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Graphical abstract

Search strategy Findings Implications

Conclusion:
UPF consumption is a worldwide concern with significant public health implications. Current evidence of higher-quality studies shows UPF is not only associated
with obesity and type-2 diabetes but is also a potential risk factor for NAFLD and MetS. The evidence for an association with IR was insufficient and conflicting.
However, further research on the association of UPF with NAFLD and related metabolic alterations is needed to draw firm conclusions

� ↑ UPF intake = ↑ T2D and obesity risk

� All large-scale prospective cohorts that studied
NAFLD or MetS outcomes demonstrated a
positive association

� Most studies that did not find an association were
cross-sectional and had a significantly smaller
sample size
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Highlights Impact and implications

� UPF consumption is associated with obesity and

type 2 diabetes.

� We systematically reviewed the association of UPF
with NAFLD, MetS and IR.

� All large-scale prospective cohorts found an asso-
ciation of UPF with NAFLD and MetS.

� These associations were independent of BMI and
energy intake.

� Limiting consumption of UPF may be advised for
NAFLD prevention.
https://doi.org/10.1016/j.jhepr.2023.100964
Overconsumption of ultra-processed food (UPF) may lead to
the development of obesity and type 2 diabetes, but the
association with non-alcoholic fatty liver disease (NAFLD) is
not well established. The present systematic review shows
that UPF may be associated with NAFLD, although more
large prospective studies are needed. These findings
emphasize the importance of minimizing the consumption
of UPF to prevent NAFLD and other metabolic diseases
among the general adult population. This systematic review
and further prospective studies, epidemiological or inter-
ventional, can help physicians provide patients with
evidence-based nutritional recommendations and will sup-
port policymakers in restricting the marketing of UPF as well
as promoting affordable, healthy, and minimally processed
foods.
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Background: High ultra-processed food (UPF) consumption is associated with the development of various diet-related non-
communicable diseases, especially obesity and type 2 diabetes. The present study aimed to systematically review the asso-
ciation between UPF consumption and non-alcoholic fatty liver disease (NAFLD) and its leading risk factors; metabolic
syndrome (MetS) and insulin resistance (IR).
Methods: A comprehensive search was conducted in PubMed, Scopus, Embase, Web of Science, CINAHL, and Cochrane (March
2023), and references of the identified articles were checked. The search keywords were defined through an exploratory
investigation in addition to MeSH and similarly controlled vocabulary thesauruses. Observational and interventional studies
were included. Studies that focused only on specific groups of processed foods or overlapping dietary patterns were excluded.
The quality assessment was conducted using the Joanna Briggs Institute’s critical appraisal tools for observational studies and
Cochrane’s risk of bias 2 tool for randomized-control trials. A narrative synthesis was employed to report the results.
Results: Fifteen studies were included, with a total of 52,885 participants, one randomized-controlled trial, and fourteen
observational studies (nine cross-sectional and five prospective). The review has shown a significant association between UPF
consumption and NAFLD in three studies out of six, MetS in five out of eight, and IR in one out of three. All large-scale
prospective cohorts that studied NAFLD or MetS outcomes demonstrated a positive association. In contrast, studies that
did not demonstrate significant associations were mostly cross-sectional and small. The evidence for an association with IR
was insufficient and conflicting.
Conclusion: The included studies are few, observational, and based upon self-reported dietary assessment tools. However,
current evidence indicates that UPF is not only associated with obesity and type 2 diabetes but may also be a risk factor for
NAFLD and MetS. UPF is a worldwide concern deserving further longitudinal research.
Impact and implications: Overconsumption of ultra-processed food (UPF) may lead to the development of obesity and type 2
diabetes, but the association with non-alcoholic fatty liver disease (NAFLD) is not well established. The present systematic
review shows that UPF may be associated with NAFLD, although more large prospective studies are needed. These findings
emphasize the importance of minimizing the consumption of UPF to prevent NAFLD and other metabolic diseases among the
general adult population. This systematic review and further prospective studies, epidemiological or interventional, can help
physicians provide patients with evidence-based nutritional recommendations and will support policymakers in restricting
the marketing of UPF as well as promoting affordable, healthy, and minimally processed foods.
© 2023 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Non-alcoholic fatty liver disease (NAFLD), recently renamed meta-
bolic dysfunction-associated steatotic liver disease (MASLD),1 is the
most common chronic liver disease worldwide, and according to a
Keywords: ultra-processed food; fatty liver; metabolic syndrome; insulin resistance;
systematic review.
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recent meta-analysis, it has an estimated overall global prevalence
of 32.4% (95% Cl 29.9-34.9%) among the adult population.2 The
NAFLD spectrum includes hepatic steatosis andprogression to non-
alcoholic steatohepatitis (NASH), fibrosis, and cirrhosis.3 Moreover,
it is a multi-system disease that interacts with many metabolic
pathways and is closely associated with metabolic syndrome
(MetS),4,5 insulin resistance (IR), type 2 diabetes (T2D), and
obesity.6–8 The global prevalence of NAFLD, according to twometa-
analyses, was estimated at 75.3% (95% CI 70.9-79.2%) among the
obese population9 and 55.5% (95% CI 47.3-63.7%) among patients
with T2D.10 Moreover, while no meta-analysis was conducted, a
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recent systematic review found that NAFLD prevalence was signif-
icantly higher among people with MetS and increased with the
number of MetS criteria.11 Other well-established key lifestyle fac-
tors associated with NAFLD include lack of physical activity, high
sedentary behavior,12 and poor nutritional intake.13 Moreover,
current strategies for treating and preventing NAFLD focus on life-
style changes, weight reduction, and controlling comorbid condi-
tions associatedwithNAFLDpathogenesis, such as IR, dyslipidemia,
and T2D.14 A large numberof studies have been conducted to assess
the relationship between NAFLD and overall dietary patterns,15–17

as well as different nutritional components,18–20 implicating satu-
rated fatty acids (SFAs)21–23 and added fructose, mainly in the form
of sucrose (i.e. table sugar) andhigh-fructose cornsyrup (HFCS),24,25

as major risk factors. Among the leading sources of these nutrients
in the modern diet are ultra-processed foods and drinks (UPF),
made of contents derived from foods and additives, undergoing
multiple industrial processes to create the final product.26 UPF
contain characteristic ingredients of no or rare other culinary use
(such asHFCS andhydrogenated oils) and tend to behigh in energy,
salt, sugars (mainly fructose or HCFS), and fat (in particular SFAs),
with low nutritional value.27 Furthermore, UPF is usually very easy
touse, durable, andhyper-palatable.28 These characteristics, among
other things, have led to a significant increase in UPF consumption
over the last few decades,29–31 accounting for over 50% of mean
energy intake in the UK32 and the US,33 30% inMexico,34 and 21.5%
inBrazil35 for both childrenand adults. The associationbetween the
dietary share of UPF and the risk of various diet-related non-
communicable diseases (NCDs) was broadly investigated, indi-
cating an association with T2D, cardiovascular diseases, cancer, as
well asMetS, obesity and all-causemortality.27,36 The association of
UPF with obesity and T2D is well established and was recently
systematically reviewed.36–41 While the evidence is gradually
increasing, there remains a need for further high-quality studies on
the association betweenUPF consumption andNAFLD, aswell as its
major risk factors, MetS and IR. Therefore, a systematic review on
the associationbetweenUPF consumption andNAFLD,MetS, and IR
was conducted.Moreover, in order to cover a broader perspective, a
comprehensive literature summary was conducted on the associ-
ation between UPF consumption and obesity and T2D.
Materials and methods
This study was submitted to the International Prospective Reg-
ister of Systematic Reviews – PROSPERO (CRD42023397579) and
conducted according to the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-analysis) guidelines42 (for the
full PRISMA 2020 checklist, see Table S1).

Search strategy
The systematic literature search was completed in March 2023,
with the assistance of the University of Haifa library service for
systematic reviews. The search was conducted in the following
databases: PubMed, Scopus, Embase, Web of Science, CINAHL,
and Cochrane (Table S2). Further studies were searched non-
systematically on Google Scholar and by checking the refer-
ences of the identified articles. The systematic search strategy
was related to exposure to UPF and outcomes of NAFLD, MetS,
and IR. The search keywords were defined through an explor-
atory investigation in addition to MeSH (Medical Subject Head-
ings; PubMed\Cochrane) and similarly controlled vocabulary
thesauruses (CINAHL Subject Headings, CINAHL; Emtree,
Embase) to locate relevant articles (Table S3). We restricted the
JHEP Reports 2024
results to the terms contained only in the title or title and
abstract.

