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A B S T R A C T   

Latino adolescents engage in more obesogenic behaviors, including sedentary behaviors and sugary drink con
sumption, than White adolescents. However, it is unclear whether engagement in obesogenic behaviors differs 
within the Latino population. Cross-sectional data were examined from Latino adolescents ages 13–17 with a 
well-child visit (2016–2019) in an integrated healthcare system. Adolescents self-reported on four daily obeso
genic behaviors: 1) consuming < 5 servings of fruits/vegetables; 2) drinking > 1 juice/soda; 3) exercising/ 
playing sports < 60 min; and 4) > 2 h screen time. A composite variable of ≥ 3 self-reported behaviors was 
constructed. Multivariable logistic regression was used to examine associations between obesogenic behaviors 
with age category (13–15 or 16–17 years), sex, household language preference (English/Spanish), neighborhood 
deprivation index (NDI quartiles), and body mass index (BMI). Among 77,514 Latino adolescents (mean age 14.7 
± 1.4; 50 % female), 23 % lived in Spanish-speaking households, 43 % resided in census tracts with the highest 
(most deprived) NDI quartile, and 45 % had an overweight or obese BMI. Older (vs younger) adolescents had 
higher odds of insufficient fruit/vegetable intake (OR 1.20; CI 1.17–1.24), greater sedentary behavior (OR 1.51; 
1.46–1.56), and reporting > 2 h screen time (OR 1.07; 1.03–1.11). Adolescents in the 4th (vs 1st) NDI quartile 
(OR 1.34; 1.26–1.42) and those with obesity (vs healthy weight) (OR 1.55; 1.42–1.70 for class 3 obesity) had 
higher odds of ≥ 3 obesogenic behaviors. In conclusion, among Latino adolescents, older age, obesity, and living 
in more deprived neighborhoods were associated with greater obesogenic behaviors. Identifying adolescents 
more likely to engage in obesogenic behaviors can inform targeted lifestyle interventions.   

1. Introduction 

Obesogenic behaviors during adolescence, including consumption of 
sugary drinks and sedentary activity, contribute to the growing inci
dence of chronic diseases and adverse cardiometabolic outcomes. (Cote 
et al., 2013; Mayne et al., 2020; Nyberg et al., 2011) Healthy diet and 
exercise behaviors develop during adolescence and can continue into 
adulthood. Adolescence is therefore a critical time window to establish 
healthy behaviors crucial for promoting lifelong health. (Merlo et al., 
2020) In the United States, however, few adolescents meet national 
dietary or physical activity guidelines. (Merlo et al., 2020) In a 2019 
national study, only 23 % of high-school students met the recommended 
≥ 60 min/day of exercise, and though trends of sugary drinks 

consumption have decreased over the past two decades, about 25 % of 
high-school students continued to drink sugary drinks ≥ 1 time/day. 
(Merlo et al., 2020) In addition, these obesogenic behaviors dispropor
tionally affect Latino adolescents. (Mayne et al., 2020; Nyberg et al., 
2011; Merlo et al., 2020; Kann et al., 2018; Bender et al., 2013; Russo 
et al., 2020; Ford et al., 2016; Hanson and Chen, 2007) In particular 
fewer Latino adolescents report eating vegetables ≥ 1 time/day (35 % vs 
47 % among White adolescents), and more Latino adolescents report 
drinking sugary drinks ≥ 1 time/day (about 28 % vs 24 % among White 
adolescents). (Merlo et al., 2020) Similarly, fewer Latino adolescents 
report engaging in ≥ 60 min/day of exercise (21 % vs 26 % among White 
adolescents). (Merlo et al., 2020) Prior studies found that environmental 
and socioeconomic factors such as transportation issues, poor sidewalks, 
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limited playgrounds and safety concerns act as barriers for Latino ado
lescents to engage in physical activity. (Nyberg et al., 2011) Similarly, 
Latino adolescents have more access to unhealthy foods than their White 
peers, (Kann et al., 2018) promoting an unhealthy diet. The fact that 
Latino adolescents engage in more obesogenic behaviors (Mayne et al., 
2020; Nyberg et al., 2011; Merlo et al., 2020) is concerning given the 
high burden of obesity-linked metabolic conditions within this popula
tion. (Nyberg et al., 2011) Identifying and addressing obesogenic be
haviors within primary care settings present opportunities for 
interventions targeting overweight and obesity (Sargent et al., 2011) 
and can support efforts to promote lifelong health and reduce health 
disparities. 

