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Abstract

Introduction—The association between ultra-processed food (UPF) consumption and body
composition, and potential variation by sociodemographic factors, is unclear. This study aims

to examine the cross-sectional associations of UPF consumption with imaging markers of body fat
distribution in a nationally representative sample of US adults, overall and by sociodemographic
strata.

Methods—A total of 9,640 men and non-pregnant women aged 20-59 years were included from
4 cycles (2011-2012, 2013-2014, 2015-2016, 2017-2018) of the National Health and Nutrition
Examination Survey (NHANES) with valid 24-hour dietary recalls and available whole-body
DXA scans. UPFs were identified using the NOVA classification, with % energy from UPF
assessed in quintiles. Primary outcomes were absolute % fat (total, android, gynoid), and
secondary ones were % fat (head, arm, leg, trunk), total abdominal fat (area, mass, volume),
subcutaneous adipose tissue (area, mass, volume), and visceral adipose tissue (area, mass,
volume). Multivariable-adjusted generalized linear regressions estimated independent relationships
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of UPF intake with body composition overall and by sociodemographic subgroups. Analyses were
conducted in September 2022 and January 2023

Results—UPF consumption accounted for more than half (55.5%) of daily energy consumption
in this sample. Compared with the lowest quintile of UPF consumption (<39.4 %energy), adults
in the highest quintile (>72.1 %energy) had 1.60 higher total %fat (95% CI, 0.94, 2.26), 2.08
higher android %fat (95% Cl, 1.26, 2.89), and 1.32 higher gynoid %fat (95% CI, 0.71, 1.93)

(all P-trend<0.001). Consistent findings were observed for secondary outcomes. Associations of
UPF intake with total %fat, android %fat, and gynoid %fat varied by age, sex, race and ethnicity,
education, and income. Among those in the highest quintile of UPF consumption compared to
the lowest quintile counterpart, total %fat was 1.85 (95% CI, 0.86, 2.84) higher for non-Hispanic
white adults and 1.57 (95% Cl, 0.68, 2.46) higher for Hispanic adults (P-trends<0.001) while

no difference was observed among non-Hispanic black adults (-0.22; 95% CI, -0.93, 1.36)
(P-trend=0.47) and non-Hispanic Asian adults (0.93; 95% Cl, -0.57, 2.42) (P-trend=0.04) (P-
interaction=0.001). Associational patterns were similar for android %fat and gynoid %fat.

Conclusions—In a national US sample, higher intake of UPF was associated with greater body
fat, in particular android fat, and this relationship was most prominent in certain population
subgroups. These cross-sectional findings call for prospective and interventional studies to assess
the impact of UPF on body composition in different populations.

Introduction

Ultra-processed foods (UPFSs) are the most widely consumed foods in the United States
(US), accounting for more than half of daily calorie intake.l UPFs are defined as industrial
formulations manufactured from substances derived from foods that undergo a series of
physical, chemical, and biological processes.2 Typically, such foods have higher contents
of refined starch, sugars, and salt and lower nutritional value, lack intact healthy food
components, and include added flavors, artificial colors, and other additives.3

The rise in consumption of UPFs has paralleled the increasing prevalence of obesity,*® and
a well-controlled metabolic trial demonstrated higher energy consumption and weight gain
with an UPF diet, compared to a minimally processed diet.® These findings suggest UPF
may be one driver of the obesity epidemic and related diseases.” In observational studies,
UPFs are associated with obesity,8 type 2 diabetes,® cardiovascular diseases (CVD),0 and
certain types of cancer.1! Most prior studies of UPFs and obesity have focused on body
mass index (BMI), and followed by waist circumference as a measure of central obesity.12:13
However, these measures are influenced not only by adiposity but also by muscle mass and
body size, as well as associated with socioeconomic status and race/ethnicity.1415 Other
aspects of body compaosition — in particular the amounts and locations of body fat — appear
to more specifically predict the risk of disease.16-18 A few studies have examined how
UPFs relate to body fat distribution, including one on UPFs and fat mass, lean mass, and
whole-body fat percent among youth and young adults,® and two on UPFs and supine
sagittal abdominal diameter in adolescents2? and adults.2! No prior studies have focused
comprehensively on the association of UPFs with body fat distribution.
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Prior studies have also demonstrated sociodemographic disparities in UPF consumption
and, separately, prevalence of obesity.22-24 These disparities may impose significant
cardiometabolic burdens on vulnerable populations such as those with low educational
attainment or from traditionally marginalized racial or ethnic backgrounds. However,
potential differences across sociodemographic strata in the association of UPFs with body
fat distribution remain unknown.

