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Abstract

Purpose: Studies of the association between ultraprocessed foods (UPF) and cardiovascular 

disease risk factors have been mainly focused on the adult population. This study examined the 

association between usual percentage of calories (%kcal) from UPF and the American Heart 

Association’s seven cardiovascular health (CVH) metrics among U.S. adolescents aged 12–19 

years.

Methods: We used data from the National Health and Nutrition Examination Survey 2007–2018 

(n = 5,565). The NOVA food system was used to classify UPF according to the extent and purpose 

of food processing. Each CVH metric was given a score of 0, 1, or 2 (poor, intermediate, or 

ideal health, respectively). Scores of six metrics were summed (excluding diet) to categorize CVH 

as low (0–7), moderate (8–0), or high (11–12). The National Cancer Institute’s methods were 

used to estimate usual %kcal from UPF. Multivariable linear regression and multinomial logistic 

regression were used to evaluate the association between UPF and CVH.

Results: Among youth, 12.1% had low CVH, 56.3% moderate, and 31.6% high. The mean 

usual %kcal from UPF was 65.7%. Every 5% increase in calories from UPF was associated with 

.13 points lower CVH scores (p < .001). Comparing Q2, Q3, and Q4 to Q1 of UPF intake, the 

adjusted odds ratios for low versus high CVH were 1.43 (95% confidence interval 1.16–1.76), 1.86 

(1.29–2.66), and 2.59 (1.49–4.55), respectively. The pattern of association was largely consistent 

across subgroups.
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Conclusions: U.S. adolescents consume about two thirds of daily calorie from UPF. There was a 

graded inverse association between %kcal from UPF and CVH score.
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NHANES; Odds ratio

Ultraprocessed foods (UPFs) are industrial formulations made entirely or mostly from 

substances extracted from foods (oils, fats, sugar, starch, and proteins), derived from 

food constituents (hydrogenated fats and modified starch), or synthesized in laboratories 

from food substrates or other organic sources (flavor enhancers, colors, and several food 

additives) [1]. UPFs—including chips, cookies, candy, soft drinks, and ready-to-eat products 

such as pizza, instant soup, hot dogs, and chicken nuggets—are usually palatable, low 

in cost, and have a long shelf-life. Studies conducted in several countries, most of them 

using national dietary intake surveys, have shown that UPFs are typically energy-dense 

products, high in calories, added sugar, un-healthy fats, and salt, and low in dietary 

fiber, protein, vitamins, and minerals [2]. Studies carried out in different populations in 

Europe, U.S., and Brazil have shown that high intake of overall UPFs are associated 

with cardiovascular disease (CVD) risk factors such as overweight and/or obesity [3], 

dyslipidemia [4], hypertension [5], metabolic syndrome [6], and type 2 diabetes [7], as well 

as with CVD incidence [8] and mortality [9]. However, most of these studies have focused 

on the adult population [10].

In the 2010 “Strategic Impact Goal Through 2020 and Beyond,” the American Heart 

Association (AHA) identified a set of seven cardiovascular health (CVH) metrics (body 

mass index [BMI], smoking, physical activity, dietary intake, total cholesterol, blood 

pressure, and fasting glucose) that can be modified to lower cardiovascular risk and are 

categorized into three levels (poor, intermediate, and ideal health) [11]. The presence 

of a higher number of ideal CVH metrics is associated with a graded and significantly 

lower risk of CVD incidence and mortality [12,13]. A recent study reported an inverse 

association between UPF and the AHA’s CVH metrics among U.S. adults [14]. A recent 

study reported that the number of adolescents with all seven cardiovascular protective factors 

declined significantly from 27.6% to 9.6% from 1988–1994 to 2011–2016 [15], indicating 

a substantial burden of cardiovascular risk factors among adolescents in the U.S. Although 

a few studies have examined the association between UPFs and individual cardiovascular 

risk factors such as BMI, overweight, obesity, waist circumference, body fat, hypertension 

[10], and metabolic syndrome [6] among adolescents, none have assessed the association 

between UPFs and the AHA’s CVH metrics using nationally representative survey data. We 

hypothesized that high intake of UPF might also be associated with reduced CVH among 

adolescents. In this study, we examined the association between usual percentage of total 

daily calories (%kcal) from UPF and CVH in adolescents, using the 2007–2018 National 

Health and Nutrition Examination Survey (NHANES) data.

