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of metabolic syndrome: a
systematic review and
meta-analysis of observational
studies

Long Shu1, Xiaoyan Zhang1, Jianying Zhou2, Qin Zhu1,2 and

Caijuan Si1*

1Department of Nutrition, Zhejiang Hospital, Xihu District, Hangzhou, Zhejiang, China, 2Department of

Digestion, Zhejiang Hospital, Xihu District, Hangzhou, Zhejiang, China

Background: Although higher consumption of ultra-processed food (UPF) has

been linked to a higher risk of metabolic syndrome (MetS), the results remain

controversial. Herein, we performed a systematic review and meta-analysis of

observational studies to clarify the relationship between UPF consumption defined

by the NOVA framework and risk of MetS.

Methods: An extensive literature search on PubMed, ISI Web of Science,

EBSCO and China National Knowledge Infrastructure (CNKI) databases was

conducted to search for the relevant articles published priori to January 2023,

and newly published articles between January 2023 and March 2023 were re-

searched. Random-e�ects or fixed-e�ects models were adopted to calculate

the pooled relative risks (RRs) and 95% confidence intervals (CIs). The between-

study heterogeneity was explored using the Cochran’s Q test and I-square (I2).

Publication bias was investigated using the visual inspection of asymmetry in

funnel plots and Begg’s and Egger’s tests.

Results: Nine studies (six cross-sectional and three prospective cohort studies)

totaling 23,500 participants with 6,192 MetS cases were included in the final

analysis. The pooled e�ect size for the highest vs. lowest categories of UPF

consumption indicated a positive association with the risk of MetS (RR: 1.25,

95%CI: 1.09–1.42, P < 0.0001). Subgroup analyses revealed a positive association

between consumption of UPF and MetS risk in cross-sectional studies (RR: 1.47,

95%CI: 1.16–1.87, P = 0.002), and no significant association in cohort studies (RR:

1.10, 95%CI: 0.96–1.27, P = 0.104), respectively. In addition, a more significant

association betweenUPF consumption and increased risk ofMetSwas found in the

subgroups of study quality <7 (RR: 2.22; 95%CI: 1.28–3.84, P = 0.004) than study

quality ≥7 (RR: 1.20; 95%CI: 1.06–1.36, P = 0.005). Similarly, when we performed

analyses separately by sample size, there was a significant association between

UPF consumption and MetS risk in sample size ≥5,000 (RR: 1.19; 95%CI: 1.11–

1.27, P < 0.0001), and in sample size <5,000 (RR: 1.43; 95%CI: 1.08–1.90, P =

0.013), respectively.

Conclusions: Our findings suggest that higher consumption of UPF is significantly

associated with an increased risk of MetS. Further longitudinal studies are needed

to confirm the e�ect of UPF consumption on MetS.
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Introduction

Metabolic syndrome (MetS) is a pathophysiological state
and cluster of ≥3 different cardiovascular risk factors, including
abdominal obesity, insulin resistance, elevated blood pressure and
dyslipidemia (1). Parallel to rapid economic development and
changes in lifestyle, the prevalence of MetS is continuing to
rise worldwide, affecting approximately a quarter of the adult
population, and has become an important public health issue
(2, 3). The Chinese National Nutrition and Health Surveillance
(2010–2012) reported that the prevalence of MetS in Chinese
adults aged 20 years or older was 18.7% and an estimated
189 million adults living with MetS in China (4). Likewise, the
prevalence of MetS in U.S. adults reached 34.2% during 2007–
2012, according to the National Health and Nutrition Examination
Survey (NHNES) (5). Meanwhile, MetS has also been considered to
be an important risk factor for many chronic non-communicable
diseases (NCDs), such as type 2 diabetes, stroke, cardiovascular
disease (6). Given the high morbidity and its strong link to some
NCDs, early prevention of MetS is of almost importance. Although
the precise etiology of MetS is not completely understood, known
risk factors for MetS included genetic predisposition, smoking,
alcohol consumption, sedentary lifestyle and high sugar or fat diets
(6, 7).

