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ABSTRACT

Background: Ultraprocessed foods (UPFs) contribute substantially to global energy intake and are consistently linked to adverse health outcomes.
However, accurately assessing UPF intake remains challenging due to reliance on self-reported data and retrospective processing classification, with
performance highly dependent on reference method quality.

Objectives: To evaluate the validity, reliability, agreement, and risk of bias of instruments used to quantify UPF intake according to the NOVA
classification and to examine the agreement between food processing classification systems.

Methods: We conducted a 2020 PRISMA—compliant systematic review of PubMed/MEDLINE, Scopus, and Web of Science from inception to 12
January, 2026, without language restrictions. Two reviewers (IC-R and AS-L) independently screened studies, extracted data, and assessed

Abbreviations: FFQ, food frequency questionnaire; ICC, intraclass correlation coefficient; PABAK, prevalence-adjusted bias-adjusted kappa; UPF, ultraprocessed food; k,
Cohen’s kappa.
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methodological quality via the COnsensus-based Standards for the selection of health Measurement INstruments (COSMIN) risk of bias checklist. The
evidence was synthesized narratively and through structured visual summaries of test—retest reliability (intraclass correlation coefficients), relative
(criterion/convergent) validity against dietary reference methods, classification agreement (Cohen’s k and prevalence-adjusted bias-adjusted «), and

internal consistency (Cronbach’s a or McDonald’s o).

Results: Thirty studies were included: 19 evaluated basic dietary intake instruments (NOVA-oriented food frequency questionnaires, short screening
tools, or UPF scores), 4 examined biomarker-based or indirect tools, and 7 assessed contextual or auxiliary instruments. The test-retest reliability of the
dietary intake instruments was generally moderate-to-high (intraclass correlation coefficients ~ 0.46—0.94). Relative validity against dietary reference
methods was modest to moderate (correlations typically r ~ 0.47-0.72), and agreement between processing classification systems ranged from fair-to-
substantial (Cohen’s k and prevalence-adjusted bias-adjusted k ~ 0.36—0.84). The contextual and auxiliary instruments showed high internal consistency
(Cronbach’s o/McDonald’s @ >0.74). Fifteen studies were rated as having a low risk of bias, and 15 were rated as unclear.

Conclusions: Instruments assessing NOVA-defined UPF intake demonstrate acceptable reproducibility but variable, reference-dependent validity and
system-specific classification uncertainty. Future research should prioritize higher-quality reference methods, transparent coding rules, calibration

strategies, and routine evaluation of measurement error and responsiveness.

This trial was registered at PROSPERO CRD420251135087.

Keywords: intraclass correlation coefficient, NOVA, psychometric properties, reliability, validity, ultraprocessed foods

Introduction

Ultraprocessed foods (UPFs), defined as industrial formulations
that combine refined ingredients with additives to increase palatability,
shelf life, and convenience, constitute a substantial proportion of di-
etary energy intake in many countries worldwide. A growing body of
epidemiologic evidence links increased UPF consumption to adverse
cardiometabolic outcomes, certain cancers, neurocognitive disorders,
and increased all-cause mortality [1]. Consequently, accurate and
reproducible quantification of UPF intake is essential for population
surveillance, etiologic research, and policy evaluation [2].

Operationalizing food processing within nutritional epidemiology
remains challenging. Detailed information on industrial processing,
recipes, and ingredient composition is often proprietary and unavai-
lable, limiting classification precision [3]. As a result, most studies rely
on self-reported dietary instruments, such as food frequency question-
naires (FFQs), UPF screening tools, and 24-h dietary recalls, which
were developed before food processing became a central research
construct and are retrospectively mapped to processing categories [4].

Multiple food processing classification systems coexist, including
NOVA, the University of North Carolina system, the International Food
Information Council framework, and the International Agency for
Research on Cancer processing scheme. Applying different taxonomies
to identical dietary data can yield markedly different UPF exposure es-
timates [5]. Moreover, UPF-related instruments have frequently priori-
tized feasibility over measurement rigor: item selection, scoring rules,
reference methods, and reported psychometric metrics vary widely.
These features complicate synthesis and raise concerns regarding
misclassification, responsiveness, and cross-cultural validity [6].

Recent years have seen the development of NOVA-focused FFQs,
short UPF screening tools, and cohort-level UPF scores derived from
existing dietary data. Complementary approaches, including metab-
olomic proxies, behavior-based measures, and food environment au-
dits, have also emerged [7—12]. However, the available evidence
indicates substantial variability in reproducibility and in criterion and
construct (convergent) validity across instruments, populations, and
settings [7,8]. Agreement between processing classification systems is
often only moderate [5,13], and performance may decline when tools
are adapted across cultural contexts or applied to children or older
adults [14-17]. Together, these findings suggest that existing in-
struments may yield imperfect estimates of UPF exposure [8].

Beyond these measurement challenges, an ongoing conceptual
debate surrounds the definition of “ultraprocessed” foods, particularly

within the NOVA framework. Critics argue that some definitional el-
ements lack fully objective, operationalizable criteria, introduce
subjectivity into food classification, and contribute to system-
dependent exposure estimates (indicating that associations may be
influenced by systematic classification and measurement error specific
to a given system rather than reflecting true causal effects) [18].

Therefore, the present systematic review focuses on instruments
used to quantify NOVA-defined UPF intake, not because NOVA
represents the gold standard but rather because it is the most widely
applied processing framework in epidemiologic research. This prag-
matic focus enables structured synthesis while acknowledging the
contested nature of the construct and the existence of alternative tax-
onomies. The review pursued 2 objectives: (objective 1) to assess the
measurement properties of instruments quantifying NOVA-defined
UPF intake and (objective 2) to examine the agreement between
processing classification systems applied to the same dietary data.
Instruments were organized into dietary intake instruments, broader
UPF-related measures, and contextual or auxiliary tools informing
determinants of UPF exposure.

