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Objectives. To examine how ultraprocessed food (UPF) consumption and diet quality jointly relate to

cardiometabolic health.

Methods. This serial cross-sectional study used data from 15760 US adults (aged ≥20 years) in the

2009–2018 National Health and Nutrition Examination Surveys. Participants completed two 24-hour

recalls and did not have a chronic disease. Diet quality was categorized using Healthy Eating Index–2020

(HEI) scores as high (70 to 100), moderate (60 to <70), low (50 to <60), and very low (0 to <50). UPF

consumption, determined by Nova classification, was categorized as high (≥40% energy intake) and low

(<40% energy intake). Joint HEI–UPF categories combined these variables. We examined unadjusted

and adjusted associations between joint HEI–UPF category and anthropometric and cardiometabolic

biomarkers.

Results. Among US adults, only 0.3% had high HEI–low UPF consumption, while 45.3% had very low

HEI–high UPF consumption. Those with very low HEI–high UPF intake had the least favorable metabolic

profiles, including the highest mean body mass index (29.6, defined as weight in kilograms divided by

the square of height in meters) and fasting glucose (106.2 milligrams per deciliter).

Conclusions. Diet quality was more consistently associated with cardiometabolic health than UPF

intake.

Public Health Implications. Overall diet quality is a strong predictor of cardiometabolic health,

even with varying UPF consumption. (Am J Public Health. 2026;116(7):993–1003. https://doi.org/10.2105/

AJPH.2026.308494)

Poor diet quality is a risk factor

for chronic diseases, including

obesity, diabetes, cardiovascular dis-

ease, stroke, and some cancers.1–3 Diet

quality is often measured with nutrient

and food-based indices, such as the

Healthy Eating Index (HEI), which

assesses how well consumption aligns

with the Dietary Guidelines for Americans.

The average HEI–2020 score for adults

is 58 out of 100, reflecting suboptimal

adherence to dietary recommenda-

tions.4 Low-quality diets are driven by

low intake of fruits, vegetables, whole

grains, seafood, and plant proteins and

high intake of refined grains and foods

high in saturated fat, added sugar, and

sodium. This dietary pattern is associat-

ed with an increased likelihood of adi-

posity, insulin resistance, and adverse

lipid profiles, which contribute to

chronic disease risk.1–3

There is growing evidence of the neg-

ative health impacts of ultraprocessed
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foods (UPFs), defined as “formulations

of industrial food ingredients that are

created from industrial processes, in-

cluding added colors, flavors, and other

additives.”5(p937) UPFs account for more

than half of the daily energy intake

of children and adults in the United

States.6 Higher UPF consumption is

associated with obesity, hypertension,

dyslipidemia, and type 2 diabetes.7–9

Several mechanisms between UPF

consumption and poor health out-

comes have been proposed, including

UPF’s poorer nutrient profile, higher

glycemic load, displacement of whole

foods, and hyperpalatable taste that

increases consumption, as well as

the effects of processing on satiety,

gut microbiota, and metabolic

regulation.10,11

This study used nationally represen-

tative data from the National Health

and Nutrition Examination Survey

(NHANES) to evaluate the combined

associations of diet quality and UPF

consumption with cardiometabolic

health outcomes. Our objective was to

examine differences in anthropometric

measures, lipid profiles, and glycemic

outcomes by joint HEI–2020 score and

UPF consumption.

METHODS

We conducted our analyses using data

from the 2009–2018 NHANES. NHANES

is an ongoing multistage, nationally rep-

resentative survey conducted by the

National Center for Health Statistics.

NHANES data were limited to 2009 to

2018 because Nova classification codes

for more recent cycles were not avail-

able to the research team at the time

of analysis. Adults with preexisting con-

gestive heart failure, angina or angina

pectoris, heart attack, stroke, liver

condition, diabetes, and cancer were

excluded. The analytic sample included

15760 adults aged 20 years or older

with 2 valid 24-hour recalls. There were

8487 participants in the fasting sample.

Data collection was approved by the

National Center for Health Statistics

ethics review board, and all participants

provided written consent.