Over the past several decades, abundant evidence has shown
that dietary factors play the important role in the development of
MetS (8). Previous studies have specially examined the associations
between the consumption of specific foods or nutrients and risk
of MetS (9–11). However, less attention has been paid for the
association between different degree of food processing and MetS.
Recently, the global consumption of ultra-processed foods (UPF)
has been rising rapidly in some middle- or high-income countries,
contributing to 25%∼60% of daily energy intake (12–14). During
the SARS-CoV-2 pandemic, many people were at risk of financial
restrictions, which could easily translate into choosing UPFs,
which are typically high in energy density, added sugars, salt,
saturated and trans-fats, as well as low in dietary fiber, protein,
vitamins andminerals (15). Apart of nutritional composition, UPFs
are highly palatable, convenient, long shelf life and affordable
(14). Thus, UPF intake has garnered considerable attention from
scientific researchers. To date, some observational studies have
explored the potential associations between UPF consumption
and various adverse health outcomes, including obesity, type 2
diabetes, hypertension, and cardiovascular disease (16–19). Of
note, several recent systematic review and meta-analyses have also
been published to clarify the associations between consumption of
UPF and type 2 diabetes, hypertension and all-cause mortality (20–
22). Consequently, these studies provided fairly consistent support
for the positive associations of UPF consumption with adverse
health outcomes. After 2011, some epidemiological studies have
also been carried out to explore the direct relationship between
consumption of UPF and MetS risk (3, 23–30), but the results

Abbreviations: CHNS, China Health and Nutrition Survey; CI, Confidence

interval; HR, Hazard ratio; MetS, Metabolic syndrome; NCDs, Non-

communicable diseases; NOS, Newcastle-Ottawa Quality Scale; OR, Odds

ratio; RR, Relative risk; SEs, Standard errors; UPF, Ultra-processed food.

remain controversial. So far, five published studies have reported
that higher intake of UPF was associated with an increased risk of
MetS (23, 25–29), while others showed a null association (3, 24, 30).
For instance, during a median follow-up time of 6 years (IQR: 3.0–
9.0), an analysis of China Health and Nutrition Survey (CHNS)
showed that higher long-term UPF consumption was associated
with an increased risk of MetS in Chinese adults (RR: 1.17,
95%CI: 1.01–1.35) (23). Similarly, in the Brazilian Longitudinal
Study of Adult Health (ELSA-Brasil), Canhada et al., also found
a positive association between consumption of UPF and the risk
of MetS (RR: 1.19, 95%CI: 1.07–1.32) (25). In contrast, a recent
prospective cohort study of 896 Brazil adults found no significant
association between UPF consumption and risk for MetS (RR:
1.00, 95%CI: 0.99–1.01) (3). Indeed, previous meta-analyses have
consistently shown a strong association between specific types
of ultra-processed foods, such as soft drink, processed meat and
risk of MetS (31, 32). Meanwhile, Lane et al. also published
a systematic review and meta-analysis of observational studies
reporting the association between consumption of ultraprocessed
food and chronic non-communicable diseases (33). However, the
above-mentionedmeta-analysis regarding the relationship between
UPF consumption and MetS risk was limited by a relatively
limited number of studies available for inclusion at the time
of publication (n = 4). Since then, several new epidemiological
studies have also been published evaluating the association of UPF
consumption with the risk of MetS (3, 23–25, 30). Furthermore,
Lane et al.’s work has some limitations. For example, they only
included four studies, which did not perform subgroup analyses
to explore the potential sources of heterogeneity. Also, because
the previous meta-analysis was based on four included studies,
their results cannot be generalized to other populations. Therefore,
we undertook a comprehensive systematic review and meta-
analysis with the purpose to clarify the relationship between
UPF consumption as defined by the NOVA framework and risk
of MetS.

Methods

Search strategy

This systematic review and meta-analysis was performed in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines (34). The protocol of the
present study was not registered in PROSPERO. We carried out
a comprehensive literature search, without any restrictions in
time or language, up to March 2023 through the PubMed, ISI
Web of Science, EBSCO and CNKI databases to identify all the
published articles on the relationship between UPF consumption
and risk of MetS. The following keywords or phrases, including
those from the medical subject headings (MeSH) and non-MeSH
terms, were utilized in this search: (“ultra-processed food” OR
“ultraprocessed food” OR “UPF” OR “NOVA food classification”)
AND (“metabolic syndrome” OR “MetS” OR “syndrome X”).
Besides, the reference lists from the retrieved articles and
published reviews were further searched for potentially relevant
studies. The literature search was conducted by two authors
(L.S. and C.-J.S). Disagreements were resolved by consensus after
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discussion with another author (Q.Z.). Our selection criteria was
based on the PECOS (e.g. participant, exposure, comparison,
outcome, and study design) framework, which is presented in
Supplementary Table S1.

