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Abstract

Background—High intake of sugar-sweetened beverages (SSB) has been suggested to 

contribute to the pediatric obesity epidemic, however, how the home food environment influence 

children’s intake of SSB among Hispanic families is still poorly understood.

Objectives—To evaluate the relationships between the home food environment and Hispanic 

children’s diet in relation to weight status and insulin resistance (IR).

Methods—A food frequency questionnaire was administered to 187 Hispanic children (ages 10 

to 14 years), and anthropometrics were measured. IR was estimated from fasting insulin and 

glucose levels using the homeostasis model assessment of insulin resistance (HOMAIR). Parents 

reported on family demographics and the home food environment. A structural equation modeling 

approach was applied to examine the hypothesized relationships among variables.

Results—The prevalence of childhood overweight and obesity was 52.8% and it was positively 

associated with HOMAIR (β=0.687, P <.0001). Children’s SSB consumption was positively 
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associated with children’s BMI z-score (β=0.151, P <0.05) and subsequently to HOMAIR. 

Children’s SSB consumption was predicted by home availability (β=0.191) and parental intake of 

SSB (β=0.419) (P <0.05). The model fit indices [X2 = 45.821 (d.f. = 30, P > 0.01 and < 0.05), X2/

d.f. = 1.53, RMSEA = 0.053 (90% C.I. = 0.016, 0.082), CFI = 0.904] suggested a satisfactory 

goodness-of-fit.

Conclusions—The home food environment and parental diet seem to play an important role in 

the children’s access to and intake of SSB, which in turn predicted children’s weight status.
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Introduction

Excess weight has been documented in children and in adults, and substantially increases the 

risk of cardiovascular disease, dyslipidemia, and Type 2 Diabetes (T2D) [1]. In the United 

States (US), the burden of obesity falls disproportionately on children from minority groups 

where the prevalence of obesity among non-Hispanic White children was 16.1% while that 

for Hispanics children was greater than 23% [2]. Further, obesity greatly increases the risk 

for insulin resistance (IR), a major risk factor for developing T2D, which is also markedly 

higher among Hispanic children when compared to their non-Hispanic White counterparts 

[3].

Food environments that promote diets high in energy-dense, nutrient-poor foods and 

beverages, usually lead to a positive energy imbalance and excess weight gain [4]. Among 

these, sugar-sweetened beverages (SSB) have been a particular concern since SSB 

consumption among youth has almost doubled in the past decades [5]. Because of the 

temporal relationship between these changes and a high degree of association, it has been 

suggested that high intakes SSB can or have contributed to the pediatric obesity epidemic 

[6].

Current research has focused on children’s weight status at the individual level, but there has 

been an increasing interest in the home food environment and how it can influence the 

modifiable risk factors of childhood obesity. Some examples include findings that parental 

support for healthy eating and greater availability of healthy foods at home contribute to 

children’s diet [7]. Similarly, it was also reported that the availability of soft drinks at home 

is positively associated with children’s intake of these beverages. Furthermore, evidence 

from focus groups among Hispanic families regarding SSB consumption suggest that the 

availability of these beverages at home is one of the key factors contributing to high intakes 

of SSB [8]. However, there are no studies to our knowledge further evaluating whether the 

availability of energy-dense, nutrient-poor beverages at home relates to Hispanic children’s 

diet. Therefore, this study aimed to evaluate the associations between familial and individual 

dietary behaviors in relation to Hispanic children’s weight and IR using the structural 

equation modeling (SEM).
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Relationships among familial, parental and children’s diet and biometric (physiological, 

metabolic) indicators have been largely examined by a substantial number of studies using 

multivariate regression analyses [4, 5, 7]. This approach is useful for providing insights into 

direct associations between independent variables and dependent variable. However, the 

SEM is a powerful technique for multivariate analysis that permits simultaneous estimation 

of multiple regression equations of hypothesized associations [9]. In an SEM, the same 

variable can be the dependent variable in one regression equation and the independent 

variable in other regression equations. This study context certainly involves multiple 

relationships among variables since it hypothesizes that parental intake of SSB affects 

children’s intake of SSB, which influences children’s IR through increased weight gain. The 

SEM has its origin in the field of biometric [10] and it became more popular in psychology 

and social sciences [11] given its advantages in flexibility to estimate dichotomous, ordered 

and categorical data under non-normal conditions [12]. Using the SEM approach, the 

present study set out to provide deeper insights into the directional associations among 

children’s IR and an array of individual, parental and familial correlates, as well as to 

explore significant indirect associations.