Dietary Assessment and
Healthy Eating Index–2020

Dietary intake was assessed via two

24-hour dietary recalls administered by

trained interviewers using the US De-

partment of Agriculture Automated

Multi-Pass Method.12 One 24-hour re-

call is collected in person, and a second

recall is completed by telephone 3 to

10 days later. Methods and validation

studies for conducting 24-hour recalls

have been previously published.13

Data from the two 24-hour recalls were

converted into standard food groups

and food pattern components using

the Food Patterns Equivalents Data-

base to calculate individual HEI–2020

scores.

Participants’ HEI–2020 scores per day

were first calculated using the simple

HEI scoring algorithm method. Then,

we used the National Cancer Institute

(NCI) SAS Macros (version 2.1) to esti-

mate usual intake to account for the

within-person variability of dietary in-

take and to estimate predicted HEI

scores (i.e., usual HEI).14 Specifically, we

used the MIXTRAN macro to generate

parameter estimates for dietary intake

accounting for all sociodemographic

covariates (as described subsequently),

and we used the INDIVINT macro to

predict individual intakes using the pre-

viously generated parameter estimates.

More information about this method

can be found here: https://epi.grants.

cancer.gov/diet/usualintakes/macros_

single.html.

Healthy Eating Index–2020
Categories

The determination of the cut points

used to define HEI–2020 categories

was informed on multiple criteria. First,

we considered NCI’s suggested HEI

cut-points and corresponding grade.15

Because less than 1% of the population

had an HEI score of 80 or above,

corresponding to an A or B grade, we

comprehensively reviewed previous

findings from prospective observational

studies that examined HEI scores in

relation to major chronic disease out-

comes (Table A, available as a supple-

ment to the online version of this article

at https://ajph.org).2 Most studies de-

rived population-specific quintiles of

HEI scores as the exposure, and indivi-

duals in the highest HEI quintile consis-

tently had lower risks of cardiovascular

disease, cancer, type 2 diabetes, and

all-cause mortality compared with indi-

viduals in the lowest quintile.2 Finally,

we examined the distributions of HEI

scores in NHANES to understand the

extent to which US adults aligned with

the cut points in the studies in Table A.

Collectively, this evidence informed the

following category definitions: high HEI

score (70 to 100), moderate HEI score

(60 to <70), low HEI score (50 to <60),

and very low HEI score (0 to <50). High

HEI score indicates a higher adherence

to the DGA and where the greatest risk

reduction of morbidity and mortality

from diet-related chronic diseases has

been observed.2,16 In contrast, very low

HEI score indicates lower adherence to

the DGA and is associated with the

highest risks of morbidity and mortality
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from diet-related chronic diseases.2,16

Moderate and low HEI scores are inter-

mediate risk levels.

Ultraprocessed Food Intake

The Nova classification has 4 catego-

ries: unprocessed or minimally pro-

cessed foods, processed culinary

ingredients, processed foods, and

ultraprocessed foods.5 We used an

established methodology and data set

to code foods by Nova category that is

supported by the NCI.17,18 Briefly,

NHANES 24-hour diet recalls were

linked to the Food and Nutrient Data-

base for Dietary Studies, where each

food was mapped to its underlying

food code and standard reference

codes. For mixed dishes and home-

made foods, Food and Nutrient Data-

base for Dietary Studies recipe files

were used to decompose items into

their standard reference components,

which were individually classified into

the corresponding Nova category. Food

codes were broken into their compo-

nent standard reference codes, which

were classified according to Nova and

used to derive daily intake for each

Nova category.17 In this analysis, we

focused on Nova category 4, ultrapro-

cessed foods, because groups 2 (culi-

nary ingredients) and 3 (processed

foods) are a much lower percentage of

total energy intake, and UPFs are of

greater health concern.19 Similar to the

approach for HEI–2020 scores, we

used the NCI MIXTRAN and INDIVINT

SAS macros to estimate usual UPF in-

take as a percentage of total energy

(% kilocalories [kcal]) from UPFs, con-

sistent with methods used in other

NHANES studies of UPF and health

outcomes.20,21 UPF food consumption

was then dichotomized as follows:

high UPF consumption was defined as

40% or more of total energy intake

(% kcal), and low UPF consumption as

less than 40% of total energy intake

(% kcal). This cut point was selected

because it corresponds to the top

quartile of UPF consumption that has

been previously associated with poor

health outcomes in this sample.21,22

Joint Diet and Food
Processing Categories

We combined the 4-category usual

HEI–2020 variable and the 2-category

usual UPF intake variable to create an

8-level categorical variable representing

all combinations of usual HEI score and

usual UPF consumption, where high

HEI score (70 to 100), moderate HEI

score (60 to <70), low HEI score (50 to

<60), and very low HEI score (0 to <50)

and high UPF consumption was 40% or

more of total energy intake and low

UPF consumption was less than 40%

of total energy intake. This variable

is referred to as the joint HEI–UPF cate-

gory. The reference group is very low

HEI–high UPF.

Cardiometabolic Health
Outcomes

Height, weight, and waist circumference

were measured by trained personnel in

the Mobile Examination Center.23 Body

mass index (BMI) was calculated as

weight in kilograms divided by the

square of height in meters (kg/m2).

Obesity was defined as a BMI greater

than or equal to 30 kg/m2.24 High waist

circumference was defined as greater

than 88 centimeters for females and

greater than 102 centimeters for

males.24

Other biomarker outcomes include

blood levels of total cholesterol (milli-

grams per deciliter [mg/dL]), high-density

lipoprotein cholesterol (HDL; mg/dL),

fasting low-density lipoprotein cholesterol

(LDL; mg/dL), fasting triglycerides (mg/dL),

hemoglobin A1c (HbA1c), and fasting

glucose (mg/dL). Low HDL cholesterol

was defined as less than 40 mg/dL and

elevated LDL cholesterol was defined as

greater than or equal to 100 mg/dL.25

Elevated triglycerides were defined as

greater than or equal to 150 mg/dL.26

Elevated HbA1c was defined as greater

than or equal to 5.7%, and elevated

fasting glucose was defined as greater

than 100 mg/dL.27 Blood samples were

collected by NHANES medical personnel

following standardized phlebotomy

protocols and analyzed at the National

Center for Environmental Health

laboratories.

Sociodemographic
Characteristics

We included characteristics associated

with diet quality and UPF consumption

in previous research as covariates.21,22,28

Sociodemographic variables were ascer-

tained at the NHANES interview, includ-

ing self-reported age, gender, race and

ethnicity, place of birth, educational at-

tainment, employment status, marital

status, family income to poverty ratio,

and food security status. We derived

household food security status by using

the 18-item US Food Security Survey

Module.

Statistical Analysis

We performed all statistical analyses

with SAS version 9.4 (SAS Institute Inc,

Cary, NC). Per NHANES guidelines, we

recalculated complex dietary (WTDR2D)

and fasting subsample (WTSAF2YR)

sampling weights by dividing by 5 to re-

flect the probability of being sampled

across the 10-year period. In SAS, we
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used SURVEYMEANS, SURVEYFREQ,

SURVEYREG, and SURVEYLOGISTIC pro-

cedures with strata (SDMVSTRA), clus-

ter (SDMVPSU), and weight statements

to account for the complex sampling

scheme and to make nationally repre-

sentative inferences. We applied die-

tary weights to all analyses, with the

exception of analyses involving LDL

cholesterol, triglycerides, and fasting

glucose, which used the fasting sub-

sample weights because the fasting

subsample has a smaller number

of respondents than the dietary

subsample.

We evaluated survey-weighted differ-

ences in sociodemographic characteris-

tics by joint HEI–UPF categories using

the Rao–Scott x-square test. Next, we

estimated unadjusted means and pro-

portions of cardiometabolic character-

istics by joint HEI–UPF categories. Then,

we used survey-weighted multivariable

linear and logistic regression models to

examine differences in cardiometabolic

outcomes by joint HEI–UPF categories,

with the reference category of very low

HEI–high UPF. These models adjusted

for all sociodemographic characteristics

and usual total energy intake (following

the same approach as HEI–2020 scores

and UPF intake). We report least squared

means (for continuous outcomes) and

predicted probabilities (for categorical

outcomes) of the 8 HEI–UPF categories.