Zhang et al. Page 2

J Adolesc Health. Author manuscript; available in PMC 2023 March 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Methods

Data source and participants

NHANES is a large, cross-sectional, nationally representative survey of the U.S. 

noninstitutionalized civilian population conducted by the National Center for Health 

Statistics, Centers for Disease Control and Prevention. Each cycle’s sample is obtained using 

a complex, stratified, multistage probability cluster sampling design [16]. In the Mobile 

Examination Center, NHANES uses the Computer-Assisted Personal Interviewing system 

to collect detailed dietary information of the types and amounts of foods and beverages 

consumed during the previous 24-hour period (midnight to midnight). NHANES 24-hour 

dietary recall data provide calories for each individual food and beverage, and total calories 

for each participant. During the 2007–2018 NHANES cycles, among 7,582 participants aged 

12–19 years who were examined at the mobile examination center, 7,140 had a complete 

and reliable first 24-hour dietary recall. We excluded 1,575 adolescents who had missing 

information on CVH or covariates, leaving 5,565 adolescents for analysis. Study protocols 

for NHANES were approved by the National Center for Health Statistics ethics review 

board. Signed informed consent was obtained from all participants.

Estimated ultraprocessed food

Dietary intake data were collected using up to two 24-hour dietary recalls, administered 

in person during the first recall, and via phone 3–10 days later during the second recall 

throughout the week including the weekends. The 24-hour dietary recalls were administered 

by trained interviewers using the automated multipass method, a research-based, multiple 

pass approach employing five steps designed to enhance complete and accurate food recall 

and reduce respondent burden [16].

Briefly, U.S. Department of Agriculture (USDA) Food and Nutrient Database for Diet 

Studies (FNDDS) uses 8-digit food codes to convert consumed foods and beverages into 

gram amounts and determine their nutrient values. In this study, energy and nutrient contents 

were assigned to foods by using the cycle-specific USDA’s FNDDS [17] and Standard 

Reference (SR) databases (for homemade recipes) [18].

All reported foods and beverages were classified according to NOVA system [1] into 

four groups based on the nature, extent, and purpose of industrial food processing: (1) 

unprocessed or minimally processed foods (e.g., fresh or frozen fruits or vegetables, grains, 

meats, fish, milk/plain yogurt); (2) processed culinary ingredients (e.g., table sugar, plant 

oils, fats, salt, and other substances extracted from foods or nature and used for culinary 

preparations); (3) processed foods (e.g., cheese, canned fruits and vegetables, canned/

smoked/cured meats and fishes, salted nuts, and other foods manufactured with the addition 

of salt or sugar or other culinary ingredients to unprocessed or minimally processed foods); 

and (4) UPFs (e.g., industrial grain foods, sweet or savory packaged snacks, sausages, 

chicken nuggets and other reconstituted meats, sugar-sweetened beverages, and other ready-

to-eat/heat formulations of several ingredients).

For all food items judged to be homemade recipes, the classification was applied to the 

underlying ingredients’ SR codes obtained from the USDA’s FNDDS (USDA SR) [17,18]. 
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Further details on procedures to classify food items according to NOVA [1] and to estimate 

NOVA calorie contributions are described elsewhere [19]. The current analyses focused on 

UPF.

The National Cancer Institute method to estimate the between- and within-person variations 

in intake requires at least some respondents to have multiple days of dietary intake [20]. 

Usual intake distribution estimates were calculated, and adjusted for age in years, sex, race 

and Hispanic origin, the first- or second-day dietary recalls (all participants had a first-day 

and 87.7% had a second-day dietary recall), and the day of the week when 24-hour recall 

was collected (weekday [Monday–Thursday] vs. weekend [Friday–Sunday]).

Cardiovascular health metrics

The definitions of ideal, intermediate, and poor CVH metrics for adolescents are presented 

in Supplemental Table 1. NHANES only collected fasting blood samples among half 

of participants (47.6% of adolescents). In order to maximize the sample size, we used 

hemoglobin A1c values <5.7%, 5.7%–6.4%, and ≥6.5% measured among almost all 

participants as a proxy for fasting plasma glucose levels <100, 100 to <126, and ≥126 

mg/dL, respectively, following the American Diabetes Association recommendations [21]. 

