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Abstract

 Introduction—Because California is home to one in eight U.S. children and accounts for the 

highest Medicaid and Children’s Health Insurance Program spending, childhood obesity trends in 

California have important implications for the entire nation. California’s racial/ethnic diversity and 

large school-based data set provide a unique opportunity to examine trends by race/ethnicity, 

including understudied Asian and American Indian youth, which has not been possible using 

national data sets. This study examined racial/ethnic disparities in prevalence of high BMI from 

2003 to 2012.

 Methods—This observational study included 11,624,865 BMI records from repeated cross-

sections of fifth, seventh, and ninth graders who underwent California’s school-based fitness 

testing. Analyses conducted in 2015 used logistic regression to identify trends in prevalence of 

high BMI (BMI ≥85th, 95th, and 97th percentiles) and differences in trends by race/ethnicity from 

2003 to 2012.

 Results—African American and Hispanic girls and American Indian boys increased in 

prevalence of high BMI, whereas non-Hispanic white and Asian youth and Hispanic boys 

decreased in prevalence of high BMI (p-values<0.05) from 2003 to 2012. Over this period, 

African American, Hispanic, and American Indian youth had higher slopes for trends in high BMI 

than non-Hispanic white youth (p-values<0.05).
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 Conclusions—Based on California’s statewide data, there is evidence that racial/ethnic 

disparities in prevalence of high BMI have widened over time. Minority youth have either 

decreased more slowly or increased in prevalence compared with non-Hispanic white youth. There 

continues to be an urgent need for policies and interventions that effectively reduce racial/ethnic 

obesity prevalence disparities.

 Introduction

The prevalence of childhood obesity in the U.S. increased at an unprecedented rate from 

1971 to 2000,1 but appears to have leveled off over the last decade.2 Nevertheless, obesity 

remains stubbornly high among adolescents,2 which is worrisome given the associated risks 

for serious health conditions3–5 that increase with severity of obesity.6,7

Of further concern are racial/ethnic disparities in obesity prevalence. African American and 

Hispanic youth have consistently exhibited a higher prevalence of obesity than non-Hispanic 

white youth.2,8,9 The extent to which disparities are changing over time, both at national and 

local levels, is a fundamental metric by which progress can be measured toward meeting the 

Healthy People 2020 goal to “achieve health equity and eliminate health disparities.”10 

Recent studies that have examined changes in disparities have had mixed results. An 

analysis of 1999–2008 National Health and Nutrition Examination Survey (NHANES) data 

did not find differences in obesity trends over time by race/ethnicity,11 but other studies have 

indicated growing disparities at either the national12,13 or local and state levels.14–16 

Incongruous results between the NHANES analysis11 and others may be due in part to a 

relatively small sample size with large SEs for prevalence in NHANES, which limits the 

ability to detect differences in trends by race/ethnicity.

Since 2001, California has collected BMI data on approximately 1 million fifth, seventh, and 

ninth grade public school students annually through its state-mandated FITNESSGRAM© 
assessment.17 These data provide a large enough sample size to examine differences in 

obesity trends by race/ethnicity and include understudied Asian and American Indian youth, 

who have not been represented in NHANES. Additionally, understanding obesity trends in 

California can inform not only state but federal allocation of treatment and prevention 

resources given that California is home to one in eight youth aged <18 years, including 

>25% of the Hispanic, 30% of the Asian, and >10% of the American Indian youth in the 

U.S.18 California is also responsible for the highest Medicaid and Children’s Health 

Insurance Program spending.19

Using BMI data collected through California’s annual FITNESSGRAM© assessment, this 

study examined trends in childhood obesity by race/ethnicity from 2003 to 2012 to ascertain 

whether prevalence of high BMI has increased, stabilized, or declined over the past decade.