To address those gaps, this study examined the associations of UPF consumption
with imaging markers of body fat distribution among US adults, overall and across
sociodemographic strata.

Study Population

The National Health and Nutrition Examination Survey (NHANES) is a series of nationally
representative, stratified, multistage probability cross-sectional surveys in two-year cycles to
assess the health and nutritional status of Americans. Details on design, study protocol, and
data collection have been reported, and all participants provided written informed consent.2>
The study protocol was approved by the National Center for Health Statistics Research
Ethics Review Board. The current analysis included the most recent four NHANES

cycles (2011-2012, 2013-2014, 2015-2016, 2017-2018) with available measures on body
composition. Dietary intakes were assessed using 1-2 24-hr dietary recalls per person (see
Appendix Text for detailed methods). Body composition was measured using dual-energy
x-ray absorptiometry (DXA) among participants aged 8 to 59 years only. This analysis
focused on 9,640 men and non-pregnant women aged 20-59 years with both valid records
of dietary intake and whole-body DXA scans (Appendix Figure 1). In this age range,
characteristics for participants included and excluded in this analysis are shown in Appendix
Table 1.

Classification of Ultraprocessed Food

The NOVA framework was used to classify all food items reported by participants into

4 categories based on the extent and purpose of food processing.® In brief, the NOVA
classification is mainly based on the underlying ingredients in particular food substances
not commonly used in culinary preparations such as modified starches, hydrogenated oils,
protein isolates and additives like colorants, flavorings, and emulsifiers. The processing
categories were mutually exclusive and included unprocessed/minimally processed foods,
processed culinary ingredients, processed foods, and UPFs — the latter characterized by
various industrial processing techniques and ingredients. When food items were judged to
be a homemade recipe, the classification process was applied to the underlying ingredients,
to enable a more precise classification. The procedures for classifying UPFs are detailed
in Appendix Text and elsewhere.26:27 This study focused on the % daily energy intake
from UPFs (i.e., UPF consumption adjusted for total energy using the nutrient density
approach),8 based on the mean of both recall days when available and one day otherwise.
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Body Composition Measurements

Whole body DXA scans were administered in NHANES mobile examination centers by
certified radiology technologists. The scans provide bone and soft tissue measurements

for the total body and body regions. Detailed information regarding the DXA scans is
documented.29 The primary outcomes were total percent (%) fat, android % fat, and gynoid
%fat. The secondary outcomes were %fat (head, arm, leg, and trunk), total abdominal

fat (TAF), subcutaneous adipose tissue (SAT), and visceral adipose tissue (VAT). Hologic
APEX software was used to estimate the area, mass, and volume of subcutaneous and
visceral adipose tissue. SAT is measured at the approximate location of the interspace
between the L5 and L4 vertebrae outside the abdominal cavity. VAT is measured at

the same location in the abdominal cavity. TAF refers to the accumulation of fat in the
abdominal region, including SAT and VAT. In the population subgroups, primary outcomes
are presented.

Assessment of Covariates

Sociodemographic and lifestyle factors including biological sex, age, race and ethnicity,
educational level, income, smoking, and physical activity were self-reported via
standardized questionnaires. Race and ethnicity (non-Hispanic White, non-Hispanic Black,
Hispanic, Non-Hispanic Asian, and other) was self-reported according to prespecified
categories in the NHANES. Educational levels were categorized into < high school graduate,
high school graduate or equivalent, some college, and > college graduate. Household income
was classified as the ratio of family income to poverty into <1.30, 1.30-3.49, and =3.50
according to Supplemental Nutrition Assistance Program eligibility.3° Nonsmokers were
defined as those had smoked < 100 cigarettes during their lifetime. Former smokers were
defined as those had previously smoked > 100 cigarettes during their lifetime but were not
currently smoking. Current smokers were grouped into smokers smoking for some days and
smokers smoking daily < 20 cigarettes per day and = 20 cigarettes per day. Physical activity
was calculated as a continuous variable in metabolic equivalent task-minutes (MET-min) per
week using duration of self-reported moderate and vigorous work and recreational activities
and MET score for each activity.3!

