points and significantly below the 

recommended intake.   
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Figure 3. Fiber intake compared to DRI at 2 and 4 years. 
 

 
 

 

Micronutrients typically found in fruit and vegetables were analyzed, namely, 

vitamins A, C, E, and K, along with folate and potassium (Table 3). Again, t-tests were 

used to compare the children’s overall micronutrients to the appropriate DRI values. 

Relative to the DRI, children at age 2 and 4 had significantly higher intakes of vitamin A, 

vitamin C, and folate (p < 0.001). Although these values were well above the DRI, these 

micronutrients did not exceed the recommended upper limits. Dissimilarly, potassium 

and vitamin E were below the DRI (p < 0.001) at both time points.  
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Table 3. Paired sample t-test comparing micronutrient means between 2- and 4-year-olds. 

 2-Year-Old  4-Year-Old  

Measure DRIa Mean  SD†   DRIa Mean  SD† p-value 
Vitamin A (ug) 300 488.7* 290.7  400 538.7* 262.3 0.39 

Vitamin C (mg) 15 83.6* 68.1  25 98.8* 79.3 0.32 

Vitamin E (mg) 6 1.3* 1.1  7 2.3* 2.8 0.04 

Vitamin K (ug) 30 40 81.7  55 15.3* 9.1 0.08 

Folate (ug) 150 217.9* 116  200 273.1* 109.7 0.04 

Potassium (mg) 3000 1799.2* 814.7   3800 1686.4* 577.3 0.45 

* Mean is significantly different from the DRI (p<0.001) using one-sample t-test (2-tailed). 

a Dietary Reference Intake      

†SD = Standard Deviation 

 

Figure 4 shows the potassium intake for both age groups in comparison to the 

DRI values. The potassium DRI value increased as the children aged, however the 

subjects’ intake in potassium did not increase to meet the recommended intake as they 

aged. In Figure 5, the between age groups analysis for vitamin E intake is illustrated. The 

figure shows that vitamin E DRI value increases as a child ages. Although a significant 

increase in vitamin E intake (p = 0.04) from age 2 to 4 was observed, vitamin E intake 

remained significantly below the DRI value at both time points.  
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Figure 4. Potassium intake compared to DRI at 2 and 4 years. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Vitamin E intake compared to DRI at 2 and 4 years. 
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Presented in Figure 6, vitamin K intake was adequate at age 2 when compared to 

the DRI value of 30ug, but when the subjects reached age 4, vitamin K intake did not 

meet the DRI value of 55ug. Also, a drop in Vitamin K intake from 2-year-old to 4-year-

old subjects was observed.  

Figure 6. Vitamin K intake compared to DRI at 2 and 4 years. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Analysis of fruit and vegetable consumption between 2- and 4-year-olds 

The percentage of children who consumed a specific whole fruit and 100% fruit 

juice at least once in a day is listed in Table 4. Consumption of whole fruit and 100% 

fruit juice are described for both age groups. The highest percentage of children 

consuming specific fruits at age 2 and 4 were for apples, bananas, and oranges.  Among 

the 37 participants, 12 different fruits were consumed at both time points. The 100% fruit 

juice was consistent between age groups. Ranked highest to lowest, children drank 

orange juice, apple juice, mixed juice, and grape juice. 

2-Year-Old 4-Year-Old 

 p = 0.08 
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Table 4. Percentage of children consuming select fruits at least once in a day (n=37). 