Study selection

Two authors (C.-J. S and L.S.) independently screened and
crosschecked each article from the literature search, and a third
author (Q.Z.) was consulted to settle any discrepancies. After
comprehensive screening all the titles and abstracts, the full-
text versions of the articles were reviewed according to the
inclusion and exclusion criteria of this meta-analysis. Studies
were included in our analyses when they met all the following
eligibility criteria: (1) were observational studies (cross-sectional,
case-control or cohort studies); (2) were carried out in humans
of any age; (3) UPF was considered as the main exposure of
interest (according to the NOVA food classification system); (4)
evaluated the association with MetS risk; (5) reported adjusted
estimates of the RRs [e.g. hazard ratios (HRs) or odds ratios
(ORs)] and 95%CIs for the link between UPF consumption and
MetS risk. Where the original studies didn’t provide sufficient
data, the corresponding author of the study was contacted
by email for additional information. Studies were excluded if
they met one of the following criteria: (1) non-observational
studies, e.g. reviews, editorials, case reports and conference
letters; (2) animal, cell culture, and in vitro studies; (3) did
not use the NOVA food classification system (assessed the only
specific food or food groups, such as processed meat); (4)
studies not reported as HRs, RRs or ORs with 95%CIs; (5)
unrelated articles.

Data extraction

Data were extracted by two independent authors (X.-Y.
Z and J.-Y. Z) from the identified eligible studies, including
first author’s last name, year of publication, study design,
study area, sample size, number of MetS cases, mean age
or age range of participants, duration of follow-up for
cohort studies, method of UPF assessment, adjustments for
confounding factors, and effect sizes (ORs, HRs or RRs)
for the relationship between UPF consumption and risk
of MetS.

Definition of ultra-processed food

In the NOVA food classification system, UPF is characterized
by high intake of foods made up entirely or mostly from unhealthy
components, including food products having high energy density,
added sugar, salt, saturated and trans fats, and low amounts of
dietary fiber, vitamins and minerals, e.g. pizza, instant noodles,
hamburger and smoking meats (12).

Quality assessment

The authors (L.S. and X.-Y. Z) independently assessed each
included study’s quality using the Newcastle-Ottawa Scale (NOS),
which was designed for case-control and cohort studies (35). In the
NOS checklist, scores ranged from 0 to 9 based on the eight items
related to study selection (4 stars), comparability of participants (2
stars), and assessment of outcome/exposure of interest (3 stars).
Finally, those studies with NOS scores ≥7 points were deemed as
high quality, consistent with a previous meta-analysis (36). The
assessment of the credibility of evidence was also carried out by
using the NutriGrade scoring system (37). This tool comprises the
eight items: (1) risk of bias, study quality, and study limitations (0
to 2 points); (2) precision (0 to 1 point); (3) heterogeneity (0 to
1 point); (4) directness (0 to 1 point); (5) publication bias (0 to 1
point); (6) funding bias (0 to 1 point); (7) effect size (0 to 2 points);
and (8) dose-response (0 to 1 point). According to this NutriGrade
score, ≥ 8 points, 6–7.99 points, 4–5.99 points and 0–3.99 points
were defined as high, moderate, low and very low, respectively. Any
discrepancies between two authors were resolved by a third author
(Q.Z.) to reach a consensus.

Data synthesis and statistical analyses

For the present analysis, we considered the HRs and ORs to be
equivalent to RRs (36). In this study, data were measured as log RR
with standard errors (SEs) by using the ORs, HRs, RRs and their
corresponding 95%CIs. Random-effects or fixed-effects models
were used to calculate the pooled RRs and 95% CIs. Heterogeneity
among the included studies was tested by the Cochran’s Q test and
I-squared (I2) statistics. P-values of Cochran’s Q test <0.10 and
I2 >50% were considered to show substantial heterogeneity among
the included studies, and subsequently the random-effects models
(DerSimonnian and Laird method) were used to summary the
pooled RRs. Otherwise, the fixed-effects models were adopted (38).
According to the I2 value, heterogeneity was classified as low (I2