To be consistent with 2007–2014 cycles, data from NHANES 2015 to 2018 cycles were 

adjusted using the backward calibration equation to take into account changes in glucose 

measurement methods over time.

Ideal weight was defined as BMI <85th percentile, intermediate as 85the95th percentile, and 

poor as >95th percentile. BMI was calculated as weight in kilograms divided by height in 

meters squared. Ideal physical activity was defined as ≥60 minutes of moderate or vigorous 

activity daily and intermediate physical activity was defined as 1–59 minutes of moderate 

or vigorous activity daily. Poor physical activity was defined as no daily moderate or 

vigorous activity. Smoking can only be defined as ideal or poor health for adolescents using 

NHANES data. Adolescents whose responses were “never tried” or “never smoked whole 

cigarette” were categorized as ideal smoking health. Poor smoking health was assigned if the 

response was “tried in prior 30 days.” Ideal cholesterol was defined as total cholesterol <170 

mg/dL, intermediate cholesterol as 170–199 mg/dL, and poor cholesterol as ≥200 mg/dL. 

Total cholesterol and plasma glucose were measured with the enzymatic method [16]. Ideal 

blood pressure was defined as blood pressure <90th percentile, intermediate as 90th–95th 

percentile, and poor as >95th percentile. For adolescents aged 18–19 years, ideal blood 

pressure was defined as untreated blood pressure <120/80 mm Hg; intermediate as untreated 

blood pressure 120–139 mm Hg/80–89 mm Hg, or treated blood pressure <140/90 mm Hg; 

and poor as treated or untreated blood pressure ≥140/90 mmHg. Mean blood pressure was 

estimated from up to three readings, obtained under standard conditions during a single 

physical examination.

Each CVH metric was scored as 0, 1, or 2 to represent poor, intermediate, or ideal health, 

respectively. An overall score ranging from 0 to 12 was obtained as the sum of 6 metrics 

(excluding diet component because UPFs were derived from dietary data), which was then 

categorized as low (0–7), moderate (8–10), or high (11–12) CVH [22].
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Other covariates

Other sociodemographic data included age, sex, self-reported race and Hispanic origin (non-

Hispanic White, non-Hispanic Black, Hispanic, and other), parents’ educational attainment 

defined based on the education of the first household member 18 years of age or older listed 

on the household member roster, who owns or rents the residence where members of the 

household reside (below high school, high school graduate, college or above, and missing [n 

= 200]), health insurance (yes or no), and poverty–income ratio (PIR, the ratio of household 

income to the poverty threshold after accounting for inflation and family size: <1.30, ≥1.30, 

and missing [n = 521]). Higher PIR represents higher income.

Statistical analyses

Statistical analyses were performed using SUDAAN version 11 (RTI International) 

accounting for the complex sampling design. Characteristics were expressed as means and 

95% confidence intervals (CI) for continuous variables, or as percentages and 95% CIs for 

categorical variables. Trends across CVH metrics categories were compared by t-test. We 

compared characteristics between included and excluded adolescents (Supplemental Table 

2).

Restricted cubic spline with four knots (20th, 40th, 60th, and 80th percentiles) was used 

to examine departure from a linear relationship between usual %kcal from UPF and CVH 

scores [23]; there was no evidence of nonlinearity (p = .87). We then calculated the adjusted 

differences in CVH scoresby using the mid-point of the lowest quartile (Q1) of intake 

(54.4% of calories from UPF) as the reference [24].

We used multinomial logistic regression to estimate the adjusted odds ratios (ORs) for low 

and moderate CVH versus high CVH comparing Q2, Q3, and Q4 to Q1 of usual %kcal 

from UPF. The base model adjusted for age as a continuous variable, sex, race, and Hispanic 

origin; the second model was additionally adjusted for parents’ education attainment, health 

insurance, and PIR. Results were also stratified by age group (12–15 and 16–19 years), 

sex, race and Hispanic origin, educational level, health insurance, and PIR, and interactions 

between UPF intake and covariates were assessed by including the interaction terms in the 

multinomial logistic regression models based on the Wald-F test.

