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Abstract

Objectives: United States (US) youth consume an average of 10 teaspoons of added sugar from 

sugar-sweetened beverages (SSB) on any given day. Few population-based studies have examined 

the association between SSB consumption asthma in children and adolescents. This study aimed to 

examine the association between SSB consumption and asthma in the US pediatric population.

Design: Analytical cross-sectional study.

Setting and Participants: A total of 9,938 children aged 2-to-17 years old who participated 

in the 2011-2016 National Health and Nutrition Examination Surveys. SSB consumption was 

categorized into 3 groups based on the caloric intake from 24-hour food recall data as follows: 

1) no consumption (0 kcal/day); 2) moderate consumption (1-499 kcal/day); and 3) heavy 
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consumption (≥ 500 kcal/day). The primary outcome of interest was self-reported current asthma 

condition.

Results: Asthma prevalence estimates were significantly higher in heavy (16.4%) and moderate 

(11.0%) SSB consumers versus non-consumers (7.5%) (p < 0.05 for both comparisons). The 

adjusted odds of asthma were twice that among children with heavy SSB consumption (aOR 

2.01, 95% confidence interval [CI] 1.31-3.08) versus non-SSB consumers. The odds of asthma 

were higher among those who consumed fruit drinks (aOR 2.51, 95% CI 1.55-4.08), non-diet soft 

drinks (aOR 1.89, 95% CI 1.23-2.89) and sweet tea (aOR 1.87, 95% CI 1.13-3.09) compared to 

non-drinkers. The effect was independent of obesity status (p-interaction=0.439).

Conclusions: Findings here suggest a dose-response relationship between SSB intake and 

asthma diagnosis, therefore controlling SSB consumption may potentially improve pulmonary 

health risk in the US pediatric population.
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Introduction

The American Heart Association recommends children ages 2- to-18-years old should 

consume no more than one 8 ounces of sugar-sweetened beverages (SSB) per week,1 yet 

nearly two-thirds of children living in the United States (US) consume at least one SSB on 

any given day.2 Secular trend analysis has reported the prevalence of soft drink consumption 

is decreasing’ 3 while the consumption of other SSB, such as fruit drinks, sweet tea 

and nutrition/energy drinks is significantly increasing among US children. 4 Excess SSB 

consumption is associated with several chronic diseases including obesity, diabetes, dental 

carries, and cardiovascular diseases. 5-7

Previous study suggests SSB consumption is associated with childhood asthma8-12, one 

of the most common chronic childhood diseases.13 Park et al. analyzed data from the 

2009 Youth Risk Behavior Survey and found US high schoolers who drank non-diet soda 

frequently were at a higher risk of being asthmatic compared with those who did not 

drink non-diet soda.8 Similarly, another cross-sectional study found a significant association 

between asthma and SSB intake, and fruit drinks consumption in particular among 11-year-

old children from the Netherlands.9 Data from 2003-2006 National Health and Nutrition 

Examination Survey (NHANES) also suggests asthma risk among children ages 2-to-9 

years old was significantly higher among SSB drinkers than non-drinkers.10 Those previous 

studies from the US and European countries only included sub-samples with a restricted age 

range, therefore the results may not be generalizable to US children out of those age ranges 

included. Moreover, to the best of our knowledge, no previous studies have examined the 

association between SSB and asthma among US children aged 2-to 17-years old.

A recent meta-analysis14 included 10 observational studies involving children up to 18 

years old also indicated a positive association between SSB and asthma. However, the 
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interpretation of findings was limited by the variation in the study population, unmeasured 

confounders, and lack of objective SSB intake measures.14

Hence, we conducted a large-scale, population-based analytical cross-sectional study to 

examine the association between SSB consumption (measured by the actual caloric intake 

from the 24-hour food recall) and asthma among US children and adolescents ages 2-to-17 

years old. Based on previous studies, it was hypothesized that children who consumed SSB 

would have higher prevalence estimates of asthma versus those who do not drink SSB.

Methods

Study population

National Health and Nutrition Examination Surveys (NHANES) from the 2011-2012, 

2013-2014, and 2015 to 2016 (Total n = 29,902) cycles were used for this analysis. 