Statistical Analysis

Participants were categorized according to quintiles of UPF contribution to total energy
intake (% daily energy intake) in the diet. Multivariable-adjusted linear regression models
were used to assess the associations between UPF in quintiles and each of primary

and secondary outcomes, with predicted means standardized to the distribution of the
model covariates within the analytical sample. All analyses incorporated NHANES sample
weights, accounting for differential probabilities of selection and the complex survey design
to produce nationally representative estimates of the noninstitutionalized US population. To
minimize confounding, covariates included age, sex, race and ethnicity, education, income,
smoking, and physical activity, selected prior to analysis based on their known or suspected
role with consumption of UPF and body composition.

This study further explored stratified analyses for associations between UPF consumption
and primary outcomes in key population subgroups, including by age, sex, race/ethnicity,
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education, and income. For potential effect modification by these subgroups, the survey-
weighted Wald F statistic was used to test for an interaction between the quintiles of UPF
consumption and subgroup variable. Because these subgroup analyses were exploratory, ~-
values for interaction were Bonferroni-corrected to 2-sided alpha=0.003 (0.05/ 5 [subgroups]
x3[exposures]). Statistical analyses were performed using Stata, version 16.1, with 2-sided
alpha=0.05.

A total of 9,640 adults (mean [SD] age, 38.8 [11.9] years; 48.8% female) were included in
the analysis, with UPF accounting for more than half (55.5%) of daily energy consumption.
In crude analyses comparing higher to lower UPF consumption, individuals were on

average younger, non-Hispanic White or non-Hispanic Black adults compared to other races/
ethnicities, less educated, lower income, and current smokers (Table 1). UPF intake had a
U-shaped relation with physical activity.

The relationships of UPF consumption with body composition are shown in Table 2.
Compared to adults in the lowest quintile of UPF consumption (<39.4 %energy), adults in
the highest quintile (>72.1 %energy) had significantly higher percentage points of total %fat
by 1.60 (95% ClI, 0.94, 2.26), of android %fat by 2.08 (95% ClI, 1.26, 2.89), and of gynoid
%fat by 1.32 (95% ClI, 0.71, 1.93) (all ~trend<0.001). Similar associational patterns with
UPF consumption were observed for secondary outcomes. For example, those in the highest
quintile of UPF consumption had higher percentage points of arm %fat by 1.73 (95% ClI,
0.93, 2.52), of leg %fat by 1.32 (95% Cl, 0.61, 2.03), and of trunk %fat by 1.87 (95% ClI,
1.14, 2.59). Adults in the highest quintile of UPF consumption had 53.7 cm? higher TAF
area (95% Cl, 35.7, 71.6), 259 g higher TAF mass (95% Cl, 172, 345), 280 cm? higher TAF
volume (95% Cl, 186, 373), 43.9 cm? higher SAT area (95% Cl, 29.7, 58), 212 g higher SAT
mass (95% ClI, 143, 280), 229 cm? higher SAT volume (95% Cl, 155, 302), 9.77 cm? higher
VAT area (95% Cl, 5.14, 14.4), 47.1 g higher VAT mass (95% Cl, 24.8, 69.4), and 50.9 cm?3
higher VAT volume (95% ClI, 26.8, 75.1) (all AP-trend<0.001).

In stratified analysis, the associations of UPF consumption and primary outcomes were
similar across most subgroups including by age, sex, education, and income (Figures 1-2,
Appendix Tables 2-4). After adjusting for multiple comparison, the relationship between
UPF consumption and total %fat and gynoid %fat appeared to be modified by race and
ethnicity (~-interaction<0.003 each). Comparing the highest to lowest quintile of UPF
consumption, the multivariable adjusted difference in percentage points of total %fat was
1.85 (95% Cl, 0.86, 2.84) for non-Hispanic White adults, 1.57 (95% CI, 0.68, 2.46)

for Hispanic adults, 0.22 (-0.93, 1.36) for non-Hispanic Black adults, and 0.93 (95%