 Methods

This study used STROBE recommendations to guide reporting.20
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 Population and Measures

To examine trends in high BMI, annual student-level data from 2003 to 2012 were obtained 

from the California Department of Education (CDE), and total enrollment data were 

obtained from the CDE website.17 Records included gender, grade, age (months), height, 

weight, and race/ethnicity (African American, American Indian/Alaskan Native, Asian 

[including Filipino and Pacific Islander], Hispanic/Latino, and white not of Hispanic origin). 

Designated school personnel (e.g., school nurse or physical education teacher) measured 

student height and weight each spring as part of FITNESSGRAM©, a fitness battery 

developed by the Cooper institute21 that includes six domains (e.g., body composition, 

aerobic capacity, flexibility). CDE FITNESSGRAM© training materials (https://

pftdata.org/) specify that school personnel measure height and weight without shoes in a 

location that provides privacy for the student. On a standard form, height is recorded to the 

last whole inch and weight to the nearest pound. Although school personnel are supposed to 

review training materials to ensure standardized data collection and reporting, compliance is 

unmonitored. However, in Texas, which also mandates FITNESSGRAM©, a study found 

96% agreement between teacher and trained expert FITNESSGRAM© measurements of 

BMI.22

A total of 13,945,046 student records from 2003 to 2012 were examined, representing 

93.5% of fifth, seventh, and ninth graders enrolled during this period. This analysis excluded 

2,127, 220 (15%) records because of missing/invalid data: 1,454 records were missing 

gender; 22,386 were missing or had an implausible age (fifth grader aged <8 years or >13 

years; seventh grader aged <10 years or >15 years; ninth grader aged <12 years or >17 

years); 1,931,157 were missing height or weight; and 172,223 had biologically 

implausible23 height, weight, or BMI or absolute BMI z-score >5. This left 11,817,826 

records with valid BMI and age. In 2011, the CDE changed its race categories to include the 

option of two or more races, which applied to 115,933 (4%) records with valid data in 2011 

and 2012. To improve the consistency of race/ethnicity categories across years, records with 

two or more races were replaced with a single race designation if one race had been reported 

for a student in a prior year (56,976 records, 49% of those with two or more races). Students 

categorized as two or more races without a prior single designation and students with an 

unknown or “other” race (n=192,961) were excluded, leaving an analytic sample of 

11,624,865 youth aged 8–17 years from 2003 to 2012 (83% of CDE records and 78% of 

total enrollment). Because records began to be linked in 2008, only 33% of records were 

linked to another year’s record from 2003 to 2012.

Based on gender- and age-specific BMI percentile, each record was assigned an indicator for 

high BMI for each cut-point: BMI ≥85th (CDC definition of “overweight or obese”24), BMI 

≥95th percentile (CDC definition of “obese”24), and BMI ≥97th percentile. BMI ≥97th 

percentile was included because of the added health risks associated with severe obesity. 

BMI percentiles were determined using BMI z-scores calculated in SAS, version 9.3 using 

CDC’s program.23 The University of California, Berkeley Committee for the Protection of 

Human Subjects approved this research.
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 Statistical Analysis

Prevalence of high BMI in 2012 was calculated overall and by gender, race/ethnicity, and 

age category (8–11 and 12–17 years, similar to those used for NHANES2). Logistic 

regression was used to examine differences in prevalence by these variables, adjusting for 

gender, race/ethnicity, and age, except in stratified models.

To examine trends by race/ethnicity, gender- and race-specific prevalence is presented by 

BMI cut-point for each year from 2003 to 2012. To test for trends by race/ethnicity across 

these years, gender- and race/ethnicity-specific logistic regression models were used in 

which the dependent variable was a binary indicator for high BMI and the independent 

variable of interest was ordinal year. Models adjusted for age and used robust SEs to account 

for clustering by school district and clustering nested within district (e.g., within schools and 

students).

To determine if the trends in prevalence of high BMI differed significantly by race/ethnicity, 

gender-specific logistic regression models were used that adjusted for race/ethnicity and 

included interaction terms for race/ethnicity and ordinal year. Analyses were conducted in 

2015 using Stata IC, version 11.2.