Methods

Design and registration

We conducted a systematic review in accordance with PRISMA
2020 [19] and the Cochrane Handbook for Systematic Reviews [20]. A
completed PRISMA 2020 checklist is provided in Supplementary
Table 1, indicating the page numbers where each reporting item is
addressed. The review protocol was registered in PROSPERO
(CRD420251135087) after completion of the literature search but
prior to data extraction and synthesis.

Eligibility criteria

Study eligibility was defined via a Population, Exposure,
Comparator, and Outcome (PECO)-based strategy adapted for mea-
surement research, in which the comparator component was not
needed, and the study design was explicitly specified as part of the
framework.

The inclusion criteria were as follows: /) Population (P): children,
adolescents, or adults from community-based or clinical settings. 2)
Exposure (E): assessment of UPF intake or UPF-related constructs
using instruments explicitly linked to food processing classifications
(e.g., NOVA or comparable processing-based systems). 3) Outcome
(O): reporting >1 measurement property of the instrument (e.g.,
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validity, reliability, agreement, responsiveness), agreement between
processing classification systems applied to the same dietary data, and/
or associations with processing categories or percentage of energy
(%E) from UPF. 4) Study design (S): cross-sectional studies or cross-
sectional analyses (including validation studies, reproducibility or
test-retest studies, method comparison studies, and instrument
development studies) conducted within cohorts or randomized
controlled trials, as well as published study protocols reporting rele-
vant methodological information.

The exclusion criteria were as follows: /) studies not reporting any
measurement property of a UPF-related instrument and not addressing
agreement between processing classification systems; 2) studies
assessing dietary intake without explicit linkage to food processing
classifications; 3) studies focused exclusively on health outcomes, di-
etary patterns, or nutrient-based exposures without evaluation of UPF
measurement; 4) animal studies, in vitro studies, narrative reviews,
editorials, commentaries, and methodological papers without original
empirical data; and 5) gray literature sources (e.g., conference abstracts,
dissertations, technical reports, or registry-only records) due to insuf-
ficient methodological detail for appraisal of measurement properties.

Eligible studies were restricted to peer-reviewed publications. Gray
literature sources (e.g., conference abstracts, dissertations, technical
reports, or registry-only records) were not searched or included, as
the review aimed to synthesize instruments with sufficiently detailed
methodological reporting to allow appraisal of measurement
properties.

Published study protocols were included only when identified
through bibliographic database searches and when they provided
relevant methodological information on the development or planned
validation of UPF assessment instruments. Dedicated protocol regis-
tries or trial registries were not searched, as unpublished or registry-
only records typically do not report the measurement properties
required to address the objectives of this review.

Eligibility criteria were defined to ensure that the included studies
directly addressed objective 1 (evaluation of measurement properties
of instruments used to assess NOVA-defined UPF intake) and/or
objective 2 (assessment of agreement between processing classifica-
tion systems applied to the same dietary data). The absence of a
required comparator reflects the nature of measurement-focused
research, where reference methods vary in quality and purpose.

Analytical grouping and classification strategy

To facilitate synthesis and interpretation, the included studies were
grouped a priori into 3 nonexclusive analytical blocks, which were
used solely for analytical purposes and did not constitute eligibility
criteria:

e Basic dietary intake instruments with validity or reliability data,
including NOVA-focused FFQs, brief UPF screening question-
naires, and cohort-level UPF scores reporting >1 measurement
property [e.g., test-retest intraclass correlation coefficients
(ICCs)], validity against 24-h recalls, weighed records or food
diaries, agreement indices such as Cohen’s k (k) and prevalence-
adjusted bias-adjusted k (PABAK), or Bland—Altman analyses].
Broader UPF-related tools, including biomarkers (e.g., poly-
metabolite signatures), diet quality or guideline-adherence indices,
and behavioral instruments demonstrating convergent relationships
with UPF exposure.
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e Contextual or auxiliary instruments, such as food environment
audits, attitudes, acceptance or knowledge scales, parental feeding
practices, and additive-specific questionnaires (e.g., Allura Red
AC). These instruments provide information on exposure contexts
or determinants but do not directly quantify UPF intake.

This analytical framework was applied after study inclusion to
structure the Results and Discussion sections and does not imply
equivalence in measurement purpose or performance across blocks.

Search strategy

The full electronic search strategy was developed in consultation
with an information specialist and implemented across PubMed/
MEDLINE, Scopus, and Web of Science from the inception of the
databases to 12 January, 2026. Database-specific search strings,
including Boolean operators, filters, and limits, are reported in Sup-
plementary Table 2. In addition, the reference lists of all included
studies were manually screened to identify additional eligible publi-
cations. No language or publication date limits were applied in the
search phase.

Study selection

This systematic review was conducted in accordance with the
PRISMA 2020 guidelines. After removal of duplicates, titles and ab-
stracts were independently screened by 2 reviewers (IC-R and AS-L)
to identify potentially eligible studies. Full-text articles were subse-
quently assessed for inclusion on the basis of predefined eligibility
criteria. Discrepancies at any stage were identified by direct compar-
ison of the reviewers’ decisions and were first addressed through
consensus discussion between the 2 reviewers. When consensus could
not be reached, a third reviewer (AD) acted as an adjudicator and made
the final decision. The complete study selection process is summarized
in the PRISMA flow diagram.

Data extraction

Data extraction was performed independently by 2 reviewers (IC-R
and AS-L) via a standardized, pilot-tested extraction form. For each
included study, data were extracted on study objectives, design, pop-
ulation characteristics, the dietary construct or instrument under
evaluation, the reference or comparator method used (when appli-
cable), the time interval between repeated assessments in reliability or
replication studies, UPF exposure metrics and units, and the main
psychometric or validity outcomes. Information on study funding
sources was extracted when reported.