We used pairwise differences to evaluate

differences within HEI category and by

UPF consumption category.

RESULTS

Among US adults, 46.0% had a very

low usual HEI score (< 50), 40.6% had

a low usual HEI score (50 to <60),

12.6% had a moderate usual HEI

score (60 to <70), and 0.8% had a high

usual HEI score (≥70). High usual UPF

consumption (≥40% kcal) was ob-

served among 93.7% of US adults, and

6.3% had low usual UPF consumption

(<40% kcal). When examining joint

HEI–high UPF categories, 45.3% of US

adults had very low HEI–high UPF con-

sumption, 37.5% had low HEI–high UPF

consumption, 10.3% had moderate

HEI–high UPF consumption, and 0.6%

had high HEI–high UPF consumption

(Figure 1). When examining joint HEI–

low UPF consumption, 0.7% US adults

had very low HEI–low UPF consump-

tion, 3.1% had low HEI–low UPF, 2.3%

had moderate HEI–low UPF, and 0.3%

had high HEI–low UPF.

There were significant differences

in joint HEI–UPF categories by all socio-

demographic characteristics except

employment status (Table 1, P linear

trend < .01). Very low HEI–high UPF

consumption was more prevalent

among individuals who were younger,

male, non-Hispanic Black, born in the

United States, high-school educated or

less, single, lower income, and food

insecure.

Unadjusted Differences vs
Reference Group

In unadjusted analyses (Table 2), there

were consistent differences in anthro-

pometric measures across joint

HEI–UPF categories. The reference

group, very low HEI–high UPF con-

sumption, had the highest mean BMI

(29.6 kg/m2), percentage with obesity

(41.6%), mean waist circumference

(100.0 cm), and percentage with high

waist circumference (55.4%) compared

with the other joint HEI–UPF categories.

There were inconsistent patterns for

cardiometabolic biomarkers. HDL cho-

lesterol tended to be higher among

categories with higher HEI scores.

Unadjusted means for total cholesterol

and LDL cholesterol were higher
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FIGURE 1— Proportion of High Versus Low Ultraprocessed Food (UPF) Consumption by Healthy Eating Index (HEI)
Score Category: United States, National Health and Nutrition Examination Survey, 2009–2018
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among categories with higher HEI

scores. There were no differences in

fasting glucose levels compared with

the reference category.

Unadjusted Differences
Within Diet Categories

Within each HEI category, there were

few differences in unadjusted anthro-

pometric and cardiometabolic markers

between low and high UPF consump-

tion. Among participants with low and

very low HEI scores, those with low UPF

consumption had lower mean BMI,

obesity prevalence, mean waist circum-

ference, and prevalence of high waist

circumference. In the low HEI group,

mean HDL cholesterol was lower in the

low UPF group (54.6 mg/dL) compared

with the high UPF group (56.3 mg/dL).

In the moderate HEI category, fasting

glucose was higher for the low UPF con-

sumption (100.7 mg/dL vs 98.3 mg/dL),

while in the high HEI category, low UPF

was associated with lower HDL (57.6

mg/dL vs 74.1 mg/dL) and higher triglyc-

eride levels (126.5 mg/dL vs 82.8 mg/dL)

compared with the high UPF group.