More than half of the participants were children and adolescents (n=9,956). NHANES is 

a cross-sectional, publicly accessible and continuous survey conducted in a 2-year cycle 

by the National Center for Health Statistics (NCHS) of the Centers for Disease Control 

and Prevention (CDC) to monitor health and nutrition status of the US population.15 For 

each survey cycle, a complex 3-step weighting method is created to represent the US 

noninstitutional, civilian population.

The dietary data from the NHANES is obtained through 24-hour food recalls which asks 

detailed information about all food and beverage intake of respondents in the past 24 hours 

using USDA's dietary data collection instrument (http://www.ars.usda.gov/nea/bhnrc/fsrg). 

Children aged 12 years and above completed the survey on their own. Proxy respondents 

reported for children <5 years. Proxy-assisted interview are conducted among children 

5-to-11 years old. In the 2011-2016 cycle, two nonconsecutive 24-hour recall questionnaires 

were administered on two separate days to the same respondent in order to establish 

the dietary pattern of each individual.16 The reliability of two non-consecutive 24-hour 

dietary recalls was assessed using dietary recall status variables provided by NHANES: 

DR1DRSTZ variable for the Day 1 interview and DR2DRSTZ variable for the Day 2 

interview. Non-reliable responses that did not complete the first 4 steps of the 5-step data 

collection instrument or did not identify eating occasion were excluded in the final analysis 

(n = 18).

Hence, the final analytical sample included children aged 2- to 17- year old who completed 

two 24-hour recalls with reliable responses (n = 9,938). We included 3,888 (37.5%, 95% 

confidence interval [CI] 35.5-39.6%) participants who had no sugar-sweetened beverage 

(SSB) consumption (0 kcal/day) in two 24-hour recalls; and 4,968 (51.0%, 95% CI 

48.9-52.8%) moderate drinkers (defined as 1-499 kcal/day in SSB consumption). Heavy 

SSB drinkers, defined as consumption of ≥ 500 kcal/day in SSB in any two 24-hour recalls 

were the primary independent variable of interest and comprised 1082 (11.5%, 95% CI 

10.6-12.5%) children in this sample. The primary dependent variable was self-reported 

current asthma diagnosis (yes or no).
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Measures

Sugar-sweetened beverage consumption.—In the 24-hour recalls, each consumed 

food or beverage item is assigned with a unique 8-digit food code based on the Food and 

Nutrient Database for Dietary Studies (FNDDS) of the US Department of Agriculture.17 The 

first 3 or 4 digits can be used to identify a specific food subgroup. For example, the first 3 

digit of “924” represents carbonated soft drinks, and the last 5 digits indicate the specific 

types and brand of soda beverages. In this current study, SSB included fruit drinks, non-diet 

soft drinks, sweet tea, energy drinks and flavored water.

SSB consumption among US children were classified into 3 categories according to 

the daily calorie intake from SSB: 1) no SSB consumption: participants reported zero 

calorie intake from SSB in both 24-hour recalls; 2) moderate consumption: participants 

reported 1-499 kcal in SSB consumption over a 24-hour period; and 3) heavy consumption: 

participants consumed 500 kcal or more from SSB over 24 hours. The cut-off of 500 kcal 

was chosen based on a previous study4 which reported this caloric intake is equivalent to 

drinking 1.2 liter of regular soda over 24 hours. Using the 24-hour food recall questionnaire 

to establish an individual dietary pattern is widely accepted and validated in multiple 

studies.18-20

Asthma.—Childhood asthma diagnosis is reported by the child or parent based on 

children’s age and ability to answer the following two question: 1) “Has a doctor or other 

health professional ever told {you/SP} that {you have/s/he/SP has} asthma?” 2) “{Do you/

Does SP} still have asthma?” 1,090 (10.5%, 95% CI 9.8-11.4%) children in this sample 

answered “yes” to both questions and were subsequently categorized as having a current 

asthma condition, which was the primary dependent variable of interest. Current asthma was 

chosen to be the primary dependent variable because CDC utilizes current asthma when 

reporting prevalence estimates.21

Covariates

Based on previous studies,8-12 selected covariates included the following descriptives; child 

age, sex, race/ethnicity (Non-Hispanic White, Non-Hispanic Black, Hispanic, and Other) 

and ratio of family income to poverty. Body mass index (BMI) percentile was also included 

as a covariate because overweight/obesity is a well-established risk factor for the childhood 