The non-systematic section of this review was related to
exposure to UPF and outcomes of obesity and T2D. A thorough
literature search was conducted in Google Scholar and PubMed
and by checking the references of identified articles.

Eligibility criteria
Different food classification systems have been proposed to
categorize foods regarding food processing. A systematic review
has shown that of the main five systems compared, NOVA is the
most specific, coherent, clear, comprehensive, and workable.43

Furthermore, as of today, the NOVA food classification is the
most common system applied worldwide.27,28 Thus, we included
studies that used the NOVA food classification system and
studies that did not use the NOVA food classification system but
classified foods based on their processing level similarly to
NOVA. Since UPF as a whole has been shown to be related to
various NCDs,27 we chose to include only studies that assessed
UPF as a whole to elaborate on its association with NAFLD. In
addition, studies focusing only on specific subgroups of pro-
cessed foods (such as sugar-sweetened beverages or processed
meat) were excluded since these subgroups have already been
demonstrated to be related to NAFLD.24,44,45 Additional inclusion
criteria were: adult participants (aged >18 years); observational
studies (cross-sectional and prospective); interventional studies;
results reported as odds ratios (ORs), relative risks (RRs), hazard
ratios (HRs), or b, with 95% CIs. In the systematic section, we
assessed the association with NAFLD, MetS, and IR as diagnosed
using any recognized diagnostic tools and criteria. Importantly,
for NAFLD outcome, we excluded studies that included pop-
ulations with viral hepatitis, autoimmune or inherited (Wilson
disease and hemochromatosis) liver diseases, alcohol-related
fatty liver disease, and fatty liver suspected to be secondary to
hepatotoxic drugs or inflammatory bowel diseases. In addition,
for MetS outcomes, we excluded studies focusing only on specific
metabolic parameters, which are part of the MetS criteria (e.g.,
fasting glucose and lipid profile). In the non-systematic section,
we assessed the association with obesity and T2D, diagnosed
according to standard criteria. In particular, for the obesity
outcome, we included studies that estimated overweight,
obesity, and abdominal obesity. No restrictions were applied on
years, language, or quality of publication.

Data extraction
Two independent reviewers (S.Z.S and L.G) assessed the eligi-
bility of the selected papers based on previously defined inclu-
sion and exclusion criteria. In case of disagreement, reviewers
resolved it by consensus. The decision to include the studies was
conducted in two stages; first, based on the study title and ab-
stract screening, and next, by full-text reading. Finally, the
following information was extracted from each selected study:
author (year, location); source of data (setting, length); study
population and participant demographics; exposure variables
and details of the intervention; adjustment for potentially con-
founding variables; main outcome variables and results; infor-
mation for the assessment of the risk of bias.

Quality assessment
The quality of each included study identified through the sys-
tematic search was assessed by at least two independent re-
viewers (from the following: S.Z.S, L.G, S.E.A, D.I.W., and M.G.K)
2vol. 6 j 100964



by using the Joanna Briggs Institute’s critical appraisal tools for
observational studies46 and the Cochrane Collaboration’s tool47

for risk of bias in randomized-controlled trials (RCTs) (RoB 2
tool). In case of disagreement, reviewers resolved it by
consensus.

Data synthesis
In light of the variability in the assessment methods of UPF
consumption and the studied clinical outcomes, and due to a
relatively low number of studies for each of the outcomes, a
narrative synthesis approach was chosen to report the results.
We tabulated study characteristics and classified studies into
groups according to the different outcomes and study designs.
The findings were synthesized to provide extended insights
regarding the associations of interest.
Results
Study selection
The selection process is shown in Fig. 1. A total of fifteen eligible
studies were included, fourteen studies were included at the end
of the selection process, and one additional study was identified
through backward citation tracking (six studies with NAFLD
outcome, eleven studies with MetS or IR outcomes [two studies
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Fig. 1. Flowchart of the study selection process for the present systematic rev
and fourteen observational studies (nine cross-sectional and five prospective). IR,
disease; RCT, randomized-controlled trial.
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examined several outcomes]). Of the final eligible studies
selected, one was an RCT, and fourteen were observational
studies (nine cross-sectional and five prospective).

A list of full-text articles that did not meet the inclusion
criteria, including the detailed reasons for their exclusion, is
presented in the supplementary material (Table S4).
Systematic evaluation of the association between UPF
consumption and the risk of NAFLD
A summary of all studies is depicted in Table 1. Despite the
similarity in the method used to evaluate UPF consumption
(based on the NOVA classification system), there was inconsis-
tent evidence among the few observational studies examining
the associations between UPF consumption as a whole and
NAFLD. The study with the largest sample size is a recent pro-
spective cohort of Chinese adults (n = 16,168),48 with NAFLD
evaluated by abdominal ultrasound (AUS), in which participants
in the upper quartile of UPF consumption (calculated as nutrient
density, g/1,000 kCal per day) had an 18% higher risk of devel-
oping NAFLD compared to those in the lower quartile. Further-
more, an increment of 62.7 g/1,000 kCal per day in UPF
consumption (equal to one SD) was associated with a 6%
increased risk of NAFLD in the fully adjusted model, taking into
account BMI and principal risk factors contributing to NAFLD
cluded by title and abstract review
n = 1,824

Duplicate removed
n = 2,100

luded articles (n = 38), with reasons:
nspecified classification-not based on processing level (n = 15)
id not assess UPF as a whole (only subgroups, as junk food or processed
eat) (n = 5)
or MetS outcome-studies that did not assess MetS as a whole (only
etabolic components separately or other cardiovascular risk indices) (n = 6)
etters, editorials, meeting abstracts or reviews (n = 5)
appropriate outcome (other) (n = 3)
appropriate exposure (other) (n = 4)

ies identified through other sources 
(backward citation tracking)

n = 1

iew. Fifteen studies were included at the end of the selection process, one RCT,
insulin resistance; MetS, metabolic syndrome; NAFLD, non-alcoholic fatty liver
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Table 1. Ultra-processed food consumption and NAFLD (n = 6).

Author (year,
location)

Source of data
(mean/median
follow-up time)

Population age-
range and/or
mean ± SD
(%women)

Dietary question-
naire
UPF assessment
method

Adjustment Main results

Intervention
Hall KD. (2020,
USA)53

Inpatient, crossover
RCT

n = 20 31.2±1.6 y
(50%)
n = 13 sub-sample
with liver MRS

UPF diet vs. un-
processed diet for
2 weeks, followed
by the alternate
diet for the next 2
weeks. All meals
provided at an
amount of
1.6*EER, to
consume ad libi-
tum during
60 min.
NOVA
classification

Randomization Baseline liver fat (by MRS) was
1.2±0.1%. Liver fat was not
significantly changed after the
unprocessed diet (0.95±0.1%,
p = 0.24) or the UPF diet
(1.1±0.2%; p = 0.74)

Prospective
Zhang S.
(2022, China)48

The Tianjin Chronic
Low-grade Systemic
Inflammation and
Health (TCLSIH) (4.2 y)

n = 16,168 18-90 y
38.3±0.2 y (57.4%)

Quantitative 81/
100-items FFQ (in
the past month,
previously vali-
dated)
NOVA classifica-
tion (nutrient
density, g/1,000
kCal per day)

Age, gender, BMI,
smoking status,
alcohol consumption,
educational level,
occupation, household
income, physical ac-
tivity, family history of
diseases, depressive
symptoms, energy
intake, healthy diet
score, hypertension,
diabetes, and
hyperlipidemia

Participants with the highest
UPF consumption (4th quartile
vs. 1st quartile) had 18% rela-
tively higher risk of developing
NAFLD (by AUS) (HR 1.18, 95% CI
1.07-1.30; p for trend <0.0001).
HR (95% CI) for one standard
deviation increment in UPF
consumption, equivalent to
62.7 g/1,000kCal per day, was
1.06 (1.03-1.09)

Konieczna J.
(2022, Spain)49

Sub-sample from the
Spanish Prevention
with Mediterranean
Diet (PREDIMED-Plus
trial) Prospective
analysis nested in RCT
(1 y, first year)

n = 5,867 55-75 y
65.0±4.9 y (47.8%)

Semi-quantitative
143-items FFQ
at baseline, 6- and
12-month follow-
up
NOVA classifica-
tion (% of total
food weight) (UPF
coded as contin-
uous and sex-
specific quintiles)