The extracted data were cross-checked for consistency, and dis-
crepancies were resolved through discussion and consensus between
reviewers. When disagreements persisted, they were resolved by
consultation with a third reviewer (AD). These elements were selected
to harmonize reporting across studies and to clarify what aspect of
UPF measurement was evaluated and under which reference
conditions.

The extracted variables were prespecified to enable objective
synthesis, allowing separate evaluations of measurement performance
(objective 1) and cross-taxonomy agreement (objective 2).

Handling of missing or unclear information
The authors of the included studies were not contacted to request
missing data or additional methodological clarification. When



TABLE 1

Characteristics of studies including basic dietary intake instruments with validity/reliability.

Reference Country Objective Design n Population Instrument/ UPF unit/metric Reference Time interval Psychometrics/validity Main UPF-related
construct method  between finding
assessments
Abutbul Vered Israel Evaluate the Cross-sectional 39 ~ Women Web-based FFQ Processed food scores  24h DR 2 wk ICC=0.53r=0.72  Acceptable processing-
et al., [22] 2022 validity and BA acceptable level validity
reproducibility ofa
web-based FFQ
Cardamone et al., Italy Validate the Protocol >436 Adults NOVA-FFQ UPF-energy intake (%, WDR 3—10 mo NA NA
[25] 2024 NOVA-FFQ g/d, keal/d)
Correa-Madrid Colombia Validate short Cross-sectional 203 Women NOVA-UPF score UPF-energy intake (%) 24 h DR Concurrent PABAK = 0.75 Tracks UPF-energy
et al., [26] 2023 NOVA-UPF score intake (%)
Costa et al., [27] Brazil Assess the validity Cross-sectional 300  Adults NOVA-UPF score UPF-energy intake (%) 24 h DR Concurrent PABAK = 0.67 Reflects UPF share
2021 of the NOVA-UPF
score
Costa et al., [28]  Brazil Validate NOVA-  Cross-sectional 1800 Adults NOVA- WPF score UPF-energy intake (%) 24 h DR Concurrent PABAK: Diet-quality gradient
2024 WPF and NOVA- NOVA-UPF score NOVA-WPF = 0.72
UPF NOVA-UPF = 0.79
D’Abbronzo et al., Italy Compare NOVA-  Cross-sectional 130  Adults with NOVA-FFQ UPF-energy intake (g/ NA 2 wk ICC =0.74 EPIC underestimates
[29] 2024 FFQ vs. EPIC-FFQ diabetes EPIC-FFQ 1000 kcal) UPF
Dinu et al., [31] Ttaly Validate NOVA-  Cross-sectional 110  Adults NOVA-FFQ UPF-energy intake (% 24 hDR 4-6 wk ICC (test—retest): Acceptable validity
2021 FFQ and g/d) % = 0.94 g/d = 091
ICC (validity):
% = 0.85 g/d = 0.70
Erdogan Govez Tiirkiye Validate sQ-HPF  Cross- sectional 94  Adults sQ-HPF NA DR 4 wk ICC =0.76 Distinguishes HPF
et al., [32] 2024 screener BA acceptable
Fangupo et al., [33] New Zealand Validate EAT5 FFQ Cross-sectional 100  Children EATS FFQ UPF-energy intake (% WDR 4 wk ICC: Acceptable preschool
2019 and KJ) % = 0.64 validity
KJ =0.76
BA acceptable
Freire et al., [34]  Ecuador Validate the Cross-sectional 3510 Adults NOVA-27 score UPF-energy intake (%) 24h DR Concurrent NA National adaptation
2025 adapted NOVA
score
Kébé et al., [39] Senegal Adapt and validate Cross-sectional 301  Adults NOVA-UPF score UPF-energy intake (%) 24h DR Concurrent PABAK = 0.84 Surveillance
2024 the NOVA score
Loftfield et al., [41] United States Evaluate Cross-sectional 1311 Adults NOVA-FFQ UPF-energy intake (%, 24h DR Concurrent r >0.52 Moderate relative
2025 performance for kcal/d and g/d) validity for UPF intake
FFQ
Martinez-Pérez Spain Compare Cross-sectional 5636 Older adults FFQ + NOVA/ Energy intake NA NA ICC = 0.51 Associations differ by
etal., [13] 2021 processing with MetS TARC/IFIC/UNC system; classification
classification classifications choice matters
systems
Martinez-Pérez Spain Develop sQ-HPF  Cross-sectional 4400 Adults sQ-HPF Energy intake (%) DR lyand2y Cronbachc's alfa = 0.67 Captures change in
et al., [42] 2022 screener Weighted k = HPF/UPF
0.36-0.88
Motta et al., [43]  Brazil Develop the FFQ by Cross-sectional 7516 Adults FFQ NA NA NA NA Enables processing
2021 processing the food analysis
level
Miiller et al., [44]  Brazil Validate child UPF Cross-sectional 365 Early childhood UPF score UPF-distribution (%)  24h DR Concurrent PABAK = 0.65 Reflects child UPF

2025

screener

share

(continued on next page)
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TABLE 1 (continued)

Reference Country Objective Design n Population Instrument/ UPF unit/metric Reference Time interval Psychometrics/validity Main UPF-related
construct method  between finding
assessments
Oviedo-Solis et al., Mexico Evaluate the Cross-sectional 382  Children and ~ SFFQ UPF-energy intake (% 24h DR Concurrent and 2 d ICC: Ranks UPF-energy
[45] 2022 relative validity of adolescents and kcal/d) %: intake (%) intake
SFFQ Children = 0.53 reasonably
Adolescents = 0.57
keal/d:
Children = 0.55
Adolescents = 0.46 r:
Yo:

Children = 0.56
Adolescents = 0.54
keal/d:

Children = 0.55
Adolescents = 0.47
BA acceptable

Oviedo-Solis et al., Mexico Evaluate the Cross-sectional 226  Adults SFFQ UPF-energy intake (%) 24h DR Concurrent ICC =0.67r=0.62  Ranks UPF-energy
[46] 2022 relative validity of intake (%) intake
SFFQ reasonably
Sarbagili-Shabat Israel Develop and Cross-sectional 86  Adults with PFQ Portions day FD 2 wk ICC = 0.75-0.88 r =  Valid for processed/
et al., [47] 2020 validate PFQ IBD 0.50 UPF in IBD
k= 0.35

Abbreviations: BA, Bland—Altman; DR, dietary record; EPIC-FFQ, European prospective investigation into cancer and nutrition—food frequency questionnaire; FD, food diary; FFQ, food frequency ques-
tionnaire; HPF, high processed food; IARC, International Agency for Research on Cancer; IBD, inflammatory bowel disease; ICC, intraclass correlation coefficient; IFIC, International Food Information Council;
MetS, metabolic syndrome; NA, not available; PABAK, prevalence-adjusted bias-adjusted kappa; PFQ, processed food questionnaire; SFFQ, semiquantitative food frequency questionnaire; sQ-HPF, short

screening questionnaire of highly processed food; UNC, University of North Carolina; UPF, ultraprocessed food; WDR, weighed dietary record; 24h DR, 24-h dietary recalls; k, Cohen’s k; WPF, whole plant
foods.
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TABLE 2

Characteristics of studies including biomarkers, diet quality, and behavioral tools related to ultraprocessed foods.

Main UPF-related finding

Psychometrics/validity

Time interval

between

Reference method

Instrument/ UPF

construct

Population

n

Design

Objective

Country

Reference

unit/metric

assessments

Biomarkers track UPF intake

r >0.47

Energy intake (%) 12 mo

NR

Metabolomic

score

Adults

718

Cross-sectional

Develop metabolomic
UPF biomarkers

United

States

Abar et al., [12]
2025

Inverse association

—0.51

T

Dietary guidelines for NA

Score

1309  Adults eGuia score

Cross-sectional

Brazil Convergent validity of
the dietary guideline
tool

Gabe et al., [35]
2022

the Brazilian population

Processing proxy

No intake reference

Score

Meal quality

6399  Children
scale

Cross-sectional

Develop a meal quality
index

Brazil

Lemke et al.,

[40] 2024
Santos et al.,

= Quality scale

empirical reliability

0.70

No intake reference

Score

Diet-quality

scale

2059 Adolescents

Psychometric validation Cross-sectional

of the diet-quality scale

(ESQUADA)

Brazil

[48] 2021

(ESQUADA)

Abbreviations: ESQUADA, Brazilian food consumption and dietary practices assessment; NA, not available; UPF, ultraprocessed food; NR, not reported.
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information on study characteristics, reference methods, or measure-
ment properties was unclear or not explicitly reported in the original
publication, the corresponding fields were coded as not reported. No
assumptions, imputations, or extrapolations were made beyond the
information provided in the published articles. Consequently, syn-
thesis and interpretation were restricted to explicitly reported data, in
accordance with the PRISMA 2020 recommendations.

Risk of bias/methodological quality

The risk of bias was assessed in duplicate (IC-R, AS-L) via the
COnsensus-based Standards for the selection of health Measurement
INstruments (COSMIN) risk of bias checklist, which is tailored to
studies of measurement properties [21]. For each instrument and
property, we rated the relevant COSMIN boxes: content validity
(relevance/comprehensiveness), structural validity (Exploratory Fac-
tor Analysis (EFA) and Confirmatory Factor Analysis (CFA); mea-
surement invariance, i.e., whether the instrument measures the same
construct equivalently across groups or over time, which is typically
tested via configural/metric/scalar invariance), internal consistency
(Cronbach’s a/McDonald’s @ consistent with the factor structure),
cross-cultural validity/invariance, reliability (test-retest; ICC), mea-
surement error (SE measurement, Smallest Detectable Change (SDC),
Bland-Altman limits), criterion validity [against 24-h recall-
s/diaries/weighed dietary record (WDR)], hypothesis testing for
construct validity (correlations with %E-UPF, known-group differ-
ences), and responsiveness when applicable. Each item was graded as
“very good,” “adequate,” “doubtful,” or “inadequate,” applying the
worst-score-counts rule per box. For synthesis, we mapped box-level
judgments to low (very good/adequate), unclear (doubtful), or high
(inadequate) risk of bias. COSMIN box-level ratings were summa-
rized in a heatmap via the worst-score-counts rule per box (very
good/adequate/doubtful/inadequate mapped to low/unclear/high risk)
to provide a parallel view of content/structural validity, reliability,
measurement error, agreement, and responsiveness. Disagreements
were resolved by consensus or arbitration by a third reviewer (AD).

Data synthesis

Given the heterogeneity in study designs, instruments, and reference
methods, a quantitative meta-analysis was not feasible. Instead, a
structured narrative synthesis was conducted, which was explicitly
organized according to the 2 review objectives. Evidence related to
objective 1 was synthesized by measurement property and instrument
type, whereas evidence relevant to objective 2 was summarized sepa-
rately for studies comparing multiple processing taxonomies applied to
the same dietary data. The results were synthesized by the type of
measurement property and instrument category, prioritizing commonly
reported statistics such as ICCs [1,2], correlation coefficients, k¥ and
PABAK statistics, and internal consistency metrics such as Cronbach’s
o or McDonald’s . Figures and tables were used to enhance trans-
parency and facilitate comparisons across studies rather than to infer
pooled effect sizes. The measurement properties were interpreted via a
standardized glossary and framework (Supplementary Table 3) to
harmonize heterogeneous validation metrics across studies.