2-Year-Old  4-Year-Old 

Whole Fruit % n   Whole Fruit % n 
Apple 40.5 15  Banana 32.4 12 

Banana 18.9 7  Orange 16.2 6 

Orange  13.5 5  Apple 13.5 5 

Grapes 13.5 5  Fruit Salad 5.4 2 

Pear 10.8 4  Grapes 5.4 2 

Watermelon 10.8 4  Pear 2.7 1 

Fruit Salad 5.4 2  Prune 2.7 1 

Strawberries 5.4 2  Peach 2.7 1 

Pineapple 2.7 1  Strawberries 2.7 1 

Plum 2.7 1  Mango 2.7 1 

Cantaloupe 2.7 1  Watermelon 2.7 1 

Honey Dew Melon 2.7 1  Pineapple    2.7        1 

100% Juice % n  100% Juice % n 
Orange Juice 35.1 13  Orange Juice 32.4 12 

Apple Juice 21.6 8  Apple Juice 24.3 9 

Mixed Juicea 16.2 6  Mixed Juicea 16.2 6 

Grape Juice 8.1 3  Grape Juice 5.4 2 

    Mango Juice 2.7 1 

a Mixed juice was classified as two or more 100% juice combined together to form a new type 

of juice (e.g. Apple Grape juice). 

 
In Table 5, vegetables consumed by children at age 2 and 4 are listed. The 

percentage of children consuming vegetables at each age group showed carrots and beans 

were among the highest consumed vegetable at 2 years and remained so at 4 years. As the 
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children aged, the percent of children eating French fries increased from 5.4% to 21.6%. 

In contrast, the consumers of potatoes that were not fried decreased from 21.6% to 5.4%. 

Table 5. Percentage of children consuming select vegetables at least once in a day  (n=37). 

2-Year-Old  4-Year-Old 

Vegetable Item % n   Vegetable Item % n 
Bean 37.8 14  Tomato Sauce 29.7 11 

Potato 21.6 8  French Fries 21.6 8 

Carrot 10.8 4  Bean 18.9 7 

Vegetable Soup 10.8 4  Carrot 13.5 5 

Potato Chip 10.8 4  Corn 13.5 5 

Lettuce 10.8 4  Ketchup 13.5 5 

Tomato Sauce 5.4 2  Potato Chip 10.8 4 

Ketchup 5.4 2  Broccoli 8.1 3 

French Fries 5.4 2  Vegetable Soup 5.4 2 

Tomato 5.4 2  Pea 5.4 2 

Mixed Vegetablesa 5.4 2  Lettuce 5.4 2 

Corn 2.7 1  Potato 5.4 2 

Broccoli 2.7 1  Pepper 2.7 1 

Spinach 2.7 1  Hash Brown 2.7 1 

Peanut Butter 2.7 1  Tomato 2.7 1 

Green Bean 2.7 1  Vegetable Dish 2.7 1 

Squash 2.7 1  Onion 2.7 1 

a Mixture of vegetables with unknown individual amounts (e.g. A combination of peas, 

corn, and carrots.). 

 
Although most children at both time points consumed fruits and vegetables at 

least once per day, the quantity of each fruit and vegetable item was undefined. In order 

to verify if children were reaching the daily recommendations for fruits and vegetables, 
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the means of daily intake were calculated and are reported in Table 6. According to the 

USDA, children at age 2 should consume 1 cup of fruit and 1 cup of vegetables daily. 

Children 4-years-old should consume 1.5 cups of fruit and 1 to 1.5 cups of vegetables 

daily. A between group analysis comparing fruit consumption and vegetable consumption 

showed no significant difference with age. As shown in Table 6, the children consumed 

1.4 cups of fruit at both time points, not significantly different from the recommended 

value. However, children only consumed 0.3 cups of vegetables at age 2 and age 4, which 

was significantly lower than the recommended value at both ages (p<0.001).  

Table 6. Paired sample t-test comparing daily fruit and vegetable consumption means between 

2- and 4-year-olds – mean (standard deviation, SD).  