asthma22 and SSB consumption is associated with weight gain.5

Statistical analysis

Demographic characteristics of participants were generated by the three SSB consumption 

categories (heavy, moderate and no consumption), respectively. One-way analysis of 

variance (ANOVA) and chi-square analysis was used to compare SSB consumption 

percentage for continuous dependent variables and categorical dependent variables, 

respectively. Univariable logistic regression models generated crude odds ratios (ORs) 

to examine SSB consumption by current asthma (Y/N). The first multivariable logistic 

regression model adjusted for age, sex, race, and family income and generated adjusted 

odds ratios (aORs) of asthma history by SSB consumption. A second multivariable logistic 

regression model was created with the adjustment of above covariates and BMI percentile. 
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Additional sub-group analyses were conducted to determine the odds of asthma diagnosis by 

SSB product types, including fruit drinks, soft drinks, sweet tea, and other SSB (nutrition/

energy drinks and flavored water). Interaction between weight status (obese vs. non-obese) 

and SSB to predict asthma diagnosis was also examined in the multivariate logistic 

regression model using the following interaction term: weight status*SSB consumption.

All analyses in this study applied sampling methods, including the appropriate sample 

weight, stratum variable, and cluster variable, provided by the NHANES and were 

performed in SAS v 9.4 (SAS Institute Inc, Cary, North Carolina). A two-sided p-value 

of 0.05 was used to decide the statistical significance. Data were analyzed from November 

15, 2019, to September 1, 2020.

Results

During 2011-2016, among US children aged 2-to-17 years old, heavy SSB drinkers were 

more likely to be male (60.2%), non-Hispanic white (53.0%), in 1-5th grade levels (30.4%), 

and have family income between 0-99% federal poverty level (FPL) (29.2%). Conversely, 

the majority of non-SSB drinkers in the sample were female (51.0%), non-Hispanic 

white (53.4%), and from high school (35.5%). The weighted demographic information of 

moderate SSB drinkers is also demonstrated in Table 1. The mean BMI percentile was 

significantly higher among heavy SSB drinkers (75.3% vs 70.7% among moderate drinkers 

and 69.7% among non-drinkers, p = 0.029). During two-day food recall interviews, the 

average total amount of sugar consumed among heavy drinkers (mean = 246.9, standard 

error [SE] = 11.4g) was significantly higher than the average total sugar amount ingested 

by non-drinkers (mean = 150.9g, SE = 5.3g) and moderate drinkers (mean = 184.8g, SE = 

4.4g). Mean caloric intake attributed to SSB was 783.9 (SE=31.3) kcal among the heavy 

consumption group, roughly equivalent to two 400kcal/liters of regular soda.4 (Table 1)

Self-reported current asthma prevalence estimates were significantly higher in heavy 

drinkers compared with non-drinkers. Specifically, 16.4% (95% CI 12.8-20.1%) of heavy 

drinkers and 11.0% (95% CI 9.4-12.6%) of moderate drinkers self-reported a current asthma 

condition, respectively, while 7.5% (95% CI 5.8-9.2%) of non-drinkers reported a current 

asthma (p < 0.001 for heavy vs. non-drinkers, and p = 0.006 for moderate vs. non-drinkers, 

respectively). (Figure 1) Age-group specific findings showed asthma was most prevalent 

among heavy SSB consumers ages 12-to-17 years old. Specifically, approximately 1 in every 

5 teenagers who consumed ≥500 kcal per day in SSB reported having asthma (19.7%, 95% 

CI 14.4-25.1%), followed by children aged 2-to 6 years old (17.7%, 95% CI 7.2-28.2%) and 

7-to-11 years old (10.2%, 95% CI 6.2-14.2%). (Data not shown)

Table 2 illustrates the odds of current asthma by SSB consumption categories in 3 logistic 

regression models. First, the crude model showed that compared to children who did not 

consume SSB, any SSB consumption regardless of the amount (in other words, moderate 

and heavy SSB consumption combined) was significantly associated with current asthma 

(OR 1.70, 95% CI 1.25-2.32), and odds were highest among heavy drinkers (OR 2.43, 95% 

1.64-3.60). The second model adjusted for age, sex, race/ethnicity, and family income found 

the odds of having current asthma continued to be highest among heavy drinkers (adjusted 
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OR [aOR] 2.02, 95% CI 1.33-3.05). In a final, fully adjusted model that also included 

BMI percentile as a covariate, the odds of having current asthma were significantly higher 

among heavy drinkers (aOR 2.01, 95% CI 1.31-3.08) and moderate drinkers (aOR 1.40, 

95% CI 1.01-1.95) versus non-drinkers. Notably, there was no BMI interaction effect on the 

association between asthma and SSB consumption (p-interaction = 0.439).