No data conversions or transformations were applied for synthesis.
The measurement properties, agreement statistics, and UPF metrics
were extracted and presented via the original units, scales, and sta-
tistical summaries reported in each study. As a result, synthesis was
qualitative and descriptive, without rescaling or pooling of estimates.

In addition to tabular summaries (Tables 1-3) [12,13,22—49], we
constructed a psychometric evidence map to visually synthesize the



TABLE 3
Characteristics of studies including contextual/auxiliary instruments related to ultraprocessed foods.
Reference Country Objective Design n Population Instrument/construct UPF unit/metric Reference Time interval Psychometrics/ Main UPF-related
method between validity finding
assessments
Borges et al., [23]  Brazil  Develop and validate a  Cross-sectional 650 Retail outlets AUDITNOVA/CFEHS  Environment score ~ NA NA o =091 Environment scoring by
2021 retail food environment NOVA groups
audit tool based on
NOVA
Calvo-Porral et al.,  Spain Develop and validate a  Cross-sectional 478 Adults UPF acceptance Scale  Aceptance Score NA NA o = 0.76-0.93  Acceptance relates to
[24] 2024 scale measuring UPF intentions
consumer acceptance of
UPF
Deyetal., [30]2019 Mexico Develop and validate a  Cross-sectional 197; pilot Mothers of Questionnaire on foods Food types Additive  NA o =0.86 Frequent intake of
questionnaire on the n =28 10-13 y with Allura Red AC intake Allura Red foods
intake of foods score
containing Allura Red
AC
Gabe et al., [36] Brazil Adapt and validate a Cross-sectional 1245 Adults NOVA-Conhecimento ~ Knowledge score 24hDR NA NA Knowledge inversely
2025 scale assessing (processing knowledge) (unitless) association with UPF
knowledge of food Energy intake %
processing
Hoil Sosaetal.,[37] Mexico Validate attitudes Cross-sectional 277 University Attitudes toward UPF Attitude score NA NA ® =097 Strong reliability
2024 toward the UPF students scale (attitudes)
consumption scale
Hu et al., [38] 2024 China  Validate scale Cross-sectional 244 Adults mProws Score Prows 6 mo r=0.61 Behavioral dependence/
measuring UPF YFAS 2.0 withdrawal
withdrawal-like TFEQ
symptoms QEWP-R
Warkentin et al., Brazil Translate and validate ~ Cross-sectional 402 Parents of CFPQ Score FFQ 2 wk o = 0.74-0.88 Contextual practices for
[49] 2016 the feeding practices preschoolers UPF exposure

questionnaire related to
UPF exposure

Abbreviations: CFEHS, consumer food environment healthiness score; CFPQ, comprehensive feeding practices questionnaire; mProWS, modified highly processed food withdrawal scale; NA, not available; UPF,

ultraprocessed food; o, Cronbach’s o; 0, McDonald’s ®; AUDITNOVA, Adherence to the NOVA classification-based dietary index.
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FIGURE 1. PRISMA 2020 flow chart.

measurement properties reported across the included studies. This map
displays, for each instrument category, the range and clustering of key
psychometric indicators, including test—retest reliability (ICCs), crite-
rion or convergent validity coefficients (correlations with 24-h dietary
recalls, WDRs, or food diaries), agreement indices (k and PABAK), and
internal consistency measures where applicable.

Protocol deviations

This review was conducted in accordance with the PROSPERO-
registered protocol (CRD420251135087). Given the degree of het-
erogeneity across instruments, reference methods, and psychometric
metrics, all findings were synthesized narratively, and no quantitative
pooling was undertaken. Published study protocols identified through
database searches were retained for descriptive purposes but excluded
from psychometric synthesis because of the absence of results. No
other substantive deviations from the registered protocol were
identified.

Results

Characteristics of the included instruments

The systematic search identified 470 records. After the removal of
duplicates (n = 138), 332 records were screened by title and abstract,
and 81 full-text articles were assessed for eligibility. Fifty-one studies
were excluded at the full-text stage and presented no outcome of in-
terest (Supplementary Table 4), resulting in 30 studies included in the
qualitative synthesis (Figure 1) [12,13,22-49].

Among the included studies, 19 evaluated basic dietary intake in-
struments, including FFQs, short screening tools, and NOVA-based scores
[13,22,25-29,31-34,39,41-47]. In addition, 4 studies examined
biomarker-based or indirect UPF-related tools [12,35,40,48], and 7 studies
focused on contextual or auxiliary instruments related to food environ-
ments, attitudes, knowledge, or behavioral constructs [23,24,30,36-38,49].

Funding source information was reported in 20 of the included
studies [12,13,22-25,27-29,32,33,36,39-42,44—46,49]. Three studies
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Abutbul Vered et al., 2022 (Web-based FFQ)

D’Abbronzo et al., 2024 (NOVA-FFQ)

Dinu et al., 2021 (NOVA-FFQ)

Erdogan Gévez et al., 2024 (sQ-HPF)

Fangupo et al., 2019 (EAT5 FFQ)

Martinez-Pérez et al., 2021 (FFQ + NOVA/IARC/IFIC/UNC)

Oviedo-Solis et al., 2022 (Adolescents) (SFFQ)

Oviedo-Solis et al., 2022 (Children) (SFFQ)

Oviedo-Solis et al., 2022 (Adults)(SFFQ)

Sarbagili-Shabat et al., 2020 (PFQ)
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FIGURE 2. Summary of test—retest reliability of UPF-related intake tools. Points indicate study-level central statistics; whiskers show observed ranges across
subscales/strata (not confidence intervals). FFQ, food frequency questionnaire; IARC, International Agency for Research on Cancer; ICC, intraclass corre-
lation; IFIC, International Food Information Council; PFQ, processed food questionnaire; SFFQ, semiquantitative food frequency questionnaire; sQ-HPF, short
questionnaire on highly processed foods; UNC, University of North Carolina; UPF, ultraprocessed food.

explicitly reported no external funding [25,33,45], whereas funding
information was not reported in 10 studies [26,30,31,34,35,37,38,43,
47,48] (Supplementary Table 5). The main characteristics of the
included studies and instruments, including study design, population,
age range, country, and UPF exposure definition, are summarized in
Table 1.