≤ 25%), moderate (25%∼75%) and high (I2 ≥ 75%), respectively.
In the case of significant between-study heterogeneity (I2 > 50%),
the potential sources of heterogeneity across studies were explored
using subgroup and sensitivity analyses. In our analyses, subgroup
analyses were performed based on the study design (cohort or
cross-sectional studies), exposure assessment (FFQ or 24h dietary
recall), study quality (≥7 or <7), mean age (≥55 or <55), study
area (developed countries or developing countries) and sample size
(<5,000 or ≥5,000). Sensitivity analysis was performed, excluding
one study removed at one time to confirm whether the results
were robust or sensitive to the influence of individual study.
Publication bias was assessed through examining the funnel plots,
and statistical assessment of funnel plot asymmetry was quantified
by Begg’s or Egger’s tests (39). When publication bias was detected,
the trim and fill method was used to correct the results (40).
All statistical analyses were conducted with STATA version 12.1
(College Station, Texas, USA). A 2-sided P-value ≤ 0.05 was
considered as statistically significant unless otherwise specified.
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Results

Overview of included studies for the
systematic review

Figure 1 shows flow chart of the process of the study selection.
A total of 616 potentially relevant articles (181 for PubMed, 177 for
Web of Science, 254 for EBSCO, 2 for CNKI, 2 for other sources)
were retrieved during the initial literature search. After eliminating
344 duplicated articles, 272 articles remained. Subsequently, 197
articles were excluded based on the titles and abstracts and 37
irrelevant studies were also excluded. Of the remaining 38 full-
text articles, 29 articles were excluded due to the following reasons:
systematic review or meta-analyses (n = 21), the outcome of
interest was components of metabolic syndrome (n = 2), the main
exposure was processed meats (n = 2), conference abstract (n =

2), reported data as β coefficient (n = 1) and reported the same
participants (n= 1). Finally, nine articles met the inclusion criteria
and were included in our main analyses.

Characteristics of the studies

The main characteristics of all included studies are outlined
in Table 1. Altogether, nine articles with 23,500 participants and
6,192 MetS cases were included in this systematic review and

meta-analysis. All these included studies were published in English
between 2012 and 2023. Sample sizes ranged from 210 to 8065
participants. The age of participants ranged from ages 18 to
above. The majority of the included studies were cross-sectional
in design (24, 26–30), and only three were prospective cohort
design (3, 23, 25). Among eligible studies, four of the included
studies were conducted in Brazil (3, 24–26), one in Israel (29),
one in United States (27), one in Lebanon (30), one in China
(23), and one in Canada (28). The follow-up duration for cohort
studies ranged from 8 to 29 years. Sample size ranged from 210
to 8,065. All included studies classified UPF intake according to
the NOVA food classification systems (3, 23–30). Dietary data
were collected using 24-h dietary recalls (23, 24, 27, 28) and FFQs
(3, 25, 26, 29, 30), respectively. Overall, based on the NOS scores,
eight of all the included studies were deemed as of high quality
(3, 23–25, 27, 29, 30), and the remaining one was of low quality
(26). The other characteristics of the included studies are described
in Supplementary Table S2.

Ultra-processed food intake and MetS risk

Nine studies (five cross-sectional and three cohort studies)
including 6192 cases and 23500 participants were included in
this meta-analysis that investigated the association between UPF

FIGURE 1

Flow chart of the process of the study selection.
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TABLE 1 Characteristics of the included studies on the association between consumption of ultra-processed food and risk of metabolic syndrome.

References Study
design

Country Sample
size

Follow-
up

(years)

Mean
age/age
range

Exposure
assessment

Outcome E�ect
sizes
OR/RR
(95%CI)

Study
quality

Adjustment

Magalhães et
al. (3)

Cohort Brazil 896 12–16 y 37–39 y FFQ MetS 1.00
(0.99–1.01)

8 Sex, skin color, age, education, marital status,
family income, alcohol consumption,
smoking, level of physical activity and total
caloric intake

Pan et al. (23) Cohort China 5,147 29 ≥18 y 24-h dietary
recall

MetS 1.17
(1.01–1.35)

9 Gender, age, education level, place of
residence, regions, income level, smoking
history, drinking status, metabolic
equivalents, urbanicity, BMI, total energy
intake, protein intake, fat intake,
carbohydrate intake, and sodium intake

Barbosa et al.
(24)

Cross-
sectional

Brazil 895 - 19–55 y 24-h dietary
recall

MetS 1.09
(0.89–1.32)