Prior studies evaluating obesogenic behaviors conducted in clinical 
settings found Latino adolescents to be disproportionally affected 
compared to White adolescents, but were not large enough to examine 
obesogenic behaviors within the Latino subgroup. (Bender et al., 2013; 
Patrick et al., 2004; SanGiovanni et al., 2018; Doymaz and Neuspiel, 
2009) By contrast, prior studies that have examined these behaviors 
within Latino subgroups have primarily relied on population surveys. 
(Nyberg et al., 2011; Russo et al., 2020) Although these prior population 
studies captured detailed lifestyle information (e.g., 24-hour diet recalls) 
necessary to identify multiple facets of lifestyle behaviors, their length 
and complexity in administration make them impractical to replicate in 
most routine clinical settings. In this study, we leveraged self-reported 
data on four obesogenic behaviors collected in the context of pediatric 
primary care from a large, contemporary population of Latino adoles
cents in northern California and examined how these behaviors differ by 
patient demographic characteristics and by weight status. Identifying 
Latino adolescents more likely to engage in obesogenic behaviors can 
inform targeted lifestyle interventions for chronic disease prevention. 

2. Research Design and Methods. 

1.1. Study design, setting and population 

This retrospective cross-sectional study utilized electronic health 
record (EHR) data from Kaiser Permanente Northern California (KPNC), 
a large integrated healthcare delivery system providing comprehensive 
care for a racially and ethnically diverse population of 4.3 million 
members. KPNC provides both primary and specialty care in inpatient 
and outpatient settings, with data linked through an integrated EHR, 
and its membership is largely representative of the northern California 
population. A central focus of pediatric primary care is preventive health 
care visits, (Academy, 2021) referred to as well-child care visits. (Coker 
et al., 2013) In this study, we identified 77,514 Latino adolescents ages 
13–17 years who had a well-child visit during 2016–2019 and 
completed a well-check questionnaire. For adolescents who had more 
than one well-child visit during the 4-year study window, only data from 
the first qualifying visit was used. The study was approved by the KPNC 
Institutional Review Board and a waiver of informed consent was ob
tained due to the nature of the study. 

1.2. Lifestyle risk factor measurements 

Information on lifestyle risk factors came from an intake question
naire completed by adolescents during registration for the well-child 
visit and entered into the EHR. The form included the following four 
binary questions relating to daily nutrition and activity: 1) consuming at 
least 5 servings of fruits/vegetables; 2) drinking>12 oz (1 can) of soda, 
juice or sweetened beverage; 3) exercising or playing sports for at least 
60 min; and 4) spending>2 h on screen time. 

1.3. Demographic, socioeconomic status and anthropometric 
measurements 

EHR databases were used to derive sex, race and ethnicity, and pri
mary or preferred household language (English or Spanish). The 