 Results

Of the 11,624,865 student records, 49.1% were Hispanic, 30.0% non-Hispanic white, 12.7% 

Asian, 7.4% African American, and 0.8% American Indian; 49% were female and 51% 

male; and 67% were aged 12–17 and 33% aged 8–11 years. Compared with the analytic 

sample, observations excluded because of missing or invalid data were more like to be 

African American (9.2% vs 7.3%) and American Indian (1.0% vs 0.8%) and less likely to be 

Asian (8.9% vs 12.5%).

In 2012, 38.1% of California public school students were overweight or obese (BMI ≥85th 

percentile), 19.9% were obese (BMI ≥95th percentile), and 13.4% had a BMI ≥97th 

percentile (Table 1). Boys had a higher prevalence than girls, and students aged 8–11 years 

had a higher prevalence than those aged 12–17 years for all BMI cut-points (p-

values<0.001).

Among African American, Hispanic, and American Indian girls, the odds of having a high 

BMI in 2012 were more than twice the odds among non-Hispanic white girls (p-

values<0.001), with disparities increasing with severity of high BMI (Table 2). Asian girls 

had significantly lower odds of high BMI than non-Hispanic white girls for all cut-points. 

Boys displayed similar patterns of disparities (p-values<0.001), with Hispanic and American 

Indian boys exhibiting the highest prevalence. In contrast to the girls, Asian boys had 

significantly higher odds of high BMI than non-Hispanic white boys.

Table 3 presents prevalence of high BMI by gender and race/ethnicity for 2003 to 2012 as 

well as linear trends in prevalence by race/ethnicity. Among girls, African American girls 

experienced a trend of increasing prevalence for all BMI cut-points (p-values<0.001), and 

Hispanic girls had a trend of increasing prevalence for BMI ≥ 95th and 97th percentiles (p-
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values<0.001). Among American Indian girls, the prevalence of high BMI increased above 

prevalence in 2003 for all cut-points; however, these trends were not statistically significant. 

By contrast, Asian girls experienced a trend of decreasing prevalence for all BMI cut-points 

(p-values<0.05), and non-Hispanic white girls had a trend of decreasing prevalence of BMI 

≥85th percentile only (p=0.03). Among boys, only American Indian boys had significant 

trends of increasing prevalence of high BMI (BMI ≥95th and 97th percentiles, p-

values=0.02). By contrast, non-Hispanic white, Hispanic, and Asian boys experienced trends 

of decreasing prevalence of high BMI for all cut-points (p-values<0.05). Table 3 also 

includes mean BMI z-scores by gender, race/ethnicity, and year for comparison. Unadjusted 

trends in prevalence of obesity by race/ethnicity are shown in Figure 1.

Among girls, the largest relative increases in prevalence (difference in prevalence between 

2003 and 2012, divided by 2003 prevalence) were generally observed among African 

American girls, who experienced a 4%, 8%, and 9% relative increase in prevalence of BMI 

≥85th, 95th, and 97th percentiles, respectively. Although trends were not significant among 

American Indian girls, for all BMI cut-points, the magnitudes of relative increases from 

2003 to 2012 (5%, 7%, and 9% for BMI ≥85th, 95th, and 97th percentiles, respectively) 

were similar to those among African American girls. Among boys, American Indian boys 

had relative increases in prevalence of BMI ≥95th and 97th percentiles of 9% and 12%, 

respectively. In both genders, Asian youth had the largest relative decrease in prevalence of 

high BMI, ranging from −5% to −13%.

Tests for interaction compared linear trends in minority youth with those among non-

Hispanic white youth (Table 3). Among girls and boys, African American, Hispanic, and 

American Indian youth had higher slopes for trends in prevalence of high BMI than non-

Hispanic white youth (p-values<0.05) across all cut-points. This indicated that prevalence of 

high BMI among these groups either decreased more slowly or increased compared with 

trends among non-Hispanic white youth. Among boys, trends among American Indian boys 

worsened the most. Trends among Asian youth were not significantly different from those 

among white youth, except that Asian boys decreased in prevalence of BMI ≥97th percentile 

more steeply than non-Hispanic white boys (p=0.04).