Materials and Methods

Study population

This study is part of a multi-disciplinary research project between investigators at the 

University of Wisconsin-Madison and the United Community Center (UCC) – Bruce 

Guadalupe Charter School (BGCS) in Milwaukee, WI. Our study focused on a single school 

serving an inner-city Hispanic population experiencing significant health disparities, 

including high rates of childhood obesity and increased risk for T2D. The target population 

was children attending BGCS and their parents. Inclusion criteria were academic attendance 

at the BGCS in grades fifth through eighth (n=300) and Hispanic ethnicity. Recruitment 

included sending descriptive study materials to their homes, and providing oral and written 

information during school family events. The University of Wisconsin Institutional Review 

Board approved the study.

Weight status and insulin resistance assessments

Children’s weight was measured using a beam balance scale and height was measured using 

a stadiometer at school without shoes and in light clothing. Centers for Disease Control and 

Prevention growth charts were used for the definition of childhood overweight and obesity 

[13]. BMI z-score was also examined as a continuous outcome variable. IR was assessed 

using a single blood test of fasting glucose and insulin levels, using the derived homeostasis 

model assessment of IR (HOMAIR). This validated equation [(glucose*0.055)*insulin/22.5] 

provides a reliable assessment of IR in youth and is highly correlated with the gold standard 

of euglycemic clamp studies [14]. Although tanner age may be associated with IR, the 

validation study by Gungor N. et al. [14] demonstrated that HOMAIR was not different 

between adolescents versus pre-pubertal children.
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Dietary intake assessment

Dietary intake was assessed using the food frequency questionnaire (FFQ) Block for Kid’s 

Questionnaire with Hispanic foods [15]. Study personnel administered the questionnaire. 

Individual portion size was asked, and pictures were provided to enhance accuracy of 

quantification. The original questionnaire was validated in numerous studies and in a variety 

of populations, including a validation study among a multi-ethnic population of children 

(57% Hispanic) in which the FFQ was compared to two 24-hour recalls. All reliability intra-

class correlations were >0.30, except for energy coming from protein [16]. The survey was 

pre-tested in a small sample of study participants (n=10) to ensure content coverage and 

comprehension.

Home food environment and family demographics assessments

A literature review was conducted to assess available validated measures to evaluate the 

home environment in relation to children’s diet, where items were taken from the most 

widely used instruments and questions were adapted from validated home environment 

surveys [7, 17, 18]. The survey development took several iterations and was guided by the 

social ecological theory. Gattshall et al. [17] previously validated a home environment 

survey to evaluate home food availability, including the availability of SSB at home and 

test-rest reliability was reported at r ≥ 0.75 for all single measures. Pilot testing of the survey 

was conducted with parents (n=10) for applicability and comprehension. Family 

demographics were assessed through a self-administered demographic questionnaire for the 

parents. All questionnaires were available in English and Spanish.

Statistical analysis

A total of 188 children were enrolled in the present study. One non-Hispanic white child 

(n=1) was removed from subsequent analysis, and subjects (n=8) with implausible reported 

energy intakes (<500 kcal or >3,500 kcal) were removed from further analysis. New 

variables were created for availability of SSB at home and parental intake of SSB by 

combining responses on soda and fruit drink. Regression models adjusted for children’s age 

and gender were used to evaluate the relationships between children’s diet and BMI z-score 

(SAS software version 9.3, SAS Institute Inc., Cary, NC). In addition to examining pair-wise 

correlation relationships among variables (Tables S1), the SEM approach was employed to 

determine the directional associations among variables (MPlus software, Muthén & Muthén, 

v6.1 Los Angeles, CA).