 2-Year-Old  4-Year-Old  

Measure USDAa Mean  SD   USDAa Mean  SD p-value 
Fruit (cups) 1 1.4 1.3  1.5 1.4 1.2 0.984 

Vegetable (cups) 1 0.3* 0.5  1 - 1.5 0.3* 0.3 0.983 

* Mean is significantly different from the DRI (p<0.001) using one-sample t-test (2-tailed). 

a United States Department of Agriculture: MyPlate    

 
Fruit and vegetable consumption was next split into quartiles. As shown in    

Table 7, children were assigned a number dependent on the quantity of fruit or vegetable 

consumed according to the dietary recommendations. Those participants with a score of 4 

were considered to be high consumers while those who scored a 1 were considered to be 

very low consumers of either fruits or vegetables. The majority of children at age 2 

(62.2%) were ranked at the 4th quartile for quantity of fruit consumed, indicating these 

children were meeting or close to meeting the dietary recommendation of 1 cup. By age 

4, close to half of the children were still consuming the recommended fruit intake 
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(45.9%).   In contrast, vegetable quartiles showed children at age 2 and 4 with low 

consumption of vegetables. At age 2, 70.3% of children consumed little to no vegetables 

and by age 4, 48.9% of children continued to be at the 1st quartile.   

 

 

 

 

 

 

 

 

 

 

 

 

No significant relationship between fruit and vegetable quartiles was found for the 

2-year-olds. However, a strong, positive correlation between fruit and vegetable 

consumption was found in the 4-year-old group (r = 0.507, p = 0.001).  Another 

significantly positive relationship was shown for participants who had a high fruit 

quartile at age 2 having a high fruit score at 4 years of age (r = 0.474, p = 0.003). No 

correlation was found for vegetable intake between 2- and 4-year-olds                                

(r= 0.073, p= 0.670). 

Table 7. Children's fruit and vegetable consumption categorized into fruit and vegetable 

scores (n=37). 

  2-Year-Old 4-Year-Old 

Quartile Percent n Quartile Percent n 

1 27.0 10 1 10.8 4 

2 5.4 2 2 27.0 10 

3 5.4 2 3 16.2 6 

Fruit 

4 62.2 23 4 45.9 17 

Quartile Percent n Quartile Percent n 

1 70.3 26 1 48.9 18 

2 10.8 4 2 24.3 9 

3 2.7 1 3 24.3 9 

Vegetable 

4 16.2 6 4 2.7 1 
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The fruit and vegetable quartile scores were next summed for each age group.  In 

comparing the sum of fruit and vegetable consumption between age 2 and 4, a near 

significant, positive relationship (r = 0.315, p = 0.058) was observed. When splitting by 

gender, boys who were found to have a higher quartile score at age 2 were also higher at 

age 4 (r = 0.488, p = 0.029). In addition, percent BMI-for-age was correlated with fruit 

and vegetable consumption quartiles. A negative relationship was found at age 4 between 

vegetable quartile scores and percent BMI-for-age (r= -0.353, p = 0.032).  
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V. DISCUSSION 

Developing good eating habits including higher fruit and vegetable consumption 

is important for long-term health and physical growth starting as early as the preschool 

years. Pursuant to expected development, the children’s weight and height increased as 

they aged.  The data for this thesis showed the mean Mexican-American mothers’ 

prepregnancy BMI as overweight and the Mexican-American children showed a mean 

increase in BMI-for-age from about the 64th to the 76th percentile as they aged. Although 

maternal BMI and child BMI-for-age did not correlate, about 30% of 2-year-old children 

were above the 85th percentile. Still worse, over half of the participants were above the 

85th percentile by the time the subjects were 4-years-old. The results suggest that these 

children may become or remain overweight in the upcoming years if this trend persists. 

In support of this finding, Whitaker (2004) conducted a study containing low-income 

preschool-aged children and their mothers. Maternal BMI, in the first trimester of 

pregnancy, was categorized as obese or nonobese and compared to their child’s BMI at 2, 

3, and 4 years of age. Having a mother identified as obese more than doubled the risk of 

obesity in children at 2 to 4 years of age. In an early study, a three-generation familial 

trend of obesity was identified for grandparents, parents, and the parents’ school-aged 

children. Positive correlations were found between grandparents’ BMI and parents’ BMI 

as well as between maternal BMI and their children’s BMI (Guillaume, Lapidus, 

Beckers, Lambert, & Bjorntorp, 1995). In a recent study, parental-offspring associations 

were shown between mothers’ BMI and children’s BMI as early as 3 years of age (Fleten 

et al., 2012).  
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Since fruits and vegetables have been identified as influencing factors in obesity 

and disease states, nutrients found in these foods were examined in the present study. As 

predicted, carbohydrate intake significantly increased from 2 to 4 years of age. At the 

same time, a decrease in fat consumption was observed. This could be due to higher 

consumptions of sugar and refined carbohydrates (Perichart-Perera et al., 2010; 