Neighborhood Deprivation Index (NDI) was used as a proxy of neigh
borhood socioeconomic status, based on geocoded place of residence, 
and was derived from US Census track level data pertaining to the 
following socioeconomic indicators: income and poverty, education, 
housing, employment and occupation. (Messer et al., 2006) Body mass 
index (BMI) was calculated from well-child visit measured height and 
weight, with BMI percentiles based on Centers for Disease Control and 
Prevention (CDC) reference data. (Program, 2019) Weight status was 
classified as underweight (BMI < 5th age- and sex-specific percentile), 
healthy weight (BMI 5th to < 85th percentile), overweight (BMI 85th to 
< 95th percentile), and obesity (BMI ≥ 95th percentile), and obesity was 
further categorized as Class I, II, and III obesity (BMI 100 % to < 120 %, 
120 % to < 140 %, and ≥ 140 % of the 95th percentile, respectively). 
(Program, 2019) Adolescents with biologically implausible values (0.03 
%) for height, weight, or BMI, (Program, 2019) underweight adolescents 
(1.8 %), and those with primary language other than English or Spanish 
(0.3 %) were excluded. 

1.4. Statistical analysis 

Variables for each of the four daily obesogenic behaviors were re
ported as: 1) consuming < 5 servings of fruits/vegetables; 2) drinking >
1 juice/soda (12 oz); 3) exercising/playing sports < 60 min; or 4) > 2 h 
of screen time. Given that the majority of adolescents had at least 1 or 2 
of these reported behaviors, a composite outcome of ≥ 3 obesogenic 
behaviors was created as an outcome of interest. Standard descriptive 
statistics were used to examine the proportions within demographic and 
clinical subgroups reporting obesogenic behaviors or ≥ 3 behaviors 
combined. Multivariable logistic regression was used to examine asso
ciations between each obesogenic behavior and the composite outcome 
(≥3 obesogenic behaviors) with age category, sex, language preference, 
NDI, and weight status. All analyses were performed using SAS 9.4 (SAS 
Institute, Cary NC), in 2021. 

2. Results 

A total of 77,514 Latino adolescents (mean age 14.7 ± 1.4 years, 50 
% female) had a well-child visit and completed a well-check question
naire. Nearly-one-fourth (23 %) lived in Spanish-speaking households, 
43 % lived in neighborhoods at the highest (most deprived) NDI quar
tile, and 45 % had overweight or obesity. Over one-fourth (27 %) 
engaged in ≥ 3 obesogenic behaviors (Table 1). Older adolescents (age 
16–17) had higher odds of insufficient fruit/vegetable intake (OR 1.20; 
95 % CI: 1.17–1.24), being more sedentary (OR 1.51; 1.46–1.56), and 
reporting > 2 h of screen time (OR 1.07; 1.03–1.11) compared to 
younger adolescents (age 13–15), but juice/soda consumption was 
similar (OR 1.03; 0.99–1.06). Boys had higher odds of insufficient fruit/ 
vegetable intake (OR 1.17; 1.13–1.20) and excess juice/soda consump
tion (OR 1.29; 1.25–1.33) than girls, but lower odds of being sedentary 
(OR 0.73; 0.70–0.75) and reporting > 2 h of screen time (0.92; 
0.89–0.95). Adolescents in Spanish-speaking households had lower odds 
of insufficient fruit/vegetable intake (OR 0.87; 0.84–0.90) and report
ing > 2 h of screen time (OR 0.93; 0.90–0.97), but higher odds of being 
more sedentary (OR 1.12; 1.08–1.16) than adolescents in English- 
speaking households. 

Differences in the odds of the composite outcome, ≥3 obesogenic 
behaviors, are shown in Fig. 1. Higher NDI quartile was associated with 
a graded increase in obesogenic behaviors (p-trend < 0.01); adolescents 
living in the fourth NDI quartile had 1.3-fold higher odds of reporting ≥
3 obesogenic behaviors (OR 1.34; 1.26–1.42) than adolescents in the 
first NDI quartile. Likewise, higher BMI level was associated with a 
graded increase in obesogenic behaviors (p-trend < 0.001); adolescents 
with class 3 obesity had 1.6-fold higher odds of reporting ≥ 3 obesogenic 
behaviors (OR 1.55; 1.42–1.70) than adolescents in the normal weight 
category. 
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3. Discussion 