Cl, -0.57, 2.42) for non-Hispanic Asian adults (~-interaction=0.001). The corresponding
multivariable adjusted difference in gynoid %fat was 1.68 (95% ClI, 0.80, 2.58) for non-
Hispanic White adults, 1.12 (95% Cl, 0.16, 2.09) for Hispanic adults, 0.18 (-0.77, 1.13) for
non-Hispanic Black adults, and —0.16 (95% ClI, -1.6, 1.25) for non-Hispanic Asian adults
(P-interaction=0.0027). These associations also appeared visually less prominent among
adults with lowest household income, but this difference was not statistically significant
(P-interaction=0.04 for total, 0.03 for android, and 0.06 for gynoid %fat).
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Discussion

In this nationally representative study, the cross-sectional relationships of UPF consumption
with body fat composition were assessed among US men and non-pregnant women aged
20-59 years old. This investigation found a positive relationship of UPF consumption with
total %fat, android %fat and gynoid %fat, as well as other secondary measures of body

fat. In general, these patterns were consistent across subgroups including by age, sex,
education, and income. In exploratory analyses, UPF consumption was less associated with
body fat composition among non-Hispanic Black and non-Hispanic Asian adults than among
non-Hispanic White and Hispanic adults.

This investigation extends prior studies assessing UPFs and adiposity by assessing objective
measures of total and regional body fat. The role of body fat distribution, beyond body
weight, in the onset of and clinical complications from diabetes and CVD can be dated
back to 1947 and has been confirmed by a large body of subsequent research.32 In 1947,

a French physician reported different features of android fat accumulation vs gynoid fat
accumulation with diabetes or clinical signs of CVD.33 In 1980s, researchers from Sweden
and US showed that the ratio of wait-to-hip circumference as a simple index of regional
body fat distribution was more correlated with metabolic complications and CVVD outcomes
as compared to BM1.34-38 With advances in technology, more precise measures of body

fat distribution are available and enable differentiation between subcutaneous and visceral
fat. Several studies have shown positive associations of body fat measures with disease
outcomes.3%-42 For example, childhood fat mass rather than weight may be a more precise
marker of long-term type 2 diabetes risk in adulthood.#2 High volumes of VAT and SAT are
associated with incident metabolic risk factors that could not be accounted for by overall
adiposity.#3 Specific body fat measures (whole-body fat, trunk fat, and leg fat) are also
linked with risk of breast cancer as well as higher levels of insulin, triglycerides, leptin and
C-reactive protein, and interleukin 6. 4

These findings are broadly consistent with the three prior studies on ultraprocessed food
consumption and body fat distribution1921.44 byt extend and expand these prior findings in
several ways. First, two of these prior studies were in relatively select populations, including
those aged from 7 to 24 years from the Avon Country, southwest England or Spanish men
and women aged 55-75 years with overweight or obesity and metabolic syndrome. This
study extends previous findings by providing the most up-to-date estimates in a nationally
representative US sample, examining previously unreported DXA scanned adiposity
measures 4546 and characterizing potential subgroup differences across sociodemographic
characteristics. Second, UPF intake was quantified based on repeated 24-hr dietary recalls
with detailed information on specific foods and beverages, including brand names, places of
purchase and nutrition composition. Third, outcomes include diverse regional fat measures
as well as measures of subcutaneous and visceral fat. Fourth, this study had reasonable
statistical power to explore effect modification of the association of UPF consumption with
body fat composition by important sociodemographic subgroups.

A key limitation of this and prior large studies is the cross-sectional nature of the analysis,
which cannot establish temporality of the associations. However, in a 2-week randomized
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and controlled c+ross-over feeding trial, researchers found that even after matching on
dietary energy density, fat, protein, carbohydrate, sugar, sodium and fiber for overall
available meals, participants eating UPF had increased energy intake by ~500 kcal/d and
increased weight gain of ~2 kg, compared to when they ate unprocessed or minimally
processed foods.® This study also found that consumption of UPFs increased body fat
mass by 0.4 kg. Mechanisms for these effects are not established, but could include

a faster consumption level of UPF; the generally higher glycemic index of UPF;*7 the
more complete digestion of UPF in the stomach and small intestine, resulting in less
nutrition for the large gut microbiome and a higher proportion of energy consumed by

the host vs. microbiota (causing differential host-microbiome energy partitioning);*84° the
potential influence of artificial additives in UPF on the microbiome, glycemic responses, or
hunger and satiety;>? and the loss of specific prebiotics, phenolics, and other bioactives in
UPF that may protect against adiposity.>! Moreover, obesogens present in food packaging
and processing, which can disrupt production, release, transport, and action of hormones
involved in regulating metabolism and appetite, may influence an increase in body fat.52
The new findings from the present study support the need for additional interventional and
mechanistic studies of how UPF may influence body composition and adiposity.10:53