Drewnowski & Specter, 2004). Also, children may have fat and sweet taste preferences 

that have been shown to contribute to weight status. In a recent study, 6-to 9-years old 

girls that preferred fats and sweets had a high probability of being overweight or obese 

(Lanfer et al., 2012).  If more sugar-sweetened beverages and refined carbohydrates are 

consumed, then perhaps fruits and vegetables are being substituted for these unhealthy 

food choices (Krebs-Smith, Guenther, Subar, Kirkpatrick, & Dodd, 2010). An increase in 

carbohydrates has been associated with the rise in sugar-sweetened beverage intake, 

which has been positively associated with obesity and increased risk of certain disease 

states (e.g., diabetes) (Vartanian, Schwartz, & Brownell, 2007).  

The RING participants’ fiber intake did not significantly change as they aged. In 

fact, the children’s fiber intake was on par with preschool-aged children in FITS at about 

10 grams per day (Butte et al., 2010). However, these were significantly low intakes of 

fiber when compared to the DRI values at both time points. In another study on low-

income, Mexican-American, elementary school-aged children, the average of fiber intake 

was 11.6 grams per day, which is slightly higher than both the FITS and RING 

participants (Trevino et al., 1999). Although these Mexican-American children had 

higher fiber intake, they still did not meet the recommended dietary allowances for their 

age. Also, fruit and vegetable consumption was found to be only half of the USDA 
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dietary guidelines for Americans of that time. Since children were not consuming an 

adequate amount of fruits and vegetables, low fiber intake may have been a result.  

The common micronutrients in fruits and vegetables are vitamin A, C, E, K, 

potassium, and folate. As predicted, RING participants met the DRI values set for 

vitamin A, vitamin C, and folate at both time points. The FITS children had even higher 

amounts of vitamin A and folate than the RING participants both ages. This could be due 

to the foods, not including fruits and vegetables that the FITS participants were 

consuming. Many foods are now fortified or enriched with vitamin A (e.g. milk) and 

folate (e.g., bread, dry cereal).  On the other hand, Vitamin C intake was similar in the 

RING and FITS preschool-aged children. The majority of the RING participants 

consumed 100% juice daily, so high vitamin C intake may be attributed to citrus and non-

citrus fruit juices (e.g., orange juice, apple juice) that are fortified with this vitamin 

(Dennison, Rockwell, & Baker, 1998).  An earlier study examining low- to middle-

income Mexican-American preschool-aged children reported adequate intake of vitamin 

C when data was compared to the current DRI values used in this thesis (Zive et al., 

1995). 

Micronutrients that did not meet DRI values were vitamin E and potassium at 

both time points. Although vitamin E intake did increase from age 2 to 4, the increase did 

not meet an adequate intake set by the National Research Council (2006). In contrast, 

FITS participants mean vitamin E intake was near the DRI value (6 mg per day) (Butte et 

al., 2010).  However, about 37% of the FITS children did not meet the vitamin E 

adequate intake level. Since the FITS study did not separate by ethnicity, one might 

speculate that of these 37% children not consuming an adequate amount of vitamin E, a 
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large portion may be Mexican-American. Also, similar intakes in potassium were found 

between RING and FITS participants. In another study analyzing Mexican-American 

preschool children (3- to 5-years-old), potassium levels did not meet the Recommended 

Dietary Allowances (RDA) (Mier et al., 2007). Mexican-American children may not be 

consuming enough dark green- and orange-colored vegetables. As found in this thesis, 

only a small percentage of children consumed these the specified colored vegetables. 