Age, gender, study
arm, educational level,
smoking status,
height, physical activ-
ity, sedentary
behavior, alcohol con-
sumption, and follow-
up time. (also sensi-
tivity analysis for di-
etary factors, obesity
measures, and related
diseases)

A 10% increment in UPF con-
sumption was associated with
greater levels of NAFLD-related
biomarkers; FLI score (b = 1.60,
95% CI 1.24-1.96) and HSI score
(b = 0.43, 95% CI 0.29-0.57).
FLI- estimates for Q5 vs. Q1; b =
3.73, 95% CI 3.10-4.35. HSI- es-
timates for Q5 vs. Q1; b = 0.93,
95% CI 0.67-1.18; p for trend
<0.001)

Cross-sectional
Liu Z.
(2022, USA)50

National Health and
Nutrition Examination
Survey (NHANES)

n = 6,545 >20 y
mean 49.3 y
(0.34ySE) (53.5%)

24-hour dietary
recall
NOVA classifica-
tion (% of total
food weight)

Age, gender, race/
ethnicity, educational
level, family income to
poverty ratio, marital
status, smoking status,
BMI, serum ALT, fast-
ing triglycerides, total
cholesterol, and uric
acid

Higher UPF consumption (4th

quartile of >68.3% vs. 1st quartile
of <41.6%) was associated with
higher odds for probable
NAFLD, as evaluated by FLI >−30
(OR 1.83, 95% CI 1.33–2.53). A
10% increment in UPF con-
sumption was associated with
15% higher odds for probable
NAFLD (OR 1.15, 95% CI 1.09-
1.22; p for trend <0.001)

Friden M. (2022,
Sweden)52

Prospective investiga-
tion of Obesity, En-
ergy, and Metabolism
(POEM)

n = 286 50 y (all
participants) (53%)

Semi-quantitative
140-items FFQ (a
shorter version of
a previously vali-
dated FFQ)
NOVA classifica-
tion (% of total
kCal)

Gender, BMI, educa-
tional level, physical
activity, smoking sta-
tus, alcohol consump-
tion, and dietary
factors (protein, fiber,
total sugar, saturated
and polyunsaturated
fat intake)

Intake of UPF was positively
associated with liver fat (by
MRI) in crude linear regression
models (b = 0.02, p = 0.006).
However, the association was
attenuated after further adjust-
ments.
A 10% increment in UPF con-
sumption was not associated
with the prevalence of NAFLD
(OR 1.32, 95% CI 0.84–2.09)

(continued on next page)
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Table 1 (continued)

Author (year,
location)

Source of data
(mean/median
follow-up time)

Population age-
range and/or
mean ± SD
(%women)

Dietary question-
naire
UPF assessment
method

Adjustment Main results

Ivancovsky-
Wajcman D.
(2021, Israel)51

Hepatic screening
study

n = 789
40-70 y 58.8±6.6 y
(47.4%)

Semi-quantitative
117-items FFQ
NOVA classifica-
tion (% of total
kCal)

Age, gender, BMI,
saturated fat intake,
protein intake, phys-
ical activity, coffee
consumption, and fi-
ber intake

UPF consumption (above me-
dian of 28% vs. under median)
had no association with NAFLD
(by AUS), NASH, and significant
fibrosis biomarkers (FibroMax,
BioPredictive).
Higher UPF consumption
among subjects with NAFLD
was associated with higher
odds for NASH (OR 1.89, 95% CI
1.07-3.38). Higher UPF con-
sumption among ever smokers
in the entire sample and those
with NAFLD was associated
with significant fibrosis (OR
1.89, 95% CI 1.03-3.45 and OR
2.85, 95% CI 1.14-7.14, respec-
tively)

ALT, alanine aminotransferase; AUS, abdominal ultrasound; FFQ, food frequency questionnaire; FLI, fatty liver index; HSI, hepatitis steatosis index; MRS, magnetic resonance
spectroscopy; NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis; OR, odds ratio; RCT, randomized-controlled trial; UPF, ultra-processed food; WC,
waist circumference.
among other confounders. Moreover, supporting results were
found in two other observational studies in which NAFLD was
evaluated by biomarkers.49,50 The first, a cross-sectional study
among US adults (n = 6,545) with NAFLD evaluated by the fatty
liver index.50 The second, a prospective analysis nested in an RCT
among Spanish adults (1 year of follow-up, n = 5,867), with
NAFLD evaluated by the fatty liver index and hepatic steatosis
index.49

In contrast, two smaller-scale cross-sectional studies51,52 that
examined the associations between UPF consumption and the
prevalence of NAFLD found no significant independent associa-
tions. In the first study among Swedish adults (n = 286), which
evaluated liver fat by magnetic resonance imaging (MRI), intake
of UPF was positively associated with liver fat in crude linear
regression models. However, the association was attenuated
following adjustments.52 In the second study held in Israel (n =
789),51 no association was found with NAFLD (by AUS). Still,
participants with NAFLD who consumed more than 28.4% of
their daily energy from UPF (above sample median) had almost
two-fold higher odds for NASH according to serum markers
(NASHtest) (OR 1.89, 95% CI 1.07-3.38). Moreover, stratification
by smoking status revealed a positive association between high
UPF consumption and significant fibrosis marker (FibroTest) only
among past or current smokers.

Only a small-sample sub-analysis (n = 13) within a crossover
RCT examined the effect of 14-day UPF food intake on liver fat
measured by magnetic resonance spectroscopy (MRS), showing
no significant impact of unprocessed or UPF diet interventions.53

Systematic evaluation of the association between UPF
consumption and the risk of metabolic syndrome and insulin
resistance
A summary of all studies is depicted in Table 2. All studies that
examined the association between UPF and MetS or IR used
NOVA food classification and were observational. Most studies
pointed towards a positive association. The two most recent and
extensive prospective cohorts took place in Brazil and China (n =
8,065 and n = 5,147, respectively) and examined the association
JHEP Reports 2024
between UPF intake and the risk for MetS.54,55 Despite consid-
erable differences in the study population as well as in the
amount of UPF consumed (median UPF consumption – Brazil
366 g/day; China 16.3 g/day), higher UPF consumption was
associated with increased risk for MetS in both cohorts (4th vs. 1st

quartile; RR 1.19, 95% CI 1.07-1.32 and HR 1.17, 95% CI 1.01-1.35, in
Brazil and China, respectively). In contrast, another study in the
Brazilian population (n = 896),56 with a prolonged follow-up
time of 14 years, did not find an association. However, this
study was conducted before the use of the NOVA food classifi-
cation, and as emphasized by the authors, it was not initially
designed to accurately measure UPF intake.

Positive associations were also observed in three cross-
sectional studies,51,57,58 including a large-scale examination sur-
vey conducted among 6,385 US adults,57 in which higher UPF
consumption (5th quintile of >71% vs. 1st quintile of <30%) was
associated with a higher prevalence of MetS (prevalence ratio
1.28, 95% CI 1.09-1.50), and a dose-response association for every
10% increase in UPF consumption was observed.

On the other hand, two smaller-scale cross-sectional surveys
found no significant association between UPF consumption and
the prevalence of MetS.59,60 Both studies have limitations. The
first study was conducted among a very specific Quilombos
community and solely among women (Brazil, n = 895).59 The
second study was conducted among a representative population
but used NOVA food classification followed by dietary pattern
analysis (Lebanon, n = 302),60 in which the ‘ultra-processed’ di-
etary pattern also included non-UPF products such as roasted
nuts and low-fat dairy, which may have led to an inadequate
exposure assessment.