In exploratory analyses, this study identified statistically stronger associations of UPF
consumption with body fat measures among non-Hispanic White and Hispanic adults than
non-Hispanic Black or Asian adults. The reasons for these differences are unclear. Asian
American adults sampled in NHANES are predominantly English-speaking, who tend to
have higher income and education and healthier behaviors and lifestyles than non-sampled
Asian adults; and the observed finding in this racial subgroup may not be generalizable to
other Asian American adults. Although the models included major potential confounders,
observed differences in relationships by race and ethnicity could also relate to how the
composite measures of UPF was constructed, leading to differential misclassification across
this subgroup; to reverse causation (individuals in these racial/ethnic categories with higher
body fat choosing to eat less UPF); or to other unexplained factors. Although the impact

of multiple comparisons was incorporated, these findings could also be due to chance. This
study supports the need for future research to further evaluate these findings, including
longitudinal studies using objective imaging techniques such as DXA scan, computed
tomography, and magnetic resonance imaging among diverse population.

Since the emergence of NOVA classification system proposed by Monteiro et al. in

2010,° associations of UPF consumption with many adverse health outcomes have been
reported. Several meta-analysis and systematic reviews have synthesized the evidence from
prospective cohort studies and reported that highest consumption of UPF was associated
with higher risk of all-cause mortality, CVD, depression, and type 2 diabetes.”>* In addition,
a positive association of UPFs with risk of cancer has been seen.%:56 The findings from this
study extend prior reports by evaluating the association of UPF consumption with a range of
objectively measured body fat.
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Limitations

Potential limitations should be noted. As described above, results are cross-sectional,
precluding assessment of temporality. Dietary information was collected through self-report,
which is subject to measurement errors. However, the dietary 24-hr recalls were conducted
by trained dietary interviewers using the computer-assisted personal interview system and
results were further adjusted for total energy, both of which reduce measurement error.
While 24-hr diet recalls provide unbiased population average estimates, they may not
accurately measure the habitual (long-term) diets of specific individuals. Some food items
may have been misclassified due to the methods used for identifying and categorizing
UPFs. However, in NHANES dietary data, detailed brand names, places of purchase,

and nutritional composition for each food item are available to reasonably classify UPF.
Inaccuracies may arise from using the Food and Nutrient Database for Dietary Studies

to disaggregate potential handmade mixed dishes into underlying ingredients, because

this database uses standard recipes based on assumptions about types and quantities

of ingredients. To reduce potential classification errors, all food items were classified
independently by 2 researchers. Absence of data or discrepancies regarding degree of
processing were generally solved opting for the lesser degree of processing which may
have underestimated UPF consumption. Known and suspected confounders were adjusted
in the model; however, residual confounding or confounding from unknown or unmeasured
factors may bias the results. Only participants aged 8-59 years were eligible for DXA scans,
so adults aged 60 years and older were not included in this analysis.

Conclusion

In a national US sample, higher UPF consumption was positively associated with greater
body fat—a direct measure of adiposity. These cross-sectional findings call for prospective,
interventional, and mechanistic studies to assess the impact of UPF on body composition in
different populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Predicted means of percent fat (total, android, gynoid) across quintiles of ultraprocessed
food consumption (%E) among US adults (aged 20-59 years) by age groups (Panel A)

and sex (Panel B), NHANES 2011-2018. Data were adjusted for NHANES survey weights
to be nationally representative. %E, % energy; NHANES, National Health and Nutrition
Examination Survey. By age, P-trend<0.001 for all. P-interactions are 0.88 for total %fat,
0.42 for android %fat, and 0.86 for gynoid. By sex, P-trend <0.001 for all. P-interactions are
0.19 for total %fat, 0.03 for android %fat, and 0.67 for gynoid.
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Figure 2.
Predicted means of percent fat (total, android, gynoid) across quintiles of ultraprocessed

food consumption (%E) among US adults (aged 20-59 years) by race/ethnicity (Panel A),
education (Panel B) and income (Panel C), NHANES 2011-2018. Data were adjusted