The association between UPF and individual components of CVH metrics was also 

examined. We calculated ORs for poor and intermediate CVH versus ideal CVH for each 

component, comparing Q2, Q3, and Q4 to Q1 of usual %kcal from UPF and adjusted for 

the rest of the CVH components in addition to the covariates. False discovery rate–adjusted 

p-values were presented, given multiple comparisons.

We used the first-day 24-hour dietary recall sampling weights dividing by six (data from 

six NHANES cycles) to represent the noninstitutionalized U.S. population and account for 

sampling probability and nonresponse. All statistical tests were two-tailed, and a p < .05 was 

considered significant.
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Sensitivity analyses

The CVH score is calculated using factors which differ in their nature and potential role 

linking UPF and CVD. Although BMI, total cholesterol, blood pressure, fasting plasma 

glucose, and diet quality are five potential mechanisms linking UPF to CVD, smoking and 

physical activity are not. We conducted several sensitivity analyses to test the robustness of 

the results: (1) we examined the association between %kcal from UPF and the four CVH 

metrics (BMI, total cholesterol, blood pressure, and fasting plasma glucose) (Supplemental 

Table 3) and (2) we examined the association between %kcal from UPF and the four 

aforementioned CVH metrics plus the dietary component. We used the Healthy Eating Index 

2010 (HEI-2010) score instead of AHA’s dietary score for the diet component because the 

current recommendation for daily sodium intake in federal guidelines is <2,300 mg/day, 

which does not align with the 1,500 mg/day in the AHA dietary scores, and also because 

HEI-2010 is a continuous scale and therefore more sensitive and informative. We defined 

top 10% of HEI-2010 scores as having an ideal diet, >50% and <90% as intermediate, and 

50% as poor diet [25] (Supplemental Table 4). (3) We examined the association between 

%kcal from UPF and the AHA 7 CVH metrics (including diet component of HEI-2010) 

(Supplemental Table 5). (4) We examined the association between the percentage of UPF by 

weight and CVH metrics [26] (Supplemental Table 6). (5) We examined the association 

between %kcal from UPF and the AHA 6 CVH metrics (excluding diet component) 

excluding participants with total energy intake <800 or >4,200 in men, and <500 or >3,500 

in women [27] (Supplemental Table 7). (6) We examined the association between %kcal 

from UPF and the AHA 6 CVH metrics (excluding diet component) excluding participants if 

their reported energy intake was not within ±1 standard deviation (SD), ±1.5 SD, and ±2 SD 

of the predicted energy requirements [28] (Supplemental Tables 8–10). Details of sensitivity 

analyses are presented in Supplemental Material.

Results

The mean age of the 5,565 adolescents was 15.5 years. Half (49.5%) of U.S. adolescents 

were female, 55.6% were non-Hispanic white, 13.5% were non-Hispanic black, 22.4% were 

Hispanic, 46.9% of their parents had >12 years of education, 88.5% had health insurance, 

and 63.4% had a PIR of ≥130%. The weighted prevalence of low, moderate, and high 

CVH was 12.1%, 56.3%, and 31.6%, respectively. Younger age, non-Hispanic white, parents 

with higher education level, health insurance, or a higher PIR were associated with higher 

CVH scores, whereas non-Hispanic black and Hispanic adolescents were more likely to 

have lower CVH scores (Table 1). Compared to adolescents who were excluded from the 

analyses, those included in the analyses were older and less likely to be non-Hispanic black; 

their parents also had higher education and PIR levels (Supplemental Table 2).

The mean usual %kcal from UPF was 65.7%, and the mid-point of quartiles of intake was 

54.4%, 62.8%, 69.0%, and 76.8%, respectively. Every 5% increase in calories from UPF was 

associated with .13 points lower CVH score (p < .001) (Figure 1). Comparing Q2, Q3, and 

Q4 to Q1 of UPF intake, the adjusted ORs for low versus high CVH were 1.43 (95% CI 

1.16–1.76), 1.86 (1.29–2.66), and 2.59 (1.49–4.55), respectively. The corresponding ORs for 
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moderate versus high CVH were 1.27 (1.11–1.45), 1.51 (1.19–1.91), and 1.88 (1.31–2.72) 

(Table 2).