Only three cross-sectional studies examined the association
between UPF and IR, using NOVA food classification and a variety
of indices to estimate IR. The first, by Liu et al. (n = 6,545, US
population),50 found that higher UPF consumption (4th vs. 1st

quartile) was associated with higher odds for IR (OR 1.52, 95% CI
1.12-2.07), as evaluated by HOMA-IR (homeostatic model
assessment for IR). Furthermore, a 10% increment in UPF con-
sumptionwas associated with 11% higher odds for IR. Conversely,
5vol. 6 j 100964
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another study (Iran, n = 391, 100% women) did not demonstrate a
significant association with HOMA nor with the QUICKI (quan-
titative insulin-sensitivity check index).61 Similarly, no associa-
tion was found in the third study conducted among 325 Brazilian
adults, which evaluated IR using the triglyceride-glucose index.62

The association between UPF consumption and primary risk
factors for NAFLD
Overweight, obesity, and abdominal obesity
A summary of all studies is depicted in Table 3. The vast majority
of the observational studies found a positive association between
UPF consumption and several anthropometric measures: BMI,
overweight, obesity, and abdominal obesity. All but one of the
studies evaluated UPF consumption using the NOVA classifica-
tion system. In an extensive prospective study based on the
French NutriNet-Santé cohort (n = 110,260),63 UPF intake was
positively associated with BMI gain and risk of overweight and
obesity. In a recent cohort study of the UK Biobank (n = 18,218),
UPF consumption was related to a higher risk of multiple in-
dicators of obesity.64 A 79% and 30% higher risk of developing
obesity and abdominal obesity was observed among those in the
upper quartile compared to the lower quartile of UPF con-
sumption. Similar results were observed in several other cohort
studies.55,65–70

On the other hand, two cross-sectional studies found no
significant associations between intake of UPF and measures of
body weight. However, it should be noted that the first study
(published in 2015, n = 2,174) used a previous three-group NOVA
classification that is no longer in use,71 and the more recent
study was a relatively small-scale study with a convenience
sample of 200 adults.72

A few studies indicated gender differences. A cross-sectional
national study of 15,977 US adults found a significant interac-
tion between gender and UPF consumption for BMI and waist
circumference, with a more pronounced association among
women.73 Two other cross-sectional studies (UK, n = 6,143;
Australia, n = 7,411) found a stronger association between UPF
and obesity measures among women,74,75 and one additional
Brazilian cohort (n = 896) demonstrated an increased risk for
abdominal obesity only among women (RR 0.57, 95% CI 0.43-
0.77) with no association among men.56

A 2021 meta-analysis of observational studies (twelve cross-
sectional and two prospective) supported the association be-
tween UPF consumption and increased risk of overweight (OR
1.36, 95% CI 1.23-1.51), obesity (OR 1.51, 95% CI 1.34-1.70), and
abdominal obesity (OR 1.49, 95% CI 1.34-1.66).37 Similar findings
were found in three other meta-analyses conducted between
2020-2021,37–40 with one reporting a linear dose-response
association.40

Only a single crossover RCT examined the effect of UPF food
intake on obesity,53 in which twenty adults were given an ad
libitum UPF diet vs. an unprocessed diet for 2 weeks each. During
the UPF diet, the energy intake was greater by about 500 kCal/
day, correlating to weight gain and resulting in about 1 kg weight
gain vs. 1 kg weight reduction in those receiving the unprocessed
diet.

Type 2 diabetes
A summary of all studies is depicted in Table 4. All the studies
that examined the association between UPF consumption and
the risk of T2D found a strong and positive association using the
NOVA food classification. All but one of the studies were
JHEP Reports 2024
prospective cohorts, with the first published at the beginning of
2020 by Srour B. and colleges (NutriNet-Sante, France).76 In this
study (n = 104,707, follow-up time of 6 years), a 10% increment in
UPF consumption was associated with a higher risk of T2D (HR
1.13, 95% CI 1.03-1.23). This association was later confirmed by
four other large prospective cohort studies conducted in
different settings.41,77–79 Notably, one of them is a recent study
that demonstrated an association between UPF intake and T2D
risk among three large US cohorts (n = 71,871, n = 87,918, and n =
38,847; follow-up of 5,187,678 person-years). This study also
conducted a meta-analysis of five prospective cohort studies
(including the present US cohort analysis), which further sup-
ported a positive association between UPF and T2D (pooled RR
for each 10% increment of total UPF consumptionwas 1.12, 95% CI
1.10-1.13).41

Quality assessment
The quality assessment of the included studies identified
through the systematic search is depicted in Table S5. According
to Joanna Briggs Institute’s critical appraisal tools for observa-
tional studies, cohort studies were scored 9 to 11, and cross-
sectional studies were scored 6 to 8. Three cohorts48,54,55 and
four cross-sectional50,51,57,58 studies represented the highest
quality (with a maximum of 11 and 8 points assigned to them,
respectively). The most common risk of bias was regarding the
reliability and validity of the methods used to evaluate the out-
comes. The single crossover RCT included was evaluated sepa-
rately using Cochrane’s RoB 2 tool for RCTs. Accordingly, the
study was evaluated as having ‘some concern for bias’, stemming
from the limitation that NAFLD was tested only among a small
sub-sample (see Table S6).
Discussion
The present study systematically reviewed the association be-
tween UPF consumption and NAFLD and its leading risk factors;
MetS and IR. Furthermore, it covered a broader perspective by
comprehensively reviewing the association between UPF and
other primary risk factors for NAFLD: obesity, and T2D.

While increased UPF consumption is strongly and consis-
tently associated with obesity and T2D in the vast majority of the
studies reviewed, pointing at a dose-response relationship, evi-
dence concerning NAFLD, MetS, and IR outcomes is less robust.
Specifically, the analysis carried out in this current systematic
review found an increased risk of NAFLD in three studies out of
six,48–50 MetS in five out of eight,51,54,55,57,58 and IR in one out of
three.50 Most studies that demonstrated an association with
NAFLD were prospective, including a study in which NAFLD was
evaluated by AUS, showing a significant association between
high consumption of UPF and the incidence of NAFLD.48 A sub-
stantial drawback is that half of the studies were cross-sectional
and thus did not allow causal inference. In addition, the only
interventional study had a very small sample size and was not
explicitly designed to study NAFLD.53 Furthermore, very few
studies examined additional outcomes of NAFLD, such as NASH
and fibrosis markers. Importantly, all studies adjusted for BMI
and considered total daily energy intake (either by adjustment or
as part of the UPF assessment method). Thus, in those demon-
strating an association between UPF and NAFLD, the association
seems independent of BMI, obesity, or energy intake.

Most studies that demonstrated an association with MetS
were large-scale examination surveys, including two recent and
6vol. 6 j 100964



Table 2. Ultra-processed food consumption and metabolic syndrome1 and insulin resistance (n = 11).

Author
(year, location)

Source of data (mean/me-
dian follow-up time)

Population age - range
and/or mean ± SD (% women)

Dietary questionnaire
UPF assessment method

Adjustment Main results

Prospective studies
Canhada SL.
(2023, Brazil)54

Brazilian Longitudinal Study
of Adult health (ELSA-Brazil)
(7.9 y)

n = 8,065
35-74 y
(58.7%)

Semi-quantitative 114-items
FFQ
NOVA classification (g/day)

Age, gender, BMI, center, race/
color, income level, school
achievement, smoking status,
physical activity, alcohol con-
sumption, energy intake

Higher UPF consumption (4th quartile
of >552 g/day vs. 1st quartile of
<234 g/day) was associated with 19%
increased risk of incident MetS
(RR 1.19, 95% CI 1.07–1.32). A 150 g
increase in UPF consumption a day
was associated with a 4% higher risk
of incident MetS (RR = 1.04, 95% CI
1.02–1.06)

Pan F.
(2023, China)55

China Nutrition and Health
Survey (CNHS)
(6 y)

n = 5,147
>18 y
(50.0%)

24-hour dietary recall of 3
consecutive days at each sur-
vey
Cumulative mean UPF intake
NOVA classification (g/day)

Gender, age, BMI, educational
level, place of residence, re-
gions, income level, smoking
status, drinking status, meta-
bolic equivalents, urbanicity,
energy intake, and dietary
factors (protein, total fat, car-
bohydrate, and sodium
intake)

Higher UPF consumption (4th quartile
of >36.1 g/day vs. 1st quartile of
<6.5 g/day(was associated with 17%
increased risk for MetS (HR 1.17,
95% CI 1.01–1.35; p for trend = 0.047)

Magalhães EIDS.
(2022, Brazil)56

The Ribeirão Preto birth
cohort
(14 y)

n = 896
23-25 y (55.7%)

Semi-quantitative 83-item
FFQ (non-validated)
NOVA classification (% of total
kCal)
NOVA classification (% of total
food weight)

Gender, age, skin color,
educational level, marital
status, household income,
alcohol consumption, smok-
ing status, physical activity,
and energy intake

UPF consumption had no association
with MetS (% of kCal RR 1.00, 95% CI
0.99-1.01; % of weight RR 1.00, 95% CI
0.99-1.01)

Cross-sectional studies
Bezerra Barbosa L.
(2023, Brazil)59

Quilombos community-based
survey

n = 895
19-59 y
(100%)