for NHANES survey weights to be nationally representative. %E, % energy; NHANES,
National Health and Nutrition Examination Survey. By race/ethnicity, for total %fat, P-
trend<0.001 for non-Hispanic White and Hispanic, P-trend=0.47 for non-Hispanic Black,
P-trend=0.04 for non-Hispanic Asian. For android %fat, P-trend<0.001 for non-Hispanic
White and Hispanic, P-trend=0.17 for non-Hispanic Black, P-trend=0.007 for non-Hispanic
Asian. For gynoid, P-trend<0.001 for non-Hispanic White, P-trend=0.009 for Hispanic,
P-trend=0.42 for non-Hispanic Black, P-trend=0.72 for non-Hispanic Asian. P-trend P-
interactions are 0.001 for total %fat, 0.006 for android %fat, and 0.0027 for gynoid. By
education, for total %fat, P-trend=0.004 for less than high school, P-trend=0.006 for high
school graduate, P-trend=0.002 for some college and P-trend=0.003 for college graduate or
above. For android %fat, P-trend=0.01 for less than high school, P-trend=0.004 for high
school graduate, P-trend=0.006 for some college and P-trend<0.001 for college graduate or
above. For gynoid %fat, P-trend<0.001 for less than high school, P-trend=0.003 for high
school graduate, P-trend=0.01 for some college and P-trend=0.04 for college graduate or

Am J Prev Med. Author manuscript; available in PMC 2024 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Liuetal.

Page 16

above. P-interactions are 0.87 for total %fat, 0.96 for android %fat, and 0.49 for gynoid. By
income, for total %fat, P-trend=0.51 for ratio of family income to poverty level (PIR)<1.30,
P-trend<0.001 for PIR: 1.30-3.49 and PIR>=3.50. For android, P-trend=0.50 for PIR<1.30,
P-trend<0.001 for PIR: 1.30-3.49 and PIR>=3.50. For gynoid, P-trend=0.44 for PIR<1.30,
P-trend=0.005 for PIR: 1.30-3.49, P-trend<0.001 for PIR>=3.50. P-interactions are 0.04 for
total %fat, 0.03 for android %fat, and 0.06 for gynoid.
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Characteristics of Study Participants Aged 20 -59 Years and Older by Quintiles of the Contribution of
Ultraprocessed Foods to Total Energy Intake, NHANES 2011-2018

Characteristics

N (Survey-weighted %)2

Overall

(n=9.640) Q1 (n=2,221) | Q2 (n=1,965) | Q3 (n=1,854) | Q4 (n=1,765) | Q5 (n=1,835)
% Total calorie intake 55.5 <39.4 39.4-51.1 51.1-61.2 61.2-72.1 >72.1
Age (SD), years 39.0(10.2) 40.5 (10.8) 39.4 (10.3) 39.2 (9.75) 39.0 (9.47) 36.8 (10.2)
20-39 51.6 475 50.7 51.5 50.1 58.5
40-59 48.4 52.5 49.3 48.5 49.9 41.5
Sex
Male 51.5 51.3 48.9 50.7 53.2 53.2
Female 48.5 48.7 51.1 49.3 46.8 46.8
Race/Ethnicity
Non-Hispanic White 60.0 49.3 58.7 61.4 63.8 66.5
Non-Hispanic Black 11.2 8.64 9.44 11.0 12.2 15.0
Hispanic 18.4 21.7 21.3 20.3 16.7 12.1
Non-Hispanic Asian 6.72 17.0 7.18 4.65 3.06 1.71
Other 3.66 3.34 3.45 2.61 4.22 4.68
Education level
Less than high school graduate 12.9 11.9 13.2 13.0 13.0 13.3
High school graduate or GED 22.0 18.1 19.2 20.2 22.8 29.8
Some college 33.3 28.4 30.7 33.6 35.6 384
College graduate or above 31.7 445 36.9 33.2 28.5 185
Ratio of family income to poverty
level
<1.30 22.8 20.5 22.6 20.5 221 28.4
1.30to 3.49 322 29.7 321 30.8 331 35.2
>=3.50 38.7 42.3 39.8 421 38.4 30.8
Smoking status
Never 58.9 60.6 61.2 60.0 57.1 55.6
Former 19.6 211 19.8 21.2 19.1 16.9
Current smoker
Some days 4.77 4.39 5.63 4.19 5.58 4.05
<20 cigarettes/d 11.3 9.16 8.56 111 12.6 14.9
220 cigarettes/d 5.40 4.73 4.64 3.53 5.58 8.49
Physical activity, METs-min
Q1 27.2 239 26.7 26.4 29.9 29.3
Q2 23.1 24.5 23.8 24.3 225 20.4
Q3 24.7 285 24.8 26.2 21.9 222
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Characteristics