The studies were conducted across diverse geographical settings,
including Europe [13,24,25,29,31,42], the United States [12,41], Latin
America [23,26-28,34,40,44-46,48,49], Africa [39], the Middle East
[22,38,47], and Oceania [33]. Populations ranged from early child-
hood to older adults with cardiometabolic conditions.

UPF exposure was most frequently operationalized as the per-
centage of total energy intake (%E-UPF) [26-28,31,33,34,39,45,46],
although several studies also reported absolute intake metrics such as
grams or kilocalories per day [29,31,41,45] or unitless index scores,
depending on the instrument used [23,24,27,28,40,48].

Studies reporting validation protocols without available results
were retained to reflect ongoing methodological development in the
field and are clearly identified as “protocol, results pending” [25].
These studies were not included in the synthesis of psychometric
outcomes. To facilitate interpretation and practical use of the reviewed
instruments, we provide a supplementary “toolbox” table summarizing
the key characteristics of each tool, including country of use, instru-
ment type, and the specific UPF-related construct measured (Supple-
mentary Table 6).

Reference methods used for validation (objective 1)

Across the 30 included studies (Tables 1-3), the validation ap-
proaches used varied substantially. Among studies evaluating basic
dietary intake instruments [22,27,28,31,33,45,46], the most
frequently used reference methods were 24-h dietary recalls, fol-
lowed by WDRs and food diaries. These reference methods were
used to validate FFQs, short UPF screening tools, and NOVA-based
scores.

Recall-based reference methods predominated, whereas WDRs and
food diaries, which are used in fewer studies [33,47], generally pro-
vide more detailed information on food preparation and processing.
Studies relying on higher-burden reference methods tended to report
stronger agreement metrics.

For studies evaluating biomarker-based or indirect UPF-related
tools [12,35,40,48], reference standards differ conceptually and
include controlled feeding designs, dietary guideline-adherence
indices, or no direct intake reference, reflecting their complementary
role rather than direct estimation of UPF intake.

Reliability outcomes (objective 1)

Reliability was most frequently assessed for basic dietary intake
instruments (Table 1), including FFQs, short screening tools, and
NOVA-based scores [13,22,29,31-33,45-47]. Test-retest reliability,
typically expressed as ICCs, ranged from ~0.51 to ~0.94, indicating



1. Cavero-Redondo et al.

Abutbul Vered et al., 2022 (Web-based FFQ)

Abar et al., 2025 (Metabolomic score)

Gabe et al., 2022 (eGuia score)

Hu et al, 2024 (mProWs)

Loftfield et al., 2025 (NOVA-FFQ)

Oviedo-Solis et al., 2022 (Adolescents) (SFFQ)

Oviedo-Solis et al., 2022 (Children) (SFFQ)

Oviedo-Solis et al., 2022 (Adults) (SFFQ)

Sarbagili-Shabat et al., 2020 (PFQ)
e Jow (~0.30)

BN Correlation ranges/valuess

= = = moderate (~0.50)
= = strong(~0.70)

The American Journal of Clinical Nutrition 123 (2026) 101263

0

2

4 .6

Correlation with reference method

FIGURE 3. Summary of the correlation of UPF-related intake tools with reference methods. Points indicate study-level central statistics; whiskers show
observed ranges across subscales/strata (not confidence intervals). FFQ, food frequency questionnaire; mProWS, modified processed food withdrawal scale;
PFQ, processed food questionnaire; SFFQ, semiquantitative food frequency questionnaire.

moderate—to-high short-term stability across instruments, populations,
and age groups.

FFQ-based instruments and short UPF screening tools showed
comparable reproducibility in adult and pediatric samples, supporting
their use for ranking individuals according to UPF intake over short
intervals.

For the contextual and auxiliary instruments (Table 3), the reli-
ability assessment focused on internal consistency. Cronbach’s o and
McDonald’s o coefficients generally exceeded 0.80 [23,24,30,37],
with values approaching 0.97 at some scales [37], indicating a strong
internal structure.

Relative validity outcomes (objective 1)

Relative validity estimates for dietary intake instruments varied by
instrument type and reference method (Table 1). The correlations
between UPF assessment tools and dietary reference methods [22,41,
45—47] ranged from approximately r = 0.47 to r = 0.72, reflecting
modest to moderate agreement.

The validity tended to be greater when UPF intake was expressed
as a compositional measure (e.g., percentage of total energy intake)
and when more detailed reference methods were used. Evidence
from calibration-based analyses [41] further indicates that analytic
approaches, including measurement error modeling, materially influ-
ence the interpretation of relative validity estimates, even when the
underlying FFQ classifications are similar.

Agreement between processing classification systems
(objective 2)

Across studies comparing multiple food processing classification
systems applied to the same dietary data [13,28], the agreement was
generally moderate. The ICCs for the cross-system comparisons
clustered between 0.46 and 0.91, whereas the PABAK and weighted «
values [26-28,39,44] ranged from ~0.35 to ~0.84.