Adjusted Differences vs
Reference Group

After we adjusted for sociodemo-

graphic covariates, there were consis-

tent differences in anthropometric

measures between the very low HEI–

high UPF and the other joint HEI–UPF

categories (Table 3). The very low HEI–

high UPF category had a mean BMI of

29.6 kg/m2 compared with 23.8 kg/m2

in the high HEI–high UPF category

(P< .001). Obesity prevalence was lower

in all categories compared with the ref-

erence category, where 40.9% had obe-

sity, compared with 7.4% in the high

HEI–high UPF category (P5 .004). Only
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the moderate HEI–low UPF category

had lower total cholesterol (187.4

mg/dL; P5 .01) compared with the ref-

erence category (193.6 mg/dL). Mean

HDL cholesterol was 51.7 mg/dL in the

very low HEI–high UPF category com-

pared with 69.1 mg/dL in the high

HEI–high UPF category (P< .001). LDL

cholesterol did not differ between

categories. Mean triglycerides were

lower for the moderate HEI–high UPF

(103.0 mg/dL; P5 .005), the moderate

HEI–low UPF (101.4 mg/dL; P5 .04),

and the high HEI–high UPF (81.1 mg/dL;

P< .001) categories compared with the

reference (115.5 mg/dL). Mean HbA1c

was lower in every joint HEI–UPF cate-

gory compared with the reference, de-

creasing from 5.49% to 5.31% in the

high HEI–high UPF category (P5 .02).

Most categories had lower mean fast-

ing glucose than the reference, de-

creasing from 106.2 mg/dL in the very

low HEI–high UPF category to 96.4

mg/dL in the high HEI–low UPF cate-

gory (P5 .03).

Adjusted Differences Within
Diet Category

Within each HEI score category, differ-

ences in cardiometabolic measures by

UPF intake were inconsistent. Among

those with very low HEI scores, low UPF

intake was associated with lower mean

BMI (27.6 kg/m2 vs 29.6 kg/m2; P5 .04),

lower prevalence of high waist circum-

ference (42.5% vs 58.3%; P5 .02), lower

prevalence of high HbA1c (19.1% vs

31.9%; P< .001), and lower mean fast-

ing glucose (101.2 mg/dL vs 106.2

mg/dL; P5 .004) compared with the

high UPF group. Within the low HEI

score category, adults with low UPF

consumption had more favorable

values across all anthropometric mea-

sures, mean HbA1c (5.36% vs 5.45%),

prevalence of high HbA1c (17.2% vs

27.8%; P5 .005), and fasting glucose

(101.5 mg/dL vs 105.1 mg/dL; P5 .003)

compared with those with high UPF

consumption. There were no differences

in anthropometric and cardiometabolic

measures by UPF consumption within

the moderate HEI score category. In the

high HEI category, the low UPF intake

group had higher waist circumference

(91.3 cm vs 83.8 cm; P5 .01), prevalence

of high waist circumference (33.9% vs

15.1%; P5 .04), and prevalence of high

triglycerides (27.2% vs 1.7%; P5 .006).

Adjusted Differences in
Food Processing Category

When separated by high and low UPF

consumption, lower diet quality was as-

sociated with less favorable anthropo-

metric and cardiometabolic markers

and a higher prevalence of individuals

with elevated values in both high and

low UPF groups. Within the high UPF

group, mean BMI was 29.6 kg/m2 in the

very low HEI category and 23.8 kg/m2 in

the high HEI category (P< .001). For

those with low UPF consumption, BMI

was 27.6 kg/m2 in the very low HEI cate-

gory and 25.9 kg/m2 in the high HEI cat-

egory (P5 .14). Lipid profiles showed

similar trends. Mean total cholesterol,

LDL cholesterol, and triglycerides were

higher, and HDL cholesterol was lower

in the very low HEI score category com-

pared with the high HEI category within

both UPF groups. This finding contin-

ued for blood glucose levels. Within

the high UPF group, the mean fasting

glucose was 106.2 mg/dL for the very

low HEI category compared with

98.3 mg/dL for the high HEI category

(P5 .03). Within the low UPF group, the

mean fasting glucose was 101.2 mg/dL

for the very low HEI category compared

with 96.4 mg/dL for the high HEI cate-

gory (P5 .28).

DISCUSSION

This nationally representative, descrip-

tive 10-year study found that higher

HEI–2020 scores, indicating greater

adherence to 2020–2025 Dietary

Guidelines for Americans, were associ-

ated with better cardiometabolic pro-

files regardless of UPF intake. These

results highlight that overall diet quality

remains strongly associated with cardi-

ometabolic health, even in the context

of varying UPF consumption.