As the sample size was limited (n=187), the full maximum likelihood estimator (MLE) was 

used in model estimation so that subjects with partially missing data could be retained in the 

sample. To meet the multivariate normality assumption of MLE, multiple variables (parental 

SSB consumption, parental milk consumption, number of years in the US, family income, 

parental BMIs, and children’s HOMAIR) that departed from normality were log-

transformed. Relationships were measured with regression coefficients (β) and their 

statistical significance level was set at P ≤ 0.05. Squared multiple correlations (R^(2)) were 

computed to assess the variation in endogenous variables as explained by the model. The 

model goodness-of-fit was measured by chi-square (χ2), relative chi-square (χ2/d.f.), root 

mean square error of approximation (RMSEA), and comparative fit index (CFI).
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Results

The prevalence of childhood overweight and obesity were 24.7% and 28.1%, respectively 

(Table 1). Mean fasting blood levels of glucose and insulin were used to calculate HOMAIR 

(mean, 4.0 ± 2.5). Children’s reported intake of total sugar was high (31.4 ± 8.5, % total 

energy), and accounted for a large percentage (>50%) of the reported total carbohydrate 

daily intake (58.5 ± 7.5%). Children’s intake of added sugars and SSB were positively 

associated with children’s BMI z-score (β =0.19 and β =0.27, P <0.05) (Table S2).

Table 2 summarizes familial characteristics. Ninety percent of fathers and 67% of mothers 

were overweight or obese. Families were mostly of Mexican descent (77%), while 22% of 

the families were of Puerto Rican descent. Families have lived in the US for 20 ± 10 years 

(y). As for language preferences, 45% of the parents preferred Spanish, 19% preferred 

English, and 43% preferred English and Spanish, while most children preferred both 

Spanish and English (72%). Proxy measures of acculturation, including the number of years 

in the US and language preferences were not associated with children’s BMI z-score or 

HOMAIR (Supplementary Table 3). Further, the odds ratio (95% CI) for childhood 

overweight and obesity were calculated for >16 y versus ≤16 y in the US. For children 

whose families have lived in the US for >16 years there was not a significant association 

with higher odds of being overweight or obese: OR=0.81 (0.45, 1.47) (Data not shown). 

However, the number of years in the US was positively associated with children’s SSB 

consumption. More than half of the families reported having soda (56%) or fruit drinks 

(54%) available at home, while 42% and 38% of the parents reported frequent intake of soda 

and fruit drinks, respectively. Most families reported having milk available at home (83%) 

and 91% of parents consumed milk at least twice per week. Eighty-nine percent of the 

families reported frequently having a meal together as a family, although only 15% reported 

eating out.

The SEM development in this study began with our research hypothesis that the home 

environment contribute to children’s diet, which in turn is associated with children’s weight 

status and IR. The model development went through several iterations estimating all 

variables available. The final model was obtained by including variables that contributed to 

the model goodness-of-fit and fit into our research hypothesis. The study final SEM 

describes the interactions between familial and individual dietary habits; and their correlates 

with children's weight status and HOMAIR. The goodness-of-fit indices were: X2 = 45.821 

(d.f. = 30, P > 0.01 and < 0.05), X2/d.f. = 1.53, RMSEA = 0.053 (90% C.I. = 0.016, 0.082), 

and CFI = 0.904, indicating a satisfactory model fit to data. The model estimation results are 

reported in Figure 1 and Table 3. The path diagram in Figure 1 shows all significant 

standardized regression coefficients (β) along the pathways, and the relationships that were 

included in the final exploratory analysis, but were not significant (dashed lines).

Parental SSB consumption (β = 0.419) and the number of years in the US (β = 0.125) were 

positively associated with SSB home availability. Children’s SSB consumption was 

predicted by SSB home availability (β = 0.191), and negatively associated to children’s milk 

consumption (β = −0.218), which in turn was predicted by parental milk intake (β = 0.167). 

Among the several exogenous variables that exhibited significant associations with 
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children’s BMI z-score, higher BMI in parents (father: β = 0.251; mother: β = 0.209), lower 

family income (β = −0.150), and higher children’s SSB consumption (β = 0.151) were all 

positively associated with children’s BMI z-score. Finally, children’s BMI z-score was 

positively and strongly associated with children’s HOMAIR (β = 0.687).