24-hour dietary recall
NOVA classification (% of total
kCal)
NOVA score (ranging from
0 to 23)

Model 3. Excess weight and
neck circumference, plus var-
iables from model 1 that
showed p < 0.05 in the anal-
ysis for the aforementioned
model - age and household
income

Higher UPF consumption (4th quartile
of 40.5% vs. 1st quartile of 0.0%) was
not associated with a higher preva-
lence of MetS (PR 1.09, 95% CI 0.89-
1.32). None of NOVA score categories
were associated with higher preva-
lence of MetS

Liu Z.
(2022, USA)50

National Health and Nutrition
Examination Survey
(NHANES)

n = 6,545
>20 y
mean 49.3 y (0.34 y SE)
(53.5%)

24-hour dietary recall
NOVA classification (% of total
food weight)

Age, gender, race/ethnicity,
educational level, family in-
come to poverty ratio, marital
status, smoking status, BMI,
serum ALT, fasting tri-
glycerides, total cholesterol,
and uric acid

Higher UPF consumption (4th quartile
of >68.3% vs. 1st quartile of <41.6%)
was associated with higher odds for
IR (OR 1.52, 95% CI 1.12–2.07), and a
10% increment in UPF consumption
was associated with 11% higher odds
for IR (OR 1.11, 95% CI 1.05–1.18; p for
trend <0.002). IR was defined as the
upper quartile (>Q4) of the study
sample’s HOMA levels (>4.37)

Silva Meneguelli T.
(2022, Brazil)62

The Cardiovascular Health
Care Program of the Univer-
sity Federal of Vicosa (PRO-
CARDIO-UFV)

n = 325
>−20 y
(58.5%)

24-hour dietary recall
NOVA classification (% of total
kCal)

Gender, age, schooling,
marital status, smoking sta-
tus, and physical activity

No association was found between
UPF and IR (PR 1.01, 95% CI 0.99-1.02).
IR was defined as the upper quartile
(>Q4) of the study sample’s TyG index
(exact threshold not specified)

(continued on next page)
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Table 2 (continued)

Author
(year, location)

Source of data (mean/me-
dian follow-up time)

Population age - range
and/or mean ± SD (% women)

Dietary questionnaire
UPF assessment method

Adjustment Main results

Hosseininasab D.
(2022, Iran)61

The community health center
of the Tehran University of
Medical Sciences (TUMS)

n = 391
18-48 y
36.7±9.1 y
(100%)

Semi-quantitative 147-items
FFQ
NOVA classification (g/day)

Model 1. Age, BMI, physical
activity, energy intake, sup-
plement intake, job status

In adjusted linear regression models,
an increase in one gram of UPF con-
sumption was not significantly asso-
ciated with QUICKI (b = -4.306, 95% CI
-0.001-0.001) nor HOMA (b = -2.096,
95% CI -0.002-0.002) in the main
multivariable model

Ivancovsky-Wajc-
man D.
(2021, Israel)51

Hepatic screening study n = 789
40-70 y 58.8±6.6 y (47.4%)

Semi-quantitative 117-items
FFQ
NOVA classification (% of total
kCal)

Age, gender, BMI, saturated
fat intake, protein intake,
physical activity, coffee con-
sumption, and fiber intake

Higher UPF consumption (above me-
dian of 28%) was associated with
higher odds for MetS (OR 1.88, 95% CI
1.31-2.71)

Martínez Steele E.
(2019, USA)57

National Health and Nutrition
Examination Survey
(NHANES)

n = 6,385
>20 y
(50.8%)

24-hour dietary recall
NOVA classification (% of total
kCal)

Gender, age, race/ethnicity,
family income to poverty ra-
tio, educational attainment,
smoking status, and physical
activity

A 10% increase in UPF consumption
was associated with a 4% higher
prevalence of MetS (PR 1.04, 95% CI
1.02-1.07). Higher UPF consumption
(5th quintile of >71% vs. 1st quintile of
<40%) was associated with a higher
prevalence of MetS (PR 1.28, 95% CI
1.09-1.50). The association was
stronger in young adults (PR 1.94,
95% CI 1.39-2.72) and decreased with
age

Lavigne-Robi-
chaud M.
(2018, Canada)58

Nituuchischaayihititaau
Aschii Environment-and-
Health Study

n = 811
>−18 y
(58.7%)

24-hour dietary recall
NOVA classification (% of total
kCal)

Age, gender, area of residence,
smoking status, alcohol con-
sumption, and energy intake

Higher UPF consumption (5th quintile
of 83% vs. 1st quintile of 21%) was
associated with higher prevalence of
MetS (OR 1.90, 95% CI 1.14-3.17; p for
trend = 0.04)

Nasreddine L.
(2018, Lebanon)60

Community-based survey n = 302
>−18 y 39.4±13.8 y
(61.2%)

Semi-quantitative 80-items
FFQ
NOVA classification (% of total
kCal) followed by dietary
pattern analysis. The ultra-
processed dietary pattern
consisted mainly of fast foods,
snacks, and sweets, while also
including meat, roasted nuts,
and liquor

Age, gender, BMI, marital sta-
tus, area of residence, educa-
tional level, income level,
smoking status, physical ac-
tivity, and energy intake

The ultra-processed dietary pattern
had no association with MetS
(OR 1.11, 95% CI 0.26-4.65)

AHA, American Heart Association; ALT, alanine aminotransferase; FFQ, food frequency questionnaire; HOMA-IR, homeostatic model assessment for insulin resistance; HR, hazard ratio; IR, insulin resistance; MetS, metabolic
syndrome; OR, odds ratio; PR, prevalence ratio; QUICKI, quantitative insulin-sensitivity check index; RR, relative risk; TyG, triglyceride-glucose (index); UPF, ultra-processed food.
1 MetS definition as accepted, recommended by several statements and guidelines of medical associations109,110 and with modification for use in the Asian population:111 the presence of at least three of five criteria; impaired fasting
glucose (fasting glucose >−100 mg/dl and/or medication), hypertension (systolic blood pressure/diastolic blood pressure >−130/80-85 mmHg and/or medication), hypertriglyceridemia (triglycerides >−150 mg/dl and/or medications), low
levels of high-density lipoprotein cholesterol <40/50 mg/dl (among men and women, respectively), and abdominal obesity (elevated waist circumference among men and women, population- and country-specific definitions). Research
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Table 3. Ultra-processed food consumption and overweight, obesity, and abdominal obesity (n = 21).

Author (year, location) Source of data (mean/me-
dian follow-up time)

Population age - range and/
or mean ± SD (% women)

Dietary questionnaire
UPF assessment method

Main results

Intervention
Hall KD.
(2020, USA)53

Inpatient, crossover RCT n = 20
31.2±1.6 y
(50%)

UPF diet vs. unprocessed diet for 2
weeks, followed by the alternate diet
for the next 2 weeks. All meals were
provided at an amount of 1.6*EER, to
consume ad libitum during 60 min.
NOVA classification

Energy intake was greater during the UPF diet
(508±106 kCal/day; p = 0.0001), with increased
consumption of carbohydrate (280±54 kCal/day;
p <0.0001) and fat (230±53 kCal/day; p = 0.0004).
Participants gained 0.8±0.3 kg (p = 0.01) during
the UPF diet and lost 1.1±0.3 kg (p = 0.001) during
the unprocessed diet

Prospective studies
Pan F. (2023, China)55 China Nutrition and Health

Survey (CNHS) (6 y)
n = 5,147
>18 y
(50.0%)

24-hour dietary recall of 3 consecu-
tive days at each survey
Cumulative mean UPF intake
NOVA classification (g/day)

Higher UPF consumption (4th quartile of >36.1 g/
day vs. 1st quartile of <6.5 g/day) was associated
with 33% increased risk of abdominal obesity
(WC >−90 for men and >−80 for women) (HR = 1.33,
95% CI 1.18–1.51; p for trend <0.001)

Magalhães EIDS.
(2022, Brazil)56

The Ribeirão Preto birth
cohort
(14 y)

n = 896
23-25 y
(55.7%)

Semi-quantitative 83-items FFQ
(non-validated)
NOVA classification (% of total kCal)
NOVA classification (% of total food
weight)

Only in women, UPF consumption was associ-
ated with increased risk of abdominal obesity (%
of kCal RR = 0.57, 95% CI 0.38-0.85; % of weight
RR = 0.57, 95% CI 0.43-0.77)