When reported, Bland—Altman analyses [22,32,33,45] indicated
acceptable agreement for %E-UPF estimates, although wider limits of
agreement were observed for absolute intake metrics.

Emerging patterns across studies

The synthesis results across Tables 1-3 reveal several consistent
patterns. First, most instruments demonstrated acceptable reproduc-
ibility but only moderate relative validity, particularly when validated
against recall-based reference methods. Second, measurement per-
formance was strongly dependent on reference method quality, with
higher agreement observed in studies using weighed records or food
diaries.

Biomarker-based and indirect tools [12,40,48] provide promising
complementary evidence but are typically expressed as unitless
indices or relative concentrations, limiting direct comparability with
dietary intake measures. Contextual and auxiliary instruments [23,24,
36,38] offered robust psychometric performance for their intended
constructs but did not directly quantify UPF intake.
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FIGURE 4. Summary of classification agreement for UPF-related intake tools. Points indicate study-level central statistics; whiskers show observed ranges
across subscales/strata (not confidence intervals). FFQ, food frequency questionnaire; PABAK, prevalence-adjusted bias-adjusted kappa; PFQ, processed food
questionnaire; sQ-HPF, short questionnaire on highly processed food; UPF, ultraprocessed food; k, Cohen’s kappa.

Psychometric evidence map

Figures 1 and 3-5 present a visual synthesis of the psychometric
evidence across instrument types disaggregated by measurement
properties to improve readability: test-retest reliability (Figure 2),
criterion/convergent validity (Figure 3), classification agreement
(Figure 4), and internal consistency (Figure 5).

Only studies reporting sufficient quantitative information for a
given psychometric property were included in the corresponding
figure. Instruments that did not report plottable estimates (ICCs, cor-
relation coefficients, k and PABAK, or o/w) were retained in the
narrative synthesis and summary tables and contributed to the overall
interpretation of measurement performance by instrument type.

Across basic dietary intake instruments, test—retest reliability estimates
clustered predominantly in the moderate-to-high range, with ICC values
ranging from ~0.46 to ~0.94. The estimates of criterion/convergent val-
idity, expressed as correlation coefficients, were more variable, ranging
from approximately r ~ 0.47 to r = 0.88, whereas the agreement metrics (k
and PABAK) generally fell between 0.36 and 0.84, indicating fair-to-
substantial agreement depending on the instrument and population.

In contrast, contextual and auxiliary instruments consistently
demonstrated strong internal consistency, with Cronbach’s a and
McDonald’s o values typically >0.74 and frequently exceeding 0.90,
with the highest values approaching m ~ 0.97.

Risk of bias and methodological quality
Using the COSMIN risk of bias checklist, 15 of the 30 studies
(50.0%) were rated as having a low risk of bias, whereas the remaining 15

(50.0%) were classified as having an unclear risk; none were rated as
having a high risk. Content validity was assessed in 29 studies, structural
validity in 27, and criterion validity in 19. Hypothesis testing for
construct validity confirmed a priori expectations in 86.6% of the studies.

The interrater agreement for the COSMIN ratings was high (x:
0.90; 95% confidence interval: 0.86, 0.95). Detailed property-level
assessments are provided in Supplementary Table 7, with a sum-
mary heatmap displayed in Figure 6.

Discussion

This systematic review addressed 2 complementary objectives:
first, to evaluate the measurement performance of instruments used to
assess NOVA-defined UPF intake, and second, to examine the agree-
ment between food processing classification systems when applied to
the same dietary data. Together, the findings provide insight into both
instrument-level performance and system-level sources of variability.
Across the literature, substantial heterogeneity was observed in val-
idity, reliability, and agreement estimates across instruments, settings,
and populations, reflecting both methodological advances and persis-
tent challenges in the measurement of UPF exposure [49-51].

The measurement performance strongly depends on the
reference method quality

A central finding of this review is that the interpretation of relative
validity depends critically on the quality of the reference or
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FIGURE 5. Summary of the internal consistency of UPF-related intake tools. Points indicate study-level central statistics; whiskers show observed ranges
across subscales/strata (not confidence intervals). CFEHS, consumer food environment healthiness score; CFPQ, comprehensive feeding practices ques-
tionnaire; sQ-HPF, short questionnaire on highly processed food; UPF, ultraprocessed food; o, Cronbach’s a; ®, McDonald’s ®.

comparator method. In the included evidence base, recall-based
comparators predominated, whereas fewer studies relied on higher-
burden methods such as WDRs or multiday food diaries, which
typically capture more detail relevant for processing classification (e.
g., preparation and product specificity) [12,22,25,33,45,46,52]. This
dependency on reference method quality likely explains a substantial
proportion of the variability observed across studies and should be
regarded as a defining characteristic of the current evidence base rather
than a methodological flaw [50,51,53].

In contrast, validation against recalls that do not systematically
capture processing-relevant details, such as brand names, industrial
formulations, or ingredient lists, likely underestimates classification
error and attenuates validity coefficients, particularly when UPF
exposure is operationalized as ratios that incorporate total energy
intake (e.g., %E-UPF) [50,51,54]. When viewed through this lens, the
literature suggests that many instruments perform as well and can
reasonably be expected, given the limitations of available reference
standards [50,51,53]. Recognizing that “validity depends on the
reference” therefore reframes a commonly cited limitation into a key
methodological insight with implications for future validation studies
and the interpretation of observed associations between UPF intake
and health outcomes [50,51,55].

Reliability and responsiveness: gaps in reporting
Across the studies with available estimates, test—retest reliability
for basic dietary intake instruments ranged from moderate-to-high

(ICC = 0.46-0.94), supporting short-term stability for NOVA-
focused FFQs and UPF screening tools across adult and pediatric
populations [22,31-33,45—47]. However, reproducibility over short
intervals primarily reflects consistent reporting and scoring and can
coexist with substantial systematic and random errors in self-reported
dietary assessment [50,51,53].