Table 3 illustrates the direct associations and indirect associations. The relationships 

between the familial and individual dietary habits and children’s HOMAIR were not direct, 

but instead were indirect through children’s BMI z-score. Parental weight status and family 

income were indirectly related to children’s HOMAIR through children’s BMI z-score. 

Children’s SSB and milk consumption were also indirectly associated with children’s 

HOMAIR through children’s BMI z-score. Overall, this model accounted for 47% of the 

variance of children’s HOMAIR, 19% of the variance of children’s BMI z-score, 28% of the 

variance of SSB home availability, and 8% and 3% of the variance of children’s SSB and 

milk consumption, respectively.

Discussion

Familial and individual dietary behaviors were significantly associated with children’s 

HOMAIR through children’s weight status. Reported SSB consumption, parental BMI, and 

family income were all associated with children’s BMI z-score, and with HOMAIR through 

children’s weight status. These findings add to the evidence that Hispanic children’s 

consumption of SSB is associated with obesity and HOMAIR [19–21].

In contrast, another study reported no association between SSB consumption and BMI in 

adolescents even though 65% reported consumption of SSB at least once per day [22]. 

Specifically with respect to Hispanic children, the present study is consistent with a study 

that included 42% Hispanic/Latino children in that daily SSB consumption was positively 

associated with children’s weight status [23]. Further, in a randomized trial aimed at 

reducing the consumption of SSB in in a multiethnic population of adolescents, there was a 

significant reduction in body weight after two years of intervention in the Hispanic 

subgroup. These findings suggest a genetic predisposition in the metabolic profile of 

Hispanic children that lead to a sustained weight loss [24]. Taken together, these data imply 

that SSB consumption contribute to positive energy balance, while reducing SSB 

consumption could have beneficial effects on body weight.

Possible mechanisms for SSB consumption on increased body weight and risk for T2D have 

been previously suggested [25, 26]. Liquid calories coming from SSB have been reported to 

have a less satiating effect than whole foods or beverages of higher nutritional value, such as 

milk, therefore increasing energy intake. In the present study, children’s milk consumption 

was inversely associated with SSB consumption (β = −0.218; P <0.01), suggesting a 

substitution of milk for SSB in their diets, which has been suggested by others [27]. 

Furthermore, diets high in simple sugars, such as fructose, induce weight gain through 

central effects that decrease satiety while stimulating hepatic de novo lipogenesis, leading to 

dyslipidemia and IR. Another possibility is that SSB consumption may be a marker for an 

unhealthy lifestyle. Children with high SSB consumption tend to be more sedentary and eat 

more frequently at fast food restaurants [20, 28].
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In agreement with previous reports, several predictors of children’s SSB consumption were 

found, including home availability and parental intake of SSB [29]. Further, the inverse 

association between children intakes of SSB and milk was mediated by parental intake of 

milk, further suggesting parental influence given their role-modeling capabilities. The 

number of years in the US was directly associated with SSB home availability and indirectly 

associated to children SSB consumption, suggesting that more acculturated families were 

adopting US dietary habits, which are consistent with reports by others [30]. However, the 

number of years in the US or language preference, were not associated with children’s BMI 

z-score or HOMAIR.

Given the cross-sectional nature of the present study, future research is needed to confirm 

the results presented here. SEM results are limited to associations, and directionality cannot 

be proven. This shortcoming can be addressed by conducting longitudinal studies that 

measure the variables across two or more times to confirm the relationships modeled. 

Findings are probably only generalizable to Hispanic families, and are confined to self-

reported measures of diet and home food environment that need to be further validated. 

Although HOMAIR has been validated in youth, the findings presented here should be 

interpreted with cautious given that the results didn’t include tanner stage. Finally, our study 

is one of few consulting within race/ethnic analyses among Hispanic families (77% of 

Mexican descent), which are critical in understanding the underlying mechanisms by which 

the home environment can contribute to Hispanic children’s diet-related risk for obesity and 

IR.