Li M. (2021, China)68 China Nutrition and Health
Survey (CNHS) (NA)

n = 12,451
>20 y
43.7±14.7 y
(51.3%)

24-hour dietary recall of 3 consecu-
tive days at each survey
Cumulative mean UPF intake
NOVA classification (g/day)
categorized into four levels: non-
consumers, 1–19 g/day, 20–49 g/day,
>−50 g/day

Higher UPF consumption (levels: 1-19 g/day, 20-
49 g/day, >−50 g/day vs. non-consumers) was
associated with increased risk of overweight/
obesity (BMI >−25 kg/m2) (OR (95% CI) 1.45 (1.26-
1.65), 1.34 (1.15-1.57), and 1.45 (1.21-1.74),
respectively, p for trend = 0.015), and of central
obesity (OR (95% CI) 1.54 (1.38-1.72), 1.35 (1.19-
1.54), and 1.50 (1.29-1.74), respectively)

Cordova R.
(2021, 9 European countries)69

European Prospective Investi-
gation into Cancer and Nutri-
tion (EPIC) study
(5 y)

n = 348,748
25-70 y
(73%)

Quantitative dietary questionnaires
or semi-quantitative FFQ, or a com-
bination of semi-quantitative FFQ and
7- and 14-day records. NOVA classi-
fication (quintiles of energy-adjusted
UPF consumption, g/day, using the
residual method)

Energy-adjusted UPF consumption quintiles
(176±102, 221±117, 270±129, 364±133,
686±303 g/day).
Higher consumption of UPF (per 1 SD increment)
was positively associated with weight gain
(0.12 kg/5 years, 95% CI 0.09-0.15). Higher UPF
consumption (5th quintile vs. 1st quintile) was
associated with greater risk of becoming over-
weight/obese in normal weight participants
(RR = 1.15, 95% CI 1.11-1.19), and with greater risk
(RR = 1.16, 95% CI 1.09-1.23) of becoming obese in
participants who were overweight at baseline

Konieczna J.
(2021, Spain) (67)

Sub-sample from the Spanish
Prevention with Mediterra-
nean Diet (PREDIMED-Plus
trial)
Prospective analysis nested in
RCT
(1 y, first year)

n = 1,485
55-75 y
65.3±5 y
(47.5%)

Semi-quantitative 143-items FFQ at
baseline, 6- and 12-month follow-up
(face-to-face)
NOVA classification (% of total food
weight)

A 10% increment in UPF consumption was asso-
ciated with greater accumulation of visceral fat
measured with DXA (b 0.09 z-score, 95% CI 0.05-
0.13), android-to-gynoid fat ratio (0.05, 0.00-
0.09, and total fat (0.09, 0.06-0.13). Comparison
of the highest UPF consumption (3rd tertile vs. 1st

tertile) related to increased regional and overall
adiposity during follow-up, with a significant
dose-response relationship (p for trend <0.05)

(continued on next page)
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Table 3 (continued)

Author (year, location) Source of data (mean/me-
dian follow-up time)

Population age - range and/
or mean ± SD (% women)

Dietary questionnaire
UPF assessment method

Main results

Rauber F.
(2021, UK)64

Sub-sample of the UK Bio-
bank cohort
(5 y)

n = 18,218
40-69 y 55.9±7.4 y
(52.1%)

24-hour dietary recall (web-based,
self-administered)
NOVA classification (% of total kCal)
(Quartiles of UPF, sex-specific cut-
offs)

Higher UPF consumption (4th quartile; men
71.7% and women 70.3% vs. 1st quartile; men
26.3% and women 24.1%) was associated with
higher risk for obesity (HR = 1.79, 95%Cl 1.06-
3.03), abdominal obesity (HR = 1.30, 95%Cl 1.13-
1.48), >−5% increase in BMI (HR = 1.31, 95% Cl 1.20-
1.43), WC (HR = 1.35, 95%Cl 1.25-1.45) and %BF
(HR = 1.14, 95% Cl 1.03-1.25)

Sandoval-Insausti H.
(2020, Spain)70

Seniors-ENRICA-1 cohort
(6 y)

n = 652
>−60 y
67.1±5.8 y
(44.3%)

Face-to-face dietary history (DH-
ENRICA), recording all food
consumed in a typical week in the
preceding year.
NOVA classification (% of total kCal)
(tertiles of UPF, sex-specific cut-offs)

Participants with a higher UPF consumption (3rd

tertile of 28.7% vs. 1st tertile of 7.3%) were more
likely to develop abdominal obesity (OR = 1.62,
95%Cl 1.04–2.54; p for linear trend = 0.037).
The food groups that contributed the most to this
association were non-alcoholic beverages and
meat products

Beslay M. (2020, France)63 NutriNet-Santé cohort
(4.1 y)

n = 110,260
>−18 y
43.1±14.6 y
(78.2%)

24-hour dietary recall (web-based) of
3 non-consecutive days, randomly
assigned over two weeks
NOVA classification (% of total food
weight)

A positive association between an increment of
10% of UPFs and gain in BMI (b time × UPF
continuous = 0.02 (0.01–0.02), p <0.001). UPF
intake was associated with a higher risk of
overweight (HR for an absolute increase of 10% of
UPF = 1.11, 95% CI 1.08-1.14, p<0.001), and for
obesity (HR for an absolute increment of 10% of
UPF = 1.09, 95% CI 1.05-1.13, p<0.001)

Canhada SL. (2020, Brazil)66 Brazilian Longitudinal Study
of Adult health (ELSA-Brazil)
(3.8 y)

n = 11,827
35-74 y
51.3±8.7 y
(55%)

Semi-quantitative 114-items FFQ
NOVA classification (% of total kCal)

Highest quartile (>30.8%) vs. the lowest quartile
(<17.8%) of UPF consumptionwas associated with
a greater risk of large weight gain and waist gain,
defined as annual gain >−90

th percentile (RR =
1.27, 95% CI 1.07-1.50 and RR = 1.33, 95% CI 1.12-
1.58 respectively), overweight/obesity incidence
(RR = 1.20, 95% CI 1.03-1.40) and obesity inci-
dence (RR = 1.02, 95% CI 0.85-1.21)

Mendonça RD. (2016, Spain)65 The Seguimiento University of
Navarra (SUN-project)
(8.9 y)

n = 8,451
37.6±11.0 y
(65%)

Self-administered semi-quantitative
136-items FFQ
NOVA classification (servings/day)

Participants in the highest quartile vs. the lowest
(6.1 vs. 1.5 servings/day of UPF) had a higher risk
of developing overweight or obesity (HR = 1.26,
95% CI 1.10-1.45; p for trend = 0.001).
A higher incidence of overweight and obesity
with increasing baseline quartiles of UPF

Cross-sectional
Silva Meneguelli T.
(2022, Brazil)62

The cardiovascular health
care program of the Federal
University of Vicosa (PRO-
CARDIO-UFV)

n = 325
>−20 y
(58.5%)

24-hour dietary recall
NOVA classification (% of total kCal)

Positive associations were found between UPF
consumption and excessive body weight (adults
with BMI >−25 kg/m2 and elderlies with BMI >−
28kg/m2) (PR = 1.004, 95% CI 1.00-1.01), and
abdominal obesity (WC >−90 for men and >−80 for
women) (PR = 1.004, 95% CI 1.00-1.01). UPF
consumption was not associated with percent
body fat

Martinez-Perez C.
(2021, Spain)105

The PREDIMED-Plus trial n = 5,636 65.1±4.9 y (48.5%) Semi-quantitative 143-items FFQ
NOVA, IARC, IFIC, and UNC classifica-
tion (g/day)

UPF consumption in all the classification systems
was associated with weight and WC, NOVA
classification showed the highest value. A 5%
increment in UPF consumption was associated
with 0.11 higher BMI (95% CI 0.05-0.18)

(continued on next page)
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Table 3 (continued)

Author (year, location) Source of data (mean/me-
dian follow-up time)

Population age - range and/
or mean ± SD (% women)

Dietary questionnaire
UPF assessment method

Main results

Machado PP. (2020, Australia)75 The National Nutrition and
Physical Activity Survey
(NNPAS)

n = 7,411
20-85 y
(48.3%)

24-hour dietary recall
NOVA classification (% of total kCal)