N (Survey-weighted %)2

Overall
(n=9,640)

Q1 (n=2,221)

Q2 (n=1,965)

Q3 (n=1,854)

Q4 (n=1,765)

Q5 (n=1,835)

Q4

25.0

23.1

24.7

23.2

25.8

28.1

Abbreviations: NHANES, National Health and Examination Survey; SD, standard deviation; METs-Min, metabolic equivalent Q1=<39.4%;
Q2=39.4%-51.1%; Q3=51.1%-61.2%; Q4=61.2%-72.1%; Q5=>72.1%.

a . . .
Data were weighted to be nationally representative.

Am J Prev Med. Author manuscript; available in PMC 2024 September 01.




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Liuetal.

Table 2.

Page 19

Associations of Ultraprocessed Food Consumption with Body Composition Among US Adults Aged 20 -59

Years, NHANES 2011-2018 (N=9,640). *

Body Differences across Quintiles of UPF Consumption (%E) Mean Values across Quintiles of UPF Consumption (%E) P for
composition trend
measures Q1 Q2 Q3 Q4 Q5 Q1(<394) | Q2 Q3 Q4 Q5 (>72.1)

(<39.4) | (39.4-51.1) | (51.1-61.2) | (61.2-72.1) | (>72.1) (39.4-51.1) (51.1-61.2) (61.2-72.1)
Primary
outcomes
Total body 0.47 1.60 <0.001
Y%fat 0.0 (-0.15, 1.21(0.69, | 1.42(0.78, | (0.94, 317 321 329 331 333
(Ref) 1.09) 1.74) 2.06) 2.26) (31.2-32.2) (31.6-32.6) (32.5-33.3) (32.6-33.6) (32.8-33.8)
Android 0.32 2.08 <0.001
Y%fat 0.0 (-0.45, 1.57 (0.90, | 1.83(1.07, | (1.26, 33.6 339 35.2 354 35.7
(Ref) 1.09) 2.24) 2.59) 2.89) (33-34.2) (33.3-34.6) (34.7-35.7) (34.8-36.0) (35.1-36.3)
Gynoid %fat 1.32 <0.001
0.0 0.64 (0.08, | 1.14(0.67, | 1.25(0.69, | (0.71, 34.3 349 354 35.6 35.6
(Ref) 1.21) 1.60) 1.80) 1.93) (33.9-34.7) (34.5-35.4) (35.1-35.8) (35.1-36.0) (35.1-36.1)
Secondary
outcomes
Head %fat 0.005 0.05 0.10 <0.001
0.0 (-0.06, (-0.005, 0.09 (0.02, | (0.04, 24.0 24.0 24.1 24.1 24.1
(Ref) 0.07) 0.10) 0.15) 0.15) (24-24.1) (24-24.1) (24-24.1) (24.1-242) | (24.1-24.2)
Arm %fat 0.51 1.73 <0.001
0.0 (-0.22, 1.25(0.61, | 1.29(0.47, | (0.93, 32.4 329 33.6 33.7 34.1
(Ref) 1.25) 1.90) 2.11) 2.52) (31.8-32.9) (32.3-33.5) (33.1-34.1) (33.0-34.3) (33.5-34.7)
Leg %fat 0.61 1.32 <0.001
0.0 (-0.08, 1.13(0.58, | 1.36(0.71, | (0.61, 34 34.6 35.1 35.3 35.3
(Ref) 1.30) 1.68) 2.0) 2.03) (33.5-34.5) (34.1-35.1) (34.6-35.6) (34.8-35.9) (34.8-35.8)
Trunk %fat 0.39 1.87 <0.001
0.0 (-0.31, 1.35(0.74, | 1.63(0.93, | (1.14, 30.6 31 32.0 322 325
(Ref) 1.09) 1.96) 2.33) 2.59) (30-31.2) (30.4-31.6) (31.5-32.4) (31.7-32.8) (31.9-33)
Total <0.001
abdominal 53.7
fat area 0.0 13.6 (4.0, | 37.3(21.0, | 47.4(30.9, | (357, 402 416 440 450 456
(cm?) (Ref) 31.2) 53.6) 63.8) 71.6) (390-415) (401-430) (427-452) (436-463) (441-471)
Total <0.001
abdominal 65.5 259
fat mass 0.0 (-19.0, 180 (101, 228 (149, (172, 1939 2005 2119 2168 2198
(gm) (Ref) 150) 259) 308) 345) (1879-1999) | (1934-2076) | (2059-2179) | (2101-2234) | (2127-2269)
Total <0.001
abdominal 70.9 280
fat volume 0.0 (-21.0, 194 (109, 247 (161, (186, 2097 2167 2291 2344 2376
(cmd) (Ref) 162) 280) 333) 373) (2032-2161) | (2091-2244) | (2226-2356) | (2271-2416) | (2300-2453)
SAT area 123 43.9 <0.001
(cm?) 0.0 (-1.70, 29.0 (16.5, | 38.4(24.9, | (29.7, 306 318 335 344 350
(Ref) 26.2) 41.5) 51.8) 58) (296-315) (307-330) (325-344) (333-356) (338-361)
SAT mass 50.1 212 <0.001
(gm) 0.0 (-8.30, 140 (79.7, 185 (120, (143, 1474 1533 1614 1659 1686
(Ref) 127) 200) 250) 280) (1429-1520) | (1478-1589) | (1568-1661) | (1605-1714) | (1631-1741)
SAT volume 229 <0.001
(cmd) 0.0 63.9 (-9.0, | 151(86.1, 200 (130, (155, 1594 1658 1745 1794 1823
(Ref) 137) 216) 270) 302) (1545-1643) | (1598-1717) | (1695-1795) | (1735-1853) | (1763-1882)
VAT area 1.34 9.77 <0.001
(cm?) 0.0 (-3.10, 8.28(3.91, | 9.01(4.73, | (5.14, 96.5 97.8 105 105 106
(Ref) 5.8) 12.7) 13.3) 14.4) (92.8-100) (93.9-102) (101-108) (102-109) (102-110)
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Body Differences across Quintiles of UPF Consumption (%E) Mean Values across Quintiles of UPF Consumption (%E) P for