Figure 2 shows the adjusted odds of having an asthma diagnosis by SSB types. Among 

9938 participants, nearly one-third (30.3%) reported consuming non-diet soft drinks, while 

16.6% reported consuming fruit drinks and 11.8% sweet tea. A small proportion (3.8%) of 

children reported consuming other types of SSB such as nutrition/energy drinks and flavored 

water. Fruit drink consumption was associated with the highest odds of reporting a current 

asthma condition (aOR 2.51, 95% CI 1.55-4.08). Subsequently, the consumption of non-diet 

soft drinks (aOR 1.89, 95% CI 1.23-2.89) and sweet tea (aOR 1.87, 95% CI 1.13-3.09) was 

associated with approximately 2 times higher odds of current asthma condition. Other SSBs 

were not significantly associated with an increased odds of a self-reported asthma condition.

Discussion

We report here the national prevalence of self-reported asthma diagnosis among children 

aged 2-to-17-years old by SSB consumption level based on caloric intake using the 

2011-2016 NHANES datasets. Overall, results support our hypothesis that the weighted 

prevalence estimates of current asthma among US children were about nine percentage 

points higher in heavy SSB drinkers (16.4%) versus non-drinkers (7.5%). After model 

adjustment for key demographic variables and BMI percentile, the odds of current asthma 

were about 2 times higher in children who consumed ≥ 500 kcal/day in SSB over 24 

hours compared to those who reported no SSB consumption. Moreover, after controlling for 

covariates and the amount of consumption, fruit drinks, non-diet soft drinks and sweet tea 

were associated with higher odds of current asthma condition compared to no consumption.

Similar to the present study, several previous studies8-12,14 suggest the intake of sugary 

drinks is associated with an asthma diagnosis in pediatric populations worldwide. For 

example, a recent meta-analysis14 included 468,836 participants with >50,000 asthma cases 

from 19 eligible publications suggested soft drink consumption was significantly associated 

with childhood asthma (OR = 1.14; 95% CI, 1.06 - 1.21) compared with non-soft drink 

consumers. Our study found the association between asthma and SSB consumption was 

independent of obesity status. This finding was consistent with the results of a prior cross-

sectional study8, which also found that participants’ weight status did not mediate the 

association between SSB consumption and asthma diagnosis among US adolescents.

Furthermore, Park et al. 8 suggested a dose-response relationship between regular soda 

intake and asthma prevalence. Specifically, the more frequent intake of regular soda, the 

higher odds of asthma diagnosis (≥ 3 times/day vs. none: aOR 1.64, 95% CI 1.25- 2.16; 

1 time/day vs. none: aOR 1.28, 95% CI 0.99 – 1.66). The present study also found the 

odds of being asthmatic increased as SSB-attributed caloric intake increased. Compared with 

non-drinkers, heavy SSB drinkers had 2 times higher odds of asthma (aOR 2.01, 95% CI 

1.31-3.08), while moderate drinkers had 1.4 times higher odds (aOR 1.40, 95% 1.01-1.95).
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This analysis found that the consumption of fruit drink, non-diet soft drinks, and sweet 

tea was associated with current asthma, whilst such an association did not emerge among 

children who had other SSB. Given a relatively small sample size of other SSB consumers 

(n=309), in the future, it should be confirmed by a larger study with more statistical power.

Two possible biochemical mechanisms explaining the association between asthma and 

sugary drinks have been previously proposed. First, most SSB use sodium benzoate 

or potassium benzoate as a preservative, which has been shown to cause wheezing 

and exacerbate asthma symptoms,8,23,24 However, a recent longitudinal birth cohort 

study that enrolled 60,466 participants from Denmark found asthma was only positively 

associated with artificially sweetened soft drinks (ASB) consumption, and not with SSB 

consumption.12 Hence, the association between SSB and asthma may be due to other 

components other than preservatives because both ASB and SSB contain preservatives. 