Previous research has found that

higher UPF consumption and lower

diet quality are separately associated

with poorer diet quality and greater risk

of obesity, dyslipidemia, type 2 diabe-

tes, and cardiovascular disease.2,7,8

However, most existing studies have

examined these relationships sepa-

rately. One prospective cohort study

reported that high adherence to the

Mediterranean diet combined with low

UPF consumption was associated with

lower all-cause, cardiovascular, and

noncardiovascular, noncancer mortality

compared with low adherence and

high UPF intake.29 This analysis extends

these findings by assessing cardiometa-

bolic biomarkers across joint HEI scores

and UPF consumption in a nationally

representative sample. This study finds

that diet quality, as measured with the

HEI–2020, was more consistently associ-

ated with anthropometric and cardiome-

tabolic markers associated with chronic

disease than UPF.

These findings may reflect the het-

erogeneity within the UPF category.

UPFs include both nutrient-poor foods

like sugar-sweetened beverages and

processed meats and nutrient-dense

foods, such as whole-grain breads and
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yogurt.9 The Nova classification has

been important in highlighting the im-

pact of food processing on public

health and is the most commonly used

definition of UPFs. However, there is

ongoing discussion on the best way to

define and operationalize UPFs within

the US food system because of the dif-

ferent products captured within it.30,31

Recent prospective cohort studies

that have disaggregated UPFs by food

group have found that adverse health

effects are most consistently associated

with a subset of UPFs including sugar-

sweetened beverages and red and pro-

cessed meats.9,32,33 This analysis did

not look at food groups within UPFs,

which may be why fewer relationships

were observed. In addition, there is cur-

rently no agreed-upon threshold that

defines high UPF consumption. This

analysis identified high UPF consump-

tion as greater than or equal to 40% of

total energy intake from UPFs, which is

consistent with the top quartile of con-

sumption among NHANES partici-

pants.21,22,34 Future studies should

consider higher or lower cut points, as

well as further validating methods for

estimating usual intake of UPFs.

Strengths and Limitations

Strengths of this study include our use

of data from a large, nationally repre-

sentative sample of US adults spanning

recent years. Second, we identified the

cut points for HEI categories through

multiple sources of health outcome evi-

dence and used validated methods to

identify UPFs. Third, we leveraged

the rich data sources available from

NHANES, validated dietary recalls, phys-

ical measurements, and available bio-

marker data to examine concurrent

implications of the HEI score categories

and UPF cut points at the individual

level.

However, this study is limited by its

cross-sectional nature; prospective

follow-up is needed to capture changes

in clinical outcomes over time. The

24-hour dietary recall is a validated

approach but is subject to measure-

ment error and recall bias; however,

interviewer-assisted recalls can help

reduce error. Diet recalls are not

designed to assess food processing lev-

el, so applying the Nova classification

may involve a degree of misclassifica-

tion. We were unable to use the NCI

HEI–2020 cut points because too few

participants had a usual HEI–2020

score of 80 or higher. Excluding partici-

pants with one 24-hour recall and the

categorization of HEI–2020 scores and

UPF intake may have reduced statistical

power. While we restricted our study

population to people without a chronic

disease diagnosis, we were not able to

exclude people with undiagnosed or

preclinical disease, and this may have

attenuated some of the associations,

particularly between the high versus

low UPF groups.

Public Health Implications

These findings suggest that improving

the overall diet quality, as measured by

the HEI–2020, should remain a focus of

public health efforts to prevent cardio-

metabolic disease. While reductions in

UPFs may support this goal, eating

nutrient-dense foods appears to have

a stronger association with health mar-

kers. Public health recommendations

and interventions should continue to

promote fruits, vegetables, whole

grains, seafood, and plant proteins

and recommend limited intake of

refined grains and foods high in satu-

rated fat, added sugar, and sodium.

Continued research is needed to refine

approaches to UPF classification.
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