Fruits like bananas, peaches, and prunes contain potassium. As reported in the results, 

only about one-third or less of the participants consumed these kind of fruits at either age 

group. 

In FITS, vitamin K intake met the DRI value for preschool-aged children. The 

RING 2-year-old children also met the DRI value. The recommended value of 30 ug per 

day is for 2-to 3-year-olds, which both the FITS and RING 2-year-olds fall under. 

However, by the age of 4, vitamin K intake was well below the recommend value of      

55 ug per day. In the present study, children did not consume many green, leafy 

vegetables (e.g. spinach), cruciferous vegetables (e.g., broccoli), or fruits (e.g., berries, 

avocado), which are good sources for vitamin K. The inadequate consumption of vitamin 

K, vitamin E, and potassium may increase the risk for heart disease later on in life (Duyn 

& Pivonka, 2000). 

The nutrients mentioned above are found in fruits and vegetables. In order to 

understand why some nutrients met the DRI and others did not, the servings of fruits and 

vegetables were examined. At both time points, children consumed the recommended 

servings for fruit. A previous finding by Lorson, Melgar-Quinonez, and Taylor (2009) 

shows children consumed the recommended MyPyramid value of fruit consumption from 
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2 to 5 years. When Mexican-Americans were split from a larger sample size (2 to 18 

years), these children and adolescents combined only consumed 1.16 cups, which was 

12% below the recommended intake. Also these Mexican-American children had the 

highest consumption of fruit when compared to Non-Hispanic White and Non-Hispanic 

African-Americans, but were still below the recommended intake. Furthermore, Perez-

Lizaur, Kaufer-Horwitz, & Plazas (2008) showed that Mexican children only consumed 1 

serving of fruits and vegetables combined per day. This indicates that more studies need 

to be conducted in Mexican-American preschool-aged children to determine if fruit 

consumption is a greater problem at a younger age or if adolescents need to be targeted. 

On the other hand, vegetable intake in this study when compared to other studies 

confirms that children are not consuming enough vegetables despite ethnic differences. 

Preschool-aged children have been shown to only consume 0.76 cups of vegetables 

(Lorson et al., 2009), which is more than double what the Mexican-American children in 

the RING project consumed at either age. FITS did not go into detail on the amount of 

vegetables consumed on average; however, researchers found that 70% of 2- to 3-year-

olds children consumed at least one vegetable per day (Fox, Condon, Briefel, Reidy, & 

Deming, 2010). According to the USDA food guidelines, one vegetable per day most 

likely does not meet the daily requirement of a one-cup serving in this age group.  

Apart from low vegetable consumption being a concern, some of the highest 

vegetables consumed were tomato sauce and ketchup. Although tomatoes contain 

nutrients such as vitamin A and lycopene, they have little to no dietary fiber while other 

vegetables like beans, carrots, and broccoli are significant sources of dietary fiber. Also, 

from age 2 to 4 years, 10.8% of the children consumed potato chips at each time.  What 
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may be more disturbing is the consumption of French fries having increased by 16.2% 

over the 2-year period. In contrast, children in the FITS study shows a decrease in French 

fries consumption by 2% from children at age 2 years to children at age 3 years (Fox, 

Condon, Briefel, Reidy, & Deming, 2010). However, these children were not separated 

by low-income status or by ethnicity, which may have shown a higher consumption of 

French fries and other fried potatoes. If the increasing trend of fried food consumption 

persists in low-income Mexican American preschoolers, not only may this be causation 

in low vegetable consumption but also may result in poor health later in life.   