UPF consumption was associated with higher
BMI and WC and a greater prevalence of obesity
and abdominal obesity (p trend <− 0.001 for all
outcomes). Dose-response associations between
UPF consumption and BMI/obesity.
Higher UPF consumption (5th quintile of 74.2% vs.
1st quintile of 12.7%) was associated with higher
odds of obesity (OR 1.61, 95% CI 1.27-2.04) and
abdominal obesity (OR 1.38, 95% CI 1.10-1.72).
The association between UPF consumption and
BMI/WC was stronger among people aged >−40
years, females, and inactive people

Nardocci M. (2021, Canada)106 Canadian Community Health
Survey (CCHS)-nutrition

n = 13,608
>19 y
(50%)

24-hour dietary recall
NOVA classification (% of total kCal)

A 10% increase in UPF consumption was associ-
ated with 6% higher odds of obesity (OR 1.06,
95% CI 1.02-1.11).
Higher UPF consumption (3rd tertile of >−58.7%
kCal/day vs. 1st of <− 38.5% kCal/day) was associ-
ated with higher odds of obesity (OR 1.31, 95% CI
1.06-1.60). Stratification by education revealed
an association among high-education university
participants (OR 2.17, 95% CI 1.45-3.24); with no
association for adults who graduated high school
or less

Rauber F. (2020, UK)74 The UK National Diet and
Nutrition Survey Rolling Pro-
gramme
(NDNS)

n = 6,143
19-96 y
(51.6%)

Food diary - 4 days
NOVA classification (% of total kCal)

Higher UPF consumption (4th quartile of 74% vs.
1st quintile of 35%) was associated with 1.66 kg/
m2 higher BMI (95% CI 0.96-2.36), 3.56 cm higher
WC (95% CI 1.79-5.33) and higher odds for being
obese (OR 1.90, 95% CI 1.39-2.61). The association
was stronger among women. A dose-response
relationship was observed in both sexes.
A 10% increase in UPF consumption was associ-
ated with 0.38 kg/m2 higher BMI (95% CI 0.20-
0.55), 0.87 cm higher WC (95% CI 0.40-1.33), and
higher odds of being obese (OR 1.18, 95% CI 1.08-
1.28). No association was observed for abdominal
obesity (in both sexes)

Asma’ A. (2019, Malaysia)72 Kuala Nerus, a district in
Terengganu

n = 200
18-59 y
median 33 y
(75%)

24-hour dietary recall – 2 days
NOVA classification (% of total kCal)

UPF consumption was not associated with BMI,
WC, and %body fat

Nardocci M. (2019, Canada)107 Canadian Community Health
Survey (CCHS)

n = 19,363
>−18 y
46±0.13 y
(49%)

24-hour dietary recall
NOVA classification (% of total kCal)

UPF consumption was associated with BMI (the
mean BMI across quintiles of UPF consumption
was 26.6; 27.0; 26.8; 27.3; 27.4 kg/m2; p for trend
< 0.001).
A 10% point increase in UPF consumption was
associated with higher prevalence of obesity (OR
1.05, 95% CI 1.01- = 1.08) and overweight (OR
1.03, 95% CI 1.01-1.07)
Higher UPF consumption (5th quintile of 76.0% vs.
1st quintile of 20.1%) was associated with higher
odds of obesity (OR 1.32, 95% CI 1.05-1.57)

(continued on next page)11
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extensive prospective cohorts.54,55 At the same time, most
studies that did not find an association were cross-sectional
and had a significantly smaller sample size.59,60 There are
no interventional studies in this field. In addition, there were
differences in the extent of adjustment between the studies,
with some of them56–60 not adjusting for known risk factors
for MetS,80 such as BMI, physical activity, and alcohol con-
sumption. Lastly, there is little data regarding the association
between UPF and IR. All three studies were cross-sectional,
and two of them did not focus on IR as the primary
outcome.61,62

The harmful effects of UPF on NAFLD can be explained
through several pathways (Fig. 2). First, the harmful effect may
be partly explained by the poor nutritional value of UPF.27 The
majority of UPF has a high caloric density and large amounts of
added sugar and SFAs, which are well-known risk factors for
NAFLD. Moreover, a high UPF diet may indicate decreased
consumption of foods with high nutritional quality, known as
protective factors for NAFLD, such as fruits and vegetables that
contribute vitamins and fibers (among other nutrients). How-
ever, most studies adjusted for nutritional factors other than
UPF, such as SFA intake, fiber intake, and overall adherence to a
healthy diet, but the association between UPF and NAFLD
persisted.48,49

Second, non-nutritional food compounds or additives
within UPF may contribute to NAFLD, possibly through their
pro-oxidative and proinflammatory properties such as
endocrine-disrupting chemicals (EDCs)81,82 and advanced
glycation end products (AGEs).83,84 EDCs are a large group of
diverse chemical compounds that can be classified as natural
or synthetic. Exposure to the latter is increasing due to the
development of industrialized areas, with pesticides, phtha-
lates, and bisphenol A (BPA) being some of the most charac-
terized EDCs to date.81 BPA exposure is very common and has
been studied in relation to NAFLD. It is a building block of
plastics and of the lining in food and beverage containers and
disrupts pancreatic B-cells function and whole-body glucose
homeostasis.85 A recent study examining the association of
BPA with histological diagnosis of NAFLD found significantly
higher BPA plasma levels among 60 individuals with NAFLD
compared to matched controls, with even higher BPA plasma
levels among individuals with NASH.85 While some studies
demonstrated a link between UPF consumption and increased
exposure to various EDCs,86,87 further studies are needed to
confirm an association with NAFLD.

In addition, UPF can significantly contribute to the intake
of AGEs due to its high sugar, fructose, and fat content and
high heat preparation methods during industrial process-
ing.88 A diet high in AGEs results in increased serum con-
centrations of AGEs,89 and in turn, serum AGEs play a role in
NAFLD pathogenesis. The activation of liver RAGE (AGE re-
ceptor) by AGEs leads to a cascade of downstream signaling,
including oxidative stress and hepatocyte ballooning.88,89 A
case-control study among 675 individuals in Iran found that a
diet high in AGEs was associated with higher odds of NAFLD.84

Furthermore, a meta-analysis of observational studies,
including 1,844 participants, found an association between
different types of serum AGEs and NAFLD.83 Regarding T2D
and MetS, a meta-analysis of thirteen RCTs showed that a diet
low in AGEs reduced serum insulin, total cholesterol, and LDL
levels.90 Another meta-analysis of seventeen RCTs further
found that a diet low in AGEs reduced serum leptin and
12l. 6 j 100964



Table 4. Ultra-processed food consumption and type-2 diabetes (n = 6).

Author (year, location) Source of data (mean/
median follow-up time)

Population age – range
and/or mean ± SD (% women)

Dietary questionnaire UPF
assessment method

Main results

Prospective studies
Chen Z. (2023, USA)41 The Nurses’ Health Study

(NHS), The NHSII, and The
Health Professionals’
Follow-up Study (HPFS)
(NA)

NHS, n = 71,871
30-55 y
(100%)
NHSII, n = 87,918
25-42 y
(100%)
HPFS, n = 38,847
40-75 y
(0%)

Semi-quantitative 116-130-items FFQ
NOVA classification (servings/day)
(sensitivity analysis for total kCal/day,
% of total kCal, % of total food weight,
and energy-adjusted servings/day)

Higher UPF consumption (5th quintile
vs. 1st quintile), as servings/day, was
associated with higher risk of T2D
(pooled HR 1.28, 95% CI 1.21-1.36).
Each one-serving increment in UPF
consumption was associated with
higher risk for T2D (pooled HR 1.03,
95% CI 1.02-1.03).
Higher UPF consumption (5th quintile
vs. 1st quintile), as % of total food
weight, was associated with higher
risk of T2D (pooled HR 1.46, 95% CI
1.391.54). A 10% increment in UPF
consumption was associated with a
higher risk for T2D (pooled HR 1.12,
95% CI 1.10-1.13)

Duan MJ.
(2022, The Netherlands)77

The Lifelines cohort study
(41 months)

n = 70,421
35-70 y
(58.6%)

Semi-quantitative 110-items FFQ
NOVA classification (% of total food
weight) and dietary pattern

A 10% increment in UPF consumption
was associated with a higher risk for
T2D (OR 1.25, 95% CI 1.16-1.34).
Higher risk also for a pattern high in
cold savory snacks (OR 1.16, 95% CI
1.09-1.22) and a pattern high in warm
savory snacks (OR 1.15, 95% CI 1.08-
1.21)