Second, sugar-sweetened fruit drinks in particular contain large amounts of fructose corn 

syrup that might promote inflammation, cause chronic airway mucus hypersecretion, and 

eventually trigger asthmatic episodes.10,25,26 A more recent longitudinal research suggested 

the excess consumption of SSB was associated with 2 ~ 3.5 times higher asthma incidence 

among the US toddlers.27

Some interesting, and perhaps counterintuitive characteristics of heavy SSB consumers 

should be noted. According to the CDC, SSB intake is higher among non-Hispanic Black 

adolescents from low-income backgrounds versus other ethnic groups.2 Yet here the analysis 

showed that the weighted proportion of non-Hispanic White SSB heavy consumers (53.0%), 

was more than twice that of non-Hispanic black (18.3%) and Hispanic (21.5%) regular 

consumers. Also, those of elementary age were most likely to be heavy SSB consumers 

(30.4%) versus middle schoolers (30.0%), high schoolers (24.6%) and high school graduates 

(9.5%). Most importantly, the BMI percentile significantly along with the amount of 

consuming SSB suggesting that SSB consumption is one of the most important dietary 

factors driving the current childhood obesity epidemic.28 Therefore, public health initiatives 

targeting non-Hispanic whites, children/adolescents of all weight categories, and those 

who are preschool age might help control excess SSB consumption in the US pediatric 

population.

This study had some limitations. Because the asthma outcome variable was self-reported, 

differential misclassification of asthma diagnosis may occur and bias the effect estimates 

towards or away from the null, potentially causing either a type I or type II error. While 

analysis comprehensively controlled for key sociodemographic factors, BMI percentile 

and the amount consumed, there may be other potential confounders that have not been 

rigorously controlled that could impact the findings reported here. It also should be noted 

that the 24-hour food recalls only provide a snapshot of an individual’s diet. Although we 

used the actual calories intake to measure the SSB consumption, inter-individual variation 

may exist, resulting in residual confounding. Finally, a temporal or causal relationship 

between SSB intake and asthma cannot be established because of the cross-sectional nature 

of our study.
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Conclusions

Analysis here suggests a dose-response relationship between SSB intake and asthma 

diagnosis. Specifically, the adjusted odds of current asthma were about 2 times higher 

in children who consumed > 500 kcal/day in SSB, and 40% higher in children who 

consumed 1-499 kcal/day in SSB over 24 hours compared to those who reported no SSB 

consumption. Children who consumed fruit drinks reported the highest odds of asthma 

diagnosis. Longitudinal studies that can establish a temporal relationship between asthma 

diagnosis and SSB consumption should be conducted that can in turn inform pediatric 

clinical care, particularly among those caring for children and adolescents with asthma.
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Figure 1. 
Weighted current asthma prevalence by sugar-sweetened beverage consumption, NHANES 

2011-2016.

Note.

No consumption: participants who did not report any sugar-sweetened beverage 

consumption (0 kcal/day) in two 24-hour recalls; Moderate consumption: participants who 

consumed 1- 499 kcal/day in sugar-sweetened beverages; Heavy consumption: participants 

who consumed ≥ 500 kcal/day in sugar-sweetened beverages.
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Figure 2. 
Adjusted odds of current asthma by sugar-sweetened beverage product type.

Note.

No sugar-sweetened beverage consumption is the reference group (n=3888, 37.5%).

Multivariable logistic regression adjusted for age, sex, race/ethnicity, family income, body 

mass index percentile, and SSB consumption status (non-drinker vs. heavy drinker and 

non-drinker vs. moderate drinker).

Xie et al. Page 11

J Asthma. Author manuscript; available in PMC 2022 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Xie et al. Page 12

Table 1.

Demographic characteristics of children ages 2-to-17 years old by sugar-sweetened beverage consumption, 

NHANES 2011-2016 (n=9,938).