In this cross-sectional study conducted in a large integrated health
care delivery system, we found that older Latino adolescents who had 
more severe obesity or lived in more deprived neighborhoods were more 
likely to report obesogenic behaviors. This study adds to prior literature 
showing that high sugary drink intake, low fruit/vegetable intake, 
inadequate exercise and excessive screen time, increase with age during 
adolescence, (Mayne et al., 2020; Russo et al., 2020; Skinner et al., 

2018) and identifies practical targets for primary care intervention. 
Approaches that shape healthy lifestyle behaviors (e.g., reducing soda 
intake and increasing physical activity), including clinical, (Sargent 
et al., 2011; Doymaz and Neuspiel, 2009) school-based (Vézina-Im et al., 
2017) and policy interventions (soda taxes), (Edmondson et al., 2021) 
early in adolescence when behaviors may be more easily influenced are 
especially important. 

Not surprisingly, our study found an association between obesogenic 
behaviors and higher obesity, consistent with prior studies showing that 

Table 1 
Daily obesogenic behaviors reported by Latino adolescents at a well-child visit during 2016–2019.  

Characteristic Total, 
n 

< 5 servings of fruits/ 
vegetables 

> 1 juice or 
soda 

Exercise/play sports for < 60 
min 

Screen time > 2 
h 

≥ 3 obesogenic 
behaviors 

Combined sample 77,514 48 % 30 % 27 % 73 % 27 % 
Age category, years       
13 to 15 53,806 47 % 30 % 24 % 72 % 25 % 
16 to 17 23,708 52 % 30 % 32 % 74 % 31 % 
Sex       
Girls 38,865 46 % 27 % 30 % 74 % 27 % 
Boys 38,649 50 % 33 % 24 % 72 % 27 % 
Language preference       
English 59,664 49 % 29 % 26 % 73 % 27 % 
Spanish 17,850 46 % 31 % 28 % 72 % 27 % 
NDI, quartile       
First (least deprived) 7,864 47 % 24 % 24 % 72 % 23 % 
Second 14,328 48 % 27 % 25 % 73 % 24 % 
Third 22,140 48 % 29 % 26 % 72 % 26 % 
Fourth (most deprived) 32,954 49 % 33 % 28 % 73 % 29 % 
Missing 228 48 % 30 % 31 % 74 % 27 % 
BMI category       
5th to < 85th percentile 42,211 47 % 31 % 24 % 72 % 26 % 
85th to < 95th percentile 15,423 47 % 28 % 26 % 73 % 25 % 
100 to < 120 % >95th 

percentile 
12,611 50 % 29 % 30 % 74 % 29 % 

120 to < 140 % >95th 
percentile 

5,178 51 % 30 % 32 % 75 % 31 % 

≥140 % >95th percentile 2,091 54 % 33 % 38 % 79 % 36 % 

Abbreviations: NDI, neighborhood deprivation index; BMI, body mass index. 

Fig. 1. Multivariablea predictors of ≥ 3 daily obesogenic behaviors reported by Latino adolescents at a well-child visit during 2016 2019. Boldface indicates sta
tistical significance (p < 0.05). aMultivariable logistic regression model including age category, sex, language preference, neighborhood deprivation index and. BMI 
category. Odds Ratios and 95 % Confidence Intervals are shown. bTest for trend, P-trend < 0.01. 
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inadequate physical activity and poor diet contribute to obesity in ad
olescents. (Merlo et al., 2020; Haerens et al., 2010) A meta-analysis 
found that although primary care weight management interventions 
among children and adolescents have minimal effects on BMI, many 
result in healthy behaviors changes. (Sim et al., October 2016) Because 
healthy behavior changes even in the absence of weight loss lead to 
improved health outcomes, such interventions should be encouraged. 
(Sargent et al., 2011; Sc and Defining, 2016) In clinical practice, iden
tifying these modifiable health behaviors affords a unique opportunity 
for pediatricians to provide counseling to address these health-related 
behaviors and referral to more comprehensive lifestyle or weight loss 
programs. (Ford et al., 2016; Coker et al., 2013). 