In conclusion, parental diet and the home food environment seem to play an important role 

in children’s access to and intake of SSB, which in turn increases their risk for obesity and 

T2D. SSB consumption provides little nutritional benefit and it may lead to increased energy 

intake with subsequent weight gain. Interventions aimed at reducing consumption of SBB as 

part of a healthy diet seem warranted where families are educated on the benefits of having a 

healthier home food environment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Structural Equation Model with Estimated Parameters for 187 Hispanic Children
Familial and individual correlates of Hispanic children’s SSB consumption, BMI z-score, 

and HOMAIR. Statistically significant path coefficients are presented as: standardized 

regression coefficients (β); dashed lines represent relationships that were included in the 

final exploratory analysis, but were not significant. Model fit: X2 = 45.821 (d.f. = 30, P > 

0.01 and < 0.05), X2/d.f. = 1.53, RMSEA = 0.053 (90% C.I. = 0.016, 0.082), and CFI = 

0.904.
aThese variables were log-transformed to improve multivariate normality.

***P value <0.01; **P value <0.05, *P value ≤ 0.05.
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Table 1

Children Characteristics (N = 187)

n (%) or Mean ±
standard deviation

Gender (male) 88 (47%)

Age (years) 11.9 ± 1.4

BMI z-score 0.9 ± 0.9

BMI percentile categories*

  Healthy weight: ≥ 5 to 85th percentile 84 (47%)

  Overweight: ≥ 85 to < 95th percentile 44 (25%)

  Obese: ≥ 95th percentile 50 (28%)

HOMAIR 4.0 ± 2.5

  Glucose (mg/dl) 89.3 ± 7.2

  Insulin (uIU/ml) 17.9 ± 10.5

Children’s reported dietary intake (n= 174)

  Macronutrients

    Total carbohydrates (% energy) 58.5 ± 7.0

     Total sugar (% energy) 31.4 ± 8.5

    Protein (% energy) 13.6 ± 2.4

    Total fat (% energy) 29.9 ± 4.9

     Saturated fat (% energy) 11.1 ± 2.2

Foods

  Fruits (cups per 1,000 kcal) 1.2 ± 0.7

  Vegetables (cups per 1,000 kcal) 0.7 ± 0.4

  Milk (cups per 1,000 kcal) 1.0 ± 0.8

  Added sugars (teaspoons per 1,000 kcal) 8.5 ± 3.9

  Sugar-sweetened beverages (kilocalories per 1,000 kcal) 72.3 ± 67.5

a
BMI percentile categories for age and sex.

SD, standard deviation; HOMAIR, derived homeostasis model assessment of insulin resistance.
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Table 2

Familial Characteristics (N = 173)

N (%) or Mean ±
standard deviation

Paternal BMI (kg/m2) 29.0 ± 4.9

  Normal weight: BMI ≥ 18.5 to 24.9 9 (10%)

  Overweight: BMI ≥ 25.0 to 29.9 55 (61%)

  Obese: BMI ≥ 30.0 26 (29%)

Maternal BMI (kg/m2) 28.0 ± 5.5

  Normal weight: BMI ≥ 18.5 to 24.9 39 (33%)

  Overweight: BMI ≥ 25.0 to 29.9 42 (35%)

  Obese: BMI ≥ 30.0 39 (32%)

Hispanic Ethnicity

  Mexican American 144 (77%)

  Puerto Rican 43 (23%)

Acculturation Status

  Number of years living in the US 20.2 ± 10.1

  Language preference by parents

    Spanish 73 (45%)

    English 19 (12%)

    Spanish and English 72 (43%)

  Language preference by children

    Spanish 11 (7%)

    English 34 (21%)

    Spanish and English 117 (72%)

Family income ($/year)

  $0 to <23,000 56 (38%)

  $23 to <35,000 41 (28%)

  $35 to <50,000 27 (18%)

  ≥ $50,000 23 (16%)

Typical home food availability (yes)

  Soda 81 (56%)

  Fruit drinks 83 (54%)

  Milk 128 (83%)

Parental reported intake of beverages

  Soda (≥ 2 times per week) 65 (42%)

  Fruit drinks (≥ 2 times per week) 60 (38%)

  Milk (≥ 2 times per week) 140 (91%)

Family dietary habits

  Family meals (≥ 2 times per week) 138 (89%)

  Eating out or having takeout food (≥ 2 times per week) 24 (15%)

SD, standard deviation
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