In contrast, measurement error indices (e.g., SE measurement/SDC
and Bland-Altman limits of agreement) and responsiveness to change
were reported for only a small minority of instruments. This limits the
suitability of most tools for intervention studies or longitudinal
monitoring, where sensitivity to dietary change is essential [56—59].
Future validation work should prioritize responsiveness analyses and
formal measurement error estimation alongside traditional reliability
metrics, including designs that better characterize within-person
variability and attenuation [55,59,60].

Sources of disagreement in UPF classification

In addition to quantitative performance metrics, recurring quali-
tative sources of disagreement in UPF classification, including mixed
dishes requiring recipe decomposition, brand-specific formulation
variability, incomplete ingredient information, and subjective defini-
tional elements, were identified. These challenges align with broader
critiques of processing-based taxonomies and their operationalization
[61,62]. In studies explicitly comparing multiple processing classifi-
cation systems applied to the same dietary data, agreement was
typically fair-to-substantial (x and PABAK =~ 0.36-0.84), with
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weaker concordance for borderline foods and composite items [13,
26-28,39,44].

Agreement tended to be greater when operationalized coding rules
and trained raters were used and lower when classification required
subjective interpretation, underscoring the need for transparent deci-
sion rules and standardized protocols when processing-based taxon-
omies were applied [57,61,62].

Use-case—specific implications
Taken together, the evidence supports a differentiated view of in-
strument suitability by use case. For population surveillance, short

NOVA-based screening tools appear feasible and sufficiently repro-
ducible for ranking individuals, particularly when they are calibrated
against repeated recalls or diaries [22,33,45—47]. For etiologic
research, FFQs with explicit NOVA coding rules and validation
against higher-quality reference methods showed the strongest overall
performance [31-33,41,45,46]. For intervention monitoring, however,
the evidence base remains limited, as few tools have reported both
test—retest reliability and responsiveness to change [59].

Most instruments operationalize UPF intake as a compositional
measure (e.g., %E-UPF), which is consistent with the conceptualiza-
tion of UPFs as part of overall dietary patterns. Our findings do not
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support replacing this approach with absolute intake metrics. Rather,
compositional and absolute measures capture related but distinct di-
mensions of exposure and are best interpreted as complementary.
Although compositional metrics support pattern-based analyses and
substitution interpretations, absolute metrics may be advantageous for
calibration studies and measurement error modeling and may be less
sensitive to ratio-related bias arising from total energy misreporting
[50,51,53-55].

Definitional harmonization and modular instrument
design

Given the observed measurement uncertainty and system depen-
dence, definitional harmonization may represent an important pre-
requisite for the development of next-generation UPF assessment
tools. In this context, the joint Food and Drug Administration /USDA
request for information (July 2025) aimed at establishing a uniform
definition of UPFs reflects growing scientific and policy recognition of
the need for greater consistency. Nevertheless, NOVA-based tools
remain highly relevant because of their widespread application in the
literature. Our results do not imply that UPF assessment instruments
must be NOVA-based or that NOVA is superior to alternative frame-
works; rather, they reflect the dominance of NOVA in current research
[61,62].

Recommendations regarding modular UPF assessment tools
should be interpreted as inherently population- and context-specific. A
modular core—extension structure, combining a standardized core with
context-specific modules, may balance cross-study comparability with
local relevance and reduce avoidable misclassification, provided that
content validity, cognitive testing, and measurement invariance are
explicitly evaluated [52,63—68].

Biomarkers and controlled feeding conditions

Biomarker-based approaches represent promising complementary
strategies. The controlled feeding context provides a stronger refer-
ence standard for UPF exposure than do observational self-reports
alone [12,69]. However, the proposed biomarkers have not been sys-
tematically evaluated against established dietary biomarker validation
frameworks, such as the Food Biomarkers Alliance (FoodBALL)
criteria [70-73]. Accordingly, future biomarker research should align
validation efforts with recognized methodological standards, including
robust cross validation, independent replication, and transparent
reporting [72-74].

Generalizability, limitations, and strengths

The generalizability of these findings should be interpreted with
caution. Most validated instruments were developed and tested in
high- or middle-income settings, and performance may differ in con-
texts with distinct food environments and product markets. Cross-
cultural adaptation and age-specific validation have been inconsis-
tently evaluated, which can introduce differential misclassification and
limit external validity [53,57,68].

Additional limitations include post hoc PROSPERO registration
after the literature search due to an evolving review scope; substantial
heterogeneity across instruments, reference methods, classification
systems, and statistical summaries, which precluded meta-analysis and
necessitated narrative synthesis. Reference methods are themselves
imperfect measures of habitual intake, so validity estimates likely
reflect error in both the index instrument and the comparator [50,51,
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53,60]. The reporting of key measurement properties was uneven, and
publication bias cannot be excluded.

The strengths of this review include adherence to the PRISMA
2020 guidelines, explicit separation of instrument performance from
the taxonomy agreement, and structured synthesis across comple-
mentary tool categories. Importantly, the review demonstrates that
apparent differences in UPF instrument validity are strongly condi-
tioned by reference method quality, providing a critical framework for
interpreting inconsistencies in the literature and guiding future vali-
dation efforts [50,51,55].

In summary, existing tools for assessing UPF intake demonstrate
acceptable reproducibility but variable validity, which is strongly
influenced by reference method quality and classification rules.
Progress in this field will require investment in higher-quality refer-
ence data, transparent coding protocols, and validation frameworks
integrating dietary, contextual, and biological measures. These ad-
vances are essential for robust estimation of UPF exposure and for
reliable inference in nutritional epidemiology and policy evaluation.
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