Levy RB.
(2021, UK)79

UK Biobank
(5.4 y)

n = 21,730
40-69 y
55.8+7.4 y
(52.9%)

24-hour dietary recall
NOVA classification (% of total food
weight)

A 10% points increment in UPF con-
sumption was associated with a
higher risk for T2D (HR 1.12, 95% CI
1.04-1.20). Higher UPF consumption
(4th quartile of 49.1% vs. 1st quintile of
7.7%) was associated with higher risk
of T2D (HR 1.44, 95% CI 1.04-2.02; p
for trend <0.028)

Llavero-Valero M.
(2021, Spain)78

The Seguimiento Univer-
sity of Navarra (SUN-
project)
(12 y)

n = 20,060 37.4±12.2 y
(61.5%)

Semi-quantitative 136-items FFQ
NOVA classification (g/day)

Higher UPF consumption (3rd tertile
>323.3 g/day vs. 1st tertile <214.6 g/
day) was associated with higher risk
of T2D (HR 1.53, 95% CI 1.06-2.22),
with a significant dose-response
relationship (p for linear trend =
0.024)

Srour B. (2020, France)76 NutriNet-Santé cohort
(6 y)

n = 104,707
>18 y
(79.2%)

24-hour dietary recall
NOVA classification (% of total food
weight and g/day)

A 10% increment in UPF consumption
was associated with a higher risk for
T2D (HR 1.13, 95% CI 1.03-1.23). For a
100 g/day increment in UPF con-
sumption (HR 1.05, 95% CI 1.02-1.08)

Cross-sectional studies
Nardocci M. (2021, Canada)106 Canadian Community

Health Survey (CCHS)-
nutrition

n = 13,608
>19 y
(50%)

24-hour dietary recall
NOVA classification (% of total kCal)

Higher UPF consumption (3rd tertile
>−58.7%
kCal/day vs. 1st <−38.5% kCal/day) was
associated with higher odds of T2D
(OR 1.37, 95% CI 1.01-1.85)

FFQ, food frequency questionnaire; HR, hazard ratio; OR, odds ratio;T2D, type 2 diabetes; UPF, ultra-processed food.13
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Ultra-processed food

Type-2 diabetesMicrobiome
dysbiosis

Endothelial
dysfunction

High glycemic response
Oxidative stress

Inflammation
Overweight and

obesity

Insulin resistance

Cross-sectional 1/3

Metabolic
syndrome

Prospective 2/3
Cross-sectional 3/5

Prospective 10/10
Cross-sectional 8/10

RCT 1/1

• Low nutritional quality
• Low in fiber
• Low in antioxidants

• High calorie density
• Hyper-palatable
• Durable and easy to use

• EDCs (e.g., BPA)
• Dietary AGEs
• Food additives

• High in saturated and
trans fatty acids

• High in added sugars
• High in salt

Prospective 5/5
Cross-sectional 1/1

Non-alcoholic Fatty Liver Disease 

X/Y – positive associations/total number of studies

Prospective  2/2 | Cross-sectional  1/3 

High evidence Moderate evidence Low evidence

Fig. 2. Ultra-processed food consumption and NAFLD, its major risk factors, and plausible mechanisms underlying the associations. The effect of UPF on
NAFLD can be explained through several pathways. First, the poor nutritional value of UPF. Second, non-nutritional food compounds or additives within UPF (e.g.,
EDCs and AGEs) through their pro-oxidative and proinflammatory properties. Lastly, dietary factors common in UPF were found to alter gut microbiome
composition (dysbiosis), including saturated fatty acids, fructose, and food additives. AGEs, advanced glycated end products; BPA, bisphenol A; EDCs, endocrine-
disrupting chemicals; NAFLD, non-alcoholic fatty liver disease; UPF, ultra-processed food.
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inflammatory and oxidative stress markers and increased
adiponectin.91

Lastly, alterations in microbiome composition and the abun-
dance of specific taxa have repeatedly been related to the path-
ophysiology of NAFLD and NASH.92–94 Multiple factors influence
gut microbiome composition, with a leading role for environ-
mental factors, including those associated with lifestyle and
diet.95,96 Dietary factors common in UPF were found to negatively
influence and alter gut microbiome composition (dysbiosis),
including SFAs, fructose, food additives, and AGEs.97,98 These di-
etary factors contribute to the pathogenesis of obesity-related
disorders, including MetS and NAFLD.99 Only a few studies
examined the association between UPF consumption and gut
microbiota. Among elderly individuals with obesity and MetS,
there were associations between higher UPF consumption and
different taxa abundances (Alloprevotella, Negativibacillus, Pre-
votella, and Sutterella).100 Moreover, alpha diversity was signifi-
cantly lower in males who consumed more than five servings/day
of UPF.101 None of those studies found significant results in terms
of beta diversity and Firmicutes-Bacteroidetes ratio.

The present systematic review has several limitations that
should be addressed. First, as mentioned above, the included
studies were mainly observational and thus prone to reverse
causality (in the cross-sectional studies) and residual con-
founding. However, RCTs with “hard endpoints”, such as NAFLD
incidence, are very difficult or impossible to conduct. Second, in
reported nutritional intake, there is a possibility of a recall bias,
although it is non-differential in prospective studies and thus
JHEP Reports 2024
can only lead to an underestimation of the associations. In fact,
all of the tools applied for dietary assessment were based on
self-reported intake (food frequency questionnaire, 24-hour re-
calls, and food diaries) and were not previously validated or
specifically designed to capture dietary data at the level of
food processing and specifically for NOVA classification. New
technology-based dietary assessment methods should be
adapted (web-based and mobile device applications), allowing
participants to choose specific products from various market
products available, enabling a better evaluation of the product’s
specific industrial processing, additives used, packing method,
etc. Third, none of the studies determined NAFLD and IR with
their gold standard diagnostic tools – liver biopsy and glucose
clamp, respectively. Nevertheless, the non-invasive methods
used in the included studies are validated and accepted diag-
nostic tools appropriate for epidemiological studies.102,103

Finally, a possible publication bias might be expected in favor
of significant findings regarding UPF consumption and health
outcomes.

In turn, our study presents several strengths. Among them
is an extensive exploratory investigation for the widest possible
range of accurate keywords, followed by a rigorous literature
search and selection process. Additionally, as opposed to a
parallel systematic review and meta-analysis that examined the
association between UPF consumption and NAFLD,104 special
attention was made to evaluate the exposure to UPF precisely
and to distinguish the relevant studies that focus on the
assessment of UPF as a whole and not on overlapping dietary
14vol. 6 j 100964



patterns as “Western” and “fast-food” or on specific groups of
processed food (e.g., processed meat). Another strong point was
the variability of the populations studied, strengthening the
external validity of the findings and highlighting their world-
wide relevance. In particular, the various countries studied
have diverse consumption of UPF. According to a 2021 sys-
tematic review,31 worldwide consumption of UPF (as a % of
total energy intake) ranges from 8-51.2% in Brazil to 19-24%
and 17-33% in Spain and France, with the highest percentages
in the UK and the US (>50%). To our knowledge, no study
evaluated the proportion of UPF from total energy intake in
China. Still, according to the China Health and Nutrition Survey
results,68 the mean UPF consumption increased almost four
times from 1997 to 2011, with a daily food weight proportion
of UPF from 1.0-3.6%.

In conclusion, research on the association of UPF with
NAFLD and related metabolic alterations was mostly conducted
in recent years, with insufficient studies to draw a firm
conclusion. However, current evidence from higher-quality
JHEP Reports 2024
studies shows that UPF is a potential risk factor for NAFLD
and MetS. These findings are in accordance with previous
systematic reviews that assessed the association of UPF con-
sumption with other diet-related NCDs, mostly obesity and
T2D, as was also comprehensively demonstrated in our study.
Taken together, it would seem reasonable to advise minimizing
UPF consumption, implemented by increasing awareness of its
harmful health effects among the general public and patients,
using mandatory front-of-pack food labeling, as well as
applying policy measures of taxation of UPF, restricting its
advertising and marketing while subsidizing minimally pro-
cessed foods. Since the growing UPF consumption is a world-
wide concern with significant public health implications,
elaborating on its effects on liver disease and other NCDs is a
priority. Future research should have a prospective design,
epidemiological or interventional, use dietary assessment tools
designed specifically for food processing evaluation, assess
validated clinical liver outcomes, and be supported by mecha-
nistic studies to establish causality.
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