No sugar-
sweetened beverage

consumption
a

(n = 3888)

Moderate sugar-
sweetened
beverage

consumption
b

(n = 4968)

Heavy sugar-
sweetened
beverage

consumption
c

(n = 1082)

p-value

Age, weighted mean (SE) 8.1 (0.2) 9.8 (0.1) 11.5 (0.2) <0.001

 2-6 years, N (weighted %) 1742 (41.2) 1612 (26.7) 179 (12.4)

 7-11 years, N (weighted %) 1224 (29.4) 1707 (31.6) 374 (29.8)

 12-17 years, N (weighted %) 922 (29.4) 1649 (41.7) 529 (57.8)

Sex, N (weighted %) <0.001

 Male 1947 (49.0) 2487 (50.0) 628 (60.2)

 Female 1941 (51.0) 2481 (50.0) 454 (39.8)

Race/Ethnicity, N (weighted %) <0.001

 Non-Hispanic White 1013 (53.4) 1210 (51.8) 286 (53.0)

 Non-Hispanic Black 871 (12.3) 1357 (14.8) 358 (18.3)

 Hispanic 1126 (21.2) 1749 (25.7) 326 (21.5)

 Other 878 (13.1) 652 (7.7) 112 (7.1)

Education level, N (weighted %) <0.001

 Kindergarten 313 (7.3) 421 (7.2) 64 (5.5)

 1-5th grade 1230 (29.7) 1739 (33.0) 378 (30.4)

 6-8th grade 500 (15.9) 869 (21.4) 276 (30.0)

 9-11th grade 362 (11.6) 660 (17.2) 224 (24.6)

 High school graduate 1483 (35.5) 1279 (21.2) 140 (9.5)

Family income, N (weighted %) 0.020

 ≥400% FPL 695 (25.0) 652 (20.7) 149 (20.2)

 200-399% FPL 779 (23.6) 1056 (27.6) 208 (25.2)

 100-199%FPL 865 (21.3) 1324 (23.5) 296 (25.4)

 0-99% FPL 1549 (30.1) 1936 (28.2) 429 (29.2)

BMI percentile, weighted mean (SE) 69.7 (1.2) 70.7 (0.8) 75.3 (1.5) 0.029

Sugar amount (g), weighted mean (SE) 
d 150.9 (5.3) 184.8 (4.4) 246.9 (11.4) <0.001

Calories intake from SSB (kcal), weighted mean (SE) 
e 0 (0) 135.3 (3.9) 783.9 (31.3) <0.001

Note.

Weighted percentage and means. One-way ANOVA test for continuous variables. Chi-square test for categorical variables.

BMI, body mass index; FPL, federal poverty level.

a
No sugar-sweetened beverage consumption: participants who did not report any sugar-sweetened beverages consumption (0 kcal/day) in two 

24-hour food recalls.

b
Moderate sugar-sweetened beverage consumption: participants who consumed 1- 499 kcal/day sugar-sweetened beverages.
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c
Heavy sugar-sweetened beverage consumption: participants who consumed ≥ 500 kcal/day sugar-sweetened beverages.

d
Total amount of sugar consumed per day.

e
Average calories consumed per day from sugar-sweetened beverage.
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Table 2.

Crude and adjusted odds of current asthma by sugar-sweetened beverage drinker consumption level.

Current asthma diagnosis

Odds ratio 95% CI p-value

Model 1 
a 

 Moderate consumption (1-499 kcal/day) 1.53 1.12-2.09 0.008

 Heavy consumption (≥ 500kcal/day) 2.43 1.64-3.60 <0.001

 Combined Moderate and Heavy Consumption (≥ 1 kcal/day) 1.70 1.25-2.32 0.001

Model 2 
b 

 Moderate consumption (1-499 kcal/day) 1.41 1.01-1.96 0.044

 Heavy consumption (≥ 500kcal/day) 2.02 1.33-3.05 0.001

Combined Moderate and Heavy Consumption (≥ 1 kcal/day) 1.52 1.09-2.11 0.014

Model 3 
c 

 Moderate consumption (1-499 kcal/day) 1.40 1.01-1.95 0.047

 Heavy consumption (≥ 500kcal/day) 2.01 1.31-3.08 0.002

Combined Moderate and Heavy Consumption (≥ 1 kcal/day) 1.51 1.08-2.11 0.017

Note.

No sugar-sweetened beverage consumption is the reference group.

a
Model 1: crude model.

b
Model 2: Adjusted for age, sex, race/ethnicity and family income.

c
Model 3: Adjusted for age, sex, race/ethnicity, family income and body mass index percentile.
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