We also found differences by sex and primary language that persisted 
after accounting for BMI category, age and NDI. For instance, insuffi
cient exercise and higher screen time was more commonly reported by 
adolescent girls compared to boys, whereas boys reported lower intake 
of fruits/vegetables and higher intake of sugary drinks, consistent with 
prior findings. (Mayne et al., 2020; Russo et al., 2020) Similarly, ado
lescents living in Spanish-speaking homes reported higher intake of 
fruits/vegetables and slightly less screen time, but also less exercise than 
adolescents living in English-speaking homes. These unique behavioral 
differences by sex and language preference have implications as these 
can serve as the basis for developing targeted public health and primary 
care interventions. 

It is notable that a majority of our study population lived in more 
deprived neighborhoods, a significant predictor of obesogenic behav
iors. (Hanson and Chen, 2007) While primary care providers typically 
respond to the health issues at hand, it is essential that upstream root 
causes are addressed. These include social determinants of health such 
as food insecurity or lack of green spaces to engage in exercise, (Hanson 
and Chen, 2007; Tebb et al., 2018) problems that are more common in 
deprived neighborhoods. In recent years, a number of multisectoral in
terventions have been implemented across the country and have shown 
promise in their ability to improve coordination of services that address 
both social and health needs. (Tebb et al., 2018) These health care- 
community partnerships can support clinician’s ongoing efforts to pro
mote healthy behaviors in their patients. 

The present study has some limitations. First, the well-check ques
tionnaire responses were based on self-reported behaviors, potentially 
subject to underreporting of unhealthy behaviors, particularly by ado
lescents in the overweight and obese categories, who have a greater 
tendency to underreport. (Stice et al., 2015) Second, the four binary 
nutrition and physical activity questions included in the well-check 
questionnaire are good screener questions that are easy to administer 
during a clinical visit, but they lack detail about the behaviors and could 
introduce misclassification of reported behaviors. Third, the study was 
restricted to adolescents at comprehensive well-child visits (an addi
tional 22 % without well-check questionnaire responses include those 
with unscheduled preventive care at visits for other indications). Hence 
our findings may not represent behaviors in children with chronic dis
ease, major comorbidities, or those who less frequently access preven
tive services. This last group, in particular, may include adolescents from 
low-income families at higher risk for obesogenic behaviors. (Nyberg 
et al., 2011) Fourth, the cross-sectional design limits our ability to draw 
conclusions about the direction of associations (e.g., obesity may lead to 
more sedentary behavior). Fifth, we lacked individual-level socioeco
nomic status and did not have data on other important social de
terminants of health factors. (Centers for Disease Control and 
Prevention. About Social Determinants of Health (SDOH). https://www. 
cdc.gov/socialdeterminants/about.html. Published March 10, 2021) 
Future research should include food and environmental social de
terminants of health factors associated with obesogenic behaviors, such 
as food insecurity and access to healthy food options, transportation 
barriers, safety issues, neighborhood walkability, and access to parks or 
playgrounds. Lastly, our sample was limited to KPNC members seeking 
primary care, thus findings may not be generalizable to the broader U.S. 

Latino population. 

4. Conclusion 

In conclusion, we found that Latino adolescents who were older, had 
more severe obesity, or lived in the most deprived neighborhoods were 
more likely to report obesogenic behaviors. This study underscores the 
need to target lifestyle interventions earlier during childhood and within 
households, and to address systemic and structural barriers that increase 
obesogenic behaviors at the neighborhood level. Our findings also 
support the value of assessing obesogenic behaviors in primary care to 
identify high-risk populations for intervention. Findings from this study 
can help pediatricians and health-care systems identify Latino adoles
cents at the highest risk of developing obesity-related chronic diseases 
and target intervention strategies to mitigate this risk. 
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