By 2012, the prevalence of high BMI across all cut-points returned to or fell below 2003 

levels for non-Hispanic white youth, Asian youth, and Hispanic boys (Table 3). However, 

prevalence in 2012 remained higher than in 2003 for American Indian youth, African 

American girls, and Hispanic girls for all BMI cut-points, as well as for African American 

boys for two cut-points.

 Discussion

Using statewide data from California public schools, prevalence of high BMI in 2012 and 

racial/ethnic disparities in trends in high BMI from 2003 to 2012 were examined among 

fifth, seventh, and ninth graders. In 2012, the prevalence of high BMI was markedly higher 

for African American, Hispanic, and American Indian youth than for non-Hispanic white 

youth, especially for the highest BMI cut-point. Greater disparities at BMI ≥97th percentile 

are especially concerning owing to added risks for serious health conditions3–5 associated 
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with severe obesity.6,7 Disparities have widened over the past decade. Compared with non-

Hispanic white youth, African American, Hispanic, and American Indian youth showed 

significantly less favorable trends in prevalence of high BMI from 2003 to 2012, with 

American Indian boys and African American girls exhibiting the largest relative increases in 

prevalence.

Consistent with a recent NHANES analysis,25 this study detected increasing prevalence of 

obesity among Hispanic girls but not among non-Hispanic white girls. In contrast to 

NHANES,25 increasing prevalence of overweight and obesity was observed among African 

American girls but not boys, highlighting potential regional differences in gender disparities 

among African American youth. Importantly, the present study had a large enough sample 

size to demonstrate that the slopes of the trends among minority youth were significantly 

higher than among non-Hispanic white youth in California. This addresses a limitation of 

NHANES—that relatively small sample sizes hinder detection of small differences in 

obesity trends over time.

This study also addresses the lack of data on trends in American Indian and Asian youth in 

NHANES. The worsening disparities the authors detected for American Indian youth are 

troubling, especially for American Indian boys, the only group of boys who continued to 

increase in prevalence of high BMI through 2012. Other than CDE student records, few data 

sources exist for studying obesity trends in American Indian school-aged youth. One study, 

analyzing a smaller sample of school-based height and weight measurements from students 

in South Dakota, found increasing obesity trends among American Indian youth and 

decreasing trends among white youth from 1998 to 2010.26 Another study conducted in the 

Aberdeen Area (Dakotas, Iowa, and Nebraska) measured height and weight of American 

Indian school-aged children living on eight reservations in 1995–1996 and 2002–2003 and 

found an increasing prevalence of obesity among these youth.27

Despite troubling signs of increasing disparities by race/ethnicity, in the present study, there 

were also signs of improvement. Overall, Asian girls and boys had the largest relative 

reductions in prevalence of high BMI and were the only groups to meet or exceed the 

Healthy People 2020 goal of a 10% relative reduction in childhood obesity28; in 2003, Asian 

girls had a 9.1% prevalence of BMI ≥95th percentile, which fell to 8.2% by 2012—a 10% 

relative reduction, and the prevalence among Asian boys was 17.4% in 2003 and dropped to 

15.3%, a 12% relative reduction. Additionally, non-Hispanic white girls decreased in 

prevalence of overweight (BMI ≥85th percentile), and non-Hispanic white and Hispanic 

boys decreased in prevalence for all BMI cut-points. Although these data cannot reveal the 

causes of these positive changes, these changes may reflect progress achieved in California 

by state and local actions. For instance, California enacted more childhood obesity–related 

bills than any other state from 2003 to 2009.29,30

Based on this study’s findings of widening disparities over time, there is still a clear need for 

wide-reaching action to reduce obesity disparities. Although many policy approaches have 

been recommended to reduce obesity disparities,31 more recently, researchers have begun to 

quantify and rank these approaches on potential impact and cost effectiveness. In a 

simulation study, Kristensen et al.32 found that a nationwide excise tax on sugar-sweetened 
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beverages (SSBs) would reduce adolescent obesity the most, while expanded afterschool 

physical activity would reduce obesity in younger children (aged 6–12 years) the most. 