The associations between %kcal from UPF and CVH were largely consistent by age, sex, 

race and Hispanic origin, parents’ education years, health insurance, and PIR subgroups 

although the associations were not statistically significant for several subgroups (Table 3, 

false discovery rate–adjusted p values >.05 for all interactions).

Figure 2 shows the fully adjusted ORs (95% CI) for poor or intermediate CVH (versus 

ideal) comparing Q2, Q3, and Q4 to Q1 of UPF intake for each individual CVH metric. 

Usual %kcal from UPF was significantly associated with overweight, obesity, and elevated 

blood pressure, but not associated with poor smoking status, physical inactivity, diabetes, or 

hypertension, and was inversely associated with total cholesterol.

In sensitivity analyses, we examined the association between %kcal from UPF and four 

CVH metrics, four CVH metrics plus HEI-2010 as well as all seven CVH components, and 

the association between proportion of UPF by weight and six CVH metrics. The pattern of 

association remained largely consistent, though the association was stronger for the 5- and 

7-CVH component metrics (Supplemental Tables 3–6). We also examined the association 

between %kcal from UPF and six CVH components excluding implausible energy intake. 

The association seems to become stronger when more strict criteria on implausible energy 

intakes were applied.

Discussion

In this nationally representative sample of U.S. adolescents, UPF accounts for about two 

thirds of daily total calories, and greater consumption of UPF was associated with lower 

scores on important measures of CVH. The pattern of the association was largely consistent 

across age, sex, race and Hispanic origin, poverty, parent’s education attainments, and 

insurance status subgroups. Sensitivity analyses suggested that the association remained 

significant when using different numbers of CVH metrics, or percentage of UPF by weight, 

or excluding implausible energy intake. The results are consistent with the findings among 

U.S. adults [14].

Although the growing body of evidence has shown the association between overall UPF and 

adverse health outcomes among adults, only a few studies, all from Brazil, have focused on 

the association among adolescents. Three studies examined the association between overall 

UPF and BMI, overweight, obesity, or percentage body fat among adolescents; none of 

them found significant associations [10]. Studies have shown the association between certain 

types of UPF consumption (snacks, fast foods, junk foods, and convenience foods), or soft 

drink/sweetened beverage consumption, or other specific UPF foods (chocolate, sweets, and 

ready-to-consume breakfast cereals) and body fat among adolescents [29]. Tavares et al. 

[6] reported a significant association between high UPF consumption (≥third Quartile) and 

higher prevalence of metabolic syndrome in a cross-sectional study on adolescents aged 

12–19 years. Another cross-sectional study on adolescents aged 14–19 years by de Melo 

et al. indicated no association between UPF and excess weight, hypertension, or high waist 
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circumference [10]. In addition to the association with CVH, our analyses found that UPF 

intake was also positively related to overweight, obesity, and elevated blood pressure (Figure 

2). The association with hypertension and diabetes did not reach statistical significance, 

possibly due to the small number of these two conditions among adolescents. Although not 

all UPFs are high in cholesterol, many high-cholesterol foods (eggs, cheese, beef, shellfish, 

etc.) are not classified as UPF, which could explain the negative association between UPF 

and cholesterol.

To a considerable extent, UPFs have replaced whole foods and freshly prepared dishes [1]. 

In several countries, public health authorities have recently started to promote unprocessed 

or minimally processed foods and to recommend limiting the consumption of UPF [30,31]. 

We found that U.S. adolescents consume two thirds of their daily calories from UPF, which 

is higher than U.S. adults (55%) [14] and adolescents in Brazil (50%) [32]. Studies have 

suggested that healthy diet habits established during childhood and adolescence moderately 

continue into adulthood [33]. Furthermore, societies and school should promote programs 

and policies that make the healthy choice easy, affordable, and accessible and protect 

children from heavy marketing of UPF [34].