7 Age, race/skincolor, marital status, schooling,
family participation in a government
program, family income, employment status,
food insecurity, smoking and health
problems in the last 15 days, excess weight
and neck circumference

Canhada et al.
(25)

Cohort Brazil 8,065 8 y 35–74 y FFQ MetS 1.19
(1.07–1.32)

9 Age, sex, center, race or color, income, school
achievement, smoking, physical activity,
alcohol, energy intake, and BMI

Tavares et al.
(26)

Cross-
sectional

Brazil 210 - 12–19 y FFQ MetS 2.49
(1.24–3.57)

6 Smoking, family hypertriacylglycerolaemia
and energy intake

Martínez
Steele et al.
(27)

Cross-
sectional

USA 6,385 - ≥20 y 24-h dietary
recall

MetS 1.20
(1.07–1.35)

7 Sex, age group, race/ethnicity, ratio of family
income to poverty and educational
attainment, smoking status, physical activity,
BMI (continuous).

Lavigne-
Robichaud et
al. (28)

Cross-
sectional

Canada 811 - ≥18 y 24-h dietary
recall

MetS 1.90
(1.14–3.17)

7 Age (continuous), sex, area of residence
(coastal/inland), current smoker (yes/no),
alcohol drinker (yes/no, except for the aHEI-
2010 model) and total dietary energy intake
(kcal/d, continuous)

Ivancovsky-
Wajcman et al.
(29)

Cross-
sectional

Israel 789 - 40–70 y FFQ MetS 1.88
(1.31–2.71)

7 Age, gender, BMI, saturate fatty acids and
protein intake (% of total kcal), physical
activity (hours/week), coffee (cups/day) and
fibers (g/day)

Nasreddine et
al. (30)

Cross-
sectional

Lebanon 302 - ≥18 y FFQ MetS 1.11
(0.26–4.65)

6 Age, gender, marital status, area of residence,
level of education, income, smoking status,
physical activity, total energy intake and BMI.

USA, United States; CVD, cardiovascular disease; BMI, Body mass index; DGAI, Dietary Guidelines Adherence Score; WC, Waist circumference.
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FIGURE 2

Forest plot of the association between consumption of UPF and MetS.

consumption and MetS. Figure 2 shows obvious evidence of an
increased risk of MetS in the highest compared with the lowest
categories of UPF consumption (RR= 1.25; 95%CI: 1.09–1.42, P <

0.0001). The high heterogeneity was observed among the included
studies (I2 = 85.0%; P < 0.0001), thus random-effects model was
used to calculate the pooled RRs.

Subgroup analyses

Given the significant heterogeneity of this meta-analysis (I2 =
85.0%, P < 0.0001), we performed subgroup analyses to find the
potential sources of heterogeneity. The results of subgroup analyses
were presented in Table 2. In this study, subgroup analyses were
stratified basing on the study design (cohort or cross-sectional
studies), exposure assessment (FFQ or 24 h dietary recall), study
quality (≥7 or <7), mean age (≥55 or <55), study area (developed
countries or developing countries) and sample size (<5,000 or
≥5,000). When we conducted analyses separately by study design,
results showed a positive association between UPF intake and
MetS risk in cross-sectional studies (RR = 1.47; 95%CI: 1.16–
1.87, P = 0.002). However, there was evidence of heterogeneity
between studies (P = 0.006; I2 = 69.3%). Meanwhile, there was

no significant association between UPF intake and MetS risk in
cohort studies (RR= 1.10; 95%CI: 0.96–1.27, P= 0.104), withmore
evidence of heterogeneity (P = 0.001; I2 = 86.5%). For exposure
assessment, there was a significant association between UPF intake
and risk of MetS (RR = 1.19; 95%CI: 1.07–1.31, P = 0.001) in 24-
h dietary recall, with less evidence of heterogeneity (P = 0.257;
I2 = 25.7%). In addition, we also found significant association
between UPF intake and MetS risk in FFQ (RR = 1.33; 95%CI:
1.06–1.66, P = 0.014), and there was more heterogeneity (P <

0.0001; I2 = 88.0%). For mean age, the positive association between
UPF intake and risk of MetS was observed in the subgroups of
age <50 (RR = 1.31; 95%CI: 1.00–1.72, P = 0.053), and there
was evidence of significant heterogeneity (P = 0