composition trend
measures Q1 Q2 Q3 Q4 Q5 Q1(<394) | Q2 Q3 Q4 Q5 (>72.1)

(<39.4) | (39.4-51.1) | (51.1-61.2) | (61.2-72.1) | (>72.1) (39.4-51.1) (51.1-61.2) (61.2-72.1)
VAT mass 6.45 47.1 <0.001
(gm) 0.0 (-15.0, 39.9(18.9, | 43.4(22.8, | (24.8, 465 472 505 509 512

(Ref) 27.9) 61) 64.1) 69.4) (448-483) (453-491) (487-523) (491-526) (493-531)
VAT volume 6.97 50.9 <0.001
(cm3) 0.0 (-16.0, 43.2 (204, | 47 (24.7, (26.8, 503 510 546 550 554

(Ref) 30.2) 66) 69.3) 75.1) (484-522) (489-530) (527-565) (531-569) (533-574)

Abbreviation: NHANES, National Health and Nutrition Examination Survey; %fat, percent fat; SAT, subcutaneous adipose tissue; UPF, ultra-
processed foods; VAT, visceral adipose tissue.

a\lalues are multivariable-adjusted differences compared to the lowest quintile as the reference (left columns) or multivariable-adjusted mean
values in each quintile (right columns). Analyses were weighted to be nationally representative and adjusted for age (years), sex (male, female),
race/ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic, and others), education (less than high school, high school graduate or GED,
some college, or college graduate or above), and the ratio of family income to poverty (<1.30, 1.30-1.849, 1.85-2.99, and =3.0), smoking status
(never smoker, former smoker, and smokers smoking for some days and smokers smoking daily less than 20 cigarettes per day and equal or larger
than 20 cigarettes per day), and physical activity (METs-Min). Individuals with missing data on education (/7=2), income (7=727), physical activity
(rm=1), and smoking (/7=9) were created as a special category.

Abbreviations: SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue.
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