Strengths 

There are few studies that focus on low-income Mexican-American samples in 

the United States. This is especially true for preschool-aged, low-income, Mexican-

American children and their fruit and vegetable consumption. The data in this study 

contributes to the literature as it concerns this demographic population. In previous 

research, fruits and vegetable intake patterns in this population was relatively unknown 

and therefore specific recommendations for this ethnic group may have been limited.  In 

future nutrition education, the findings for this homogenous cohort of subjects may help 

target fruit and vegetable consumption in Mexican-American children.  Another strength 

of this study is the comparative data, which allowed analysis of a population over-time as 

opposed to only a snapshot of the population. The 48-hour dietary recalls at both time 

points, helped identify key factors that may affect fruit and vegetable consumption. While 

studies like FITS used validated methods such as telephone interviews, the home visits 

used here helped personalize the dietary records because words for foods can be different 

depending on the person’s Spanish dialect. Home visits were conducted to collect both 
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anthropometric measurements and 24-hour dietary recalls. The bilingual research 

assistant helped break down the language barrier when communicating face-to-face with 

mothers and their children.  

Limitations 

The sample size for this study is relatively small. However, longitudinal data 

collection is both time consuming and labor intensive. Maintaining contact with families 

that often moved, scheduling research assistants in pairs (where one must be bilingual) to 

attend home visits, and traveling to mothers’ homes were all essential to the data 

collection process. Furthermore, from the time of recruitment to the time of the actual 

home visits at age 2 and 4 years, many participants were lost, resulting in a smaller cohort 

and limited data collection. Another limitation in this study was the unavailability of 48-

hour recalls for all children. Due to the child being sick or incomplete diet records 

collected during the home visit, when necessary a 24-hour diet recall was deemed 

sufficient in this study. Accuracy in analyzing dietary recalls was limited to the 

information provided when the diet recalls were collected. Sometimes mothers did not 

accurately estimate foods, so a literature-based approximation of the food portion had to 

be given. Having only a 24-hour diet recall for some subjects may have reduced the 

variability in fruits and vegetables consumed. Also, this study solely focused on low-

income Mexican-American children at age 2 and 4 years; therefore these findings can 

only be applied to this preschool-aged population.  

Conclusion 

Current research shows that adequate fruit and vegetable intake is a problem in 

preschool-aged children and in this study has validated such results. As seen in the FITS 
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study, Lorson et al. (2009) and Perez-Lizaur et al. (2008) studies children at a young age 

are not consuming the adequate amount of fruit and vegetables as recommended by the 

most current 2010 USDA food guidelines. Due to the low intake of fruits and vegetables 

in children that age, key nutrients for physical development and health have been below 

the DRI recommendations. Although not within the scope of this thesis, could 

substitution of foods with higher sugar content and refined carbohydrates for fruits and 

vegetables have led to an unhealthy diet? This would include foods such as sugar-

sweetened beverages (e.g., fruit drinks) and fried foods (e.g., French fries). This 

unhealthy substitution of food may lead to a higher BMI status and other health 

complications. Future studies should explore associations between fruit and vegetable 

consumption with unhealthy food consumption.  However, other factors have been shown 

to influence fruit and vegetable consumption in preschool-aged children, including 

genetic taste preference, socio-economic status, food insecurity, food accessibility in the 

neighborhood and in the home, and parent modeling.  

Future research should continue to examine relationships between these 

influencing factors and fruit and vegetable intake in the Mexican-American population.  

Efforts should be made to reduce the loss of participants. Also, forming a more thorough 

dietary recall protocol that extends to 72-hours or more to increase possible variability in 

fruit and vegetable intake would be recommended. Perhaps more food models could be 

used to help determine portion sizes in fruit and vegetable intake. Nevertheless, 

researchers should be cautioned that mothers might see these food models as the amount 

of food served to their child but not what the child actually consumed. Also, a larger 

sample size of multiple time points would help identify relationships between fruit and 
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vegetable consumption, nutrient intake, and BMI-for-age percentiles. However, more 

dietary information is needed in young, low-income Mexican-American children because 

they are at a high risk for obesity and other comorbidity disease states (e.g., Type 2 

diabetes mellitus, cardiovascular disease). Disease risk factors are increased when 

consumption of micronutrients found in fruits and vegetables is decreased. Overall, the 

results of this study have provided further understanding of fruit and vegetable intake in 

this specific population which may help future studies and help in developing future 

nutrition interventions for preschool-aged, low-income Mexican-American children. 
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