Studies have suggested several mechanisms for the association between UPF and CVD risk 

factors [35]. UPFs are low in nutrients, and high in fats, sodium, added sugar, and energy 

density [2]. The palatability of and lack of fiber in UPF encourage people to overeat these 

foods, and may facilitate high glycemic loads [35]. UPF has been associated with urinary 

concentration of environmental chemicals in the food packaging such as phthalates and 

bisphenol, which are associated with obesity, diabetes, hypertension, and coronary artery 

disease [36]. Although the mechanisms are most likely the same for adolescents and adults, 

due to younger age, adolescents may have less cumulative exposure to UPF compared to 

adults. Higher UPF intake could also have additional currently unknown effects among 

adolescents. More than 95% of American youth attend school and consume as much as 

35%–40% of their daily caloric intake there [37]. Items acquired from school vending 

machines, snack bars, and canteens are likely to be UPFs and have been consistently found 

to be low in nutrients and high in fat, calories, and sugar although school nutrition policies 

vary and have changed over time [38]. The school food environment may be adolescent-

specific factors that influence UPF consumption, and thereby CVH health.

The strengths of this study include the use of a nationally representative survey, and 

used individual consumption data. We used a measurement error model to estimate 

usual %kcal from UPF from two 24-hour dietary recalls accounting for within-individual 

variation in intake. We have performed a comprehensive number of sensitivity analyses 

for robustness of our findings. Our study was subject to limitations. First, NHANES did 

not always consistently determine food processing information, such as location of meals 

and product brands, which could lead to potential misclassification errors. Second, the 

first 24-hour dietary recall was conducted in person and the second recall was collected 

via telephone interview. However, previous research found 24-hour recalls obtained by 

telephone interviews to be as effective as those obtained in person [39]. Third, several 

individual CVH metrics had small numbers of poor health because adolescents had low 

prevalence of these conditions, such as hypertension and diabetes. The association between 
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UPF and these individual CVH did not reach statistical significance. Fourth, higher UPF 

consumption could be a proxy for a less healthy overall lifestyle, and residual confounding 

could overestimate the association with CVH [40]. Fifth, about 22% of participants were 

excluded from the analyses because of missing information on CVH or covariates. The 

participants included were older, less likely to be non-Hispanic black, and had parents 

with higher education and PIR levels. The potential lack of external validity of results 

might under- or overestimate the true association between UPF and CVH. In addition, 

reverse causality could underestimate the association between UPF consumption and CVH, 

if adolescents who develop overweight/obesity or other conditions change their diet and 

reduce UPF consumption. Finally, as our analysis was cross-sectional, causal associations 

between UPF and CVH could not be determined.

Our study indicated that U.S. adolescents consume about two thirds of their daily calories 

from UPF, and higher consumption of UPF was associated with low CVH, overweight, 

obesity, and elevated blood pressure. Our analyses highlight the importance of limiting the 

consumption of UPF among adolescents. Societies and schools should implement policies 

and practices to make the healthy choice more affordable and accessible. Parents can model 

healthy behaviors, and healthcare providers can encourage adolescents to establish healthier 

eating habits that might help improve their CVH throughout the life course.
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Refer to Web version on PubMed Central for supplementary material.
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IMPLICATIONS AND CONTRIBUTION

U.S. adolescents consume about two thirds of their calories from ultraprocessed foods. 

Higher intake of ultraprocessed foods was associated with inadequate cardiovascular 

health among adolescents. Encouraging adolescents to establish healthier eating habits 

might help improve cardiovascular health throughout the life course.
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Figure 1. 
Distributions of usual %kcal from UPF and adjusted differences in CVH scores (54.4% 

as reference). Multivariable linear regression models were used to estimate the adjusted 

differences in CVH scores and corresponding 95% CI, and were adjusted for age, sex, race 

and Hispanic origin, education attainment of household head, health insurance, and poverty–

income ratio. The bar chart represents the distribution of usual %kcal from UPF. The solid 

line represents the point estimate of adjusted differences in CVH scores, and the dashed 

lines represent corresponding 95% CI. %kcal = percentage of calories; CI = confidence 

interval; CVH = cardiovascular health (excluding diet component); UPF = ultraprocessed 

foods.

Zhang et al. Page 13

J Adolesc Health. Author manuscript; available in PMC 2023 March 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Adjusted odds ratio (95% CI) of individual CVH metric. Multinomial logistic regression 

models were used to estimate odds ratios and corresponding 95% CI, and were adjusted 

for age, sex, race and Hispanic origin, education attainment of household head, health 

insurance, and poverty–income ratio. CI = confidence interval; CVH = cardiovascular health 

(excluding diet component); UPF = ultraprocessed foods.
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