These policies would both reduce racial/ethnicity disparities in childhood obesity, with SSB 

taxes reducing disparities the most.32 In another study, an SSB excise tax was predicted to 

generate the greatest 10-year savings per dollar spent.33 However, all examined interventions

—an SSB tax, eliminating tax subsidies for child-directed TV ads, early care and education 

policy change, and active physical education— were considerably more cost effective than 

commonly reimbursed medical treatments for obesity.33

Adoption of these policies can be complemented by culturally tailored and targeted 

interventions.34–38 Several warrant further study and replication. For example, Bright Start

—a school-based intervention for kindergarten and first grade American Indian youth on the 

Pine Ridge Reservation—targeted family involvement and food and physical activity at 

school.37 It resulted in a 10% reduction in prevalence of child overweight. Another 

intervention, which aimed to increase availability and promote purchases of healthy foods in 

stores on the Navajo Nation, was associated with reduced adult overweight/obesity.39 

Although impacts on children were not assessed, it is possible that Navajo children could 

also have benefitted because adults shape children’s food environments. Although these 

interventions are promising, what is unclear is if interventions designed for or tested in 

specific reservations would have similar impacts elsewhere. In contrast to other ethnic 

groups, Asian and Pacific Islander American youth have been understudied with there being 

a notable lack of tailored obesity interventions for these groups. This may be because lower 

prevalence of overweight and obesity has been observed among Asian American youth.12,14 

However, compared with Caucasians, Asian children have lower BMIs at a given body fat 

percentage,40 and adults of Asian and Pacific Islander heritage have a higher risk of Type 2 

diabetes at lower BMIs,41 suggesting that Asian and Pacific Islander American youth should 

not be overlooked in obesity prevention efforts.

 Limitations

Although FITNESSGRAM© data provided objective measurements of student BMI from 

across California, this study was limited by uncertainty about data quality.14 Though 

districts are supposed to provide training to FITNESSGRAM© coordinators, documentation 

of school participation in training is not available. Variations in data collection may have 

resulted in reduced precision. Secondly, studying individuals of different ethnic heritages 

(e.g., Filipino and Vietnamese) using a single race category (e.g., Asian) may mask variable 

trends within these groups. Future studies should examine changes in prevalence by specific 

ethnic heritages. Thirdly, in 2011–2012, the CDE added the race designation of two or more 

races. Although this applied to only a small fraction of records, estimates from 2011–2012 

may be slightly skewed if switching race classifications was associated with differences in 

adiposity. Also, the lack of an indicator for SES in the CDE data set precludes examining 

changes in weight status according to student SES; given the strong association between 

SES and obesity, this study may miss differences in trends by SES, limiting the ability to 

target interventions to those groups most in need. Lastly, although this sample included a 

large majority of CDE records (83%), minimizing the impact of missing data, records with 

missing or invalid data were more likely to be from African American and American Indian 
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youth. This suggests that generalizability to the entire population of African American and 

American Indian youth in California is more limited than for other groups. Also, because it 

is possible that children with a higher BMI are less likely to attend school on 

FITESSGRAM© testing days, prevalence estimates in this study may be lower, particularly 

for groups with a higher BMI, than if all children in California were measured.

 Conclusions

Statewide data from California suggest that racial/ethnic disparities in the prevalence of high 

BMI among youth have increased over time, with least progress having occurred among 

American Indian and African American youth and Hispanic girls. These growing disparities 

provide a compelling rationale for investing in policies and environmental interventions that 

are likely to reduce obesity among minority youth.
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Figure 1. BMI≥95th percentile by race/ethnicity from 2003–2012
Error bars indicate 95% CIs and are visualized only for American Indian youth; all other 

ethnicities had negligible SE. Includes 11,624,865 student records from fifth, seventh, and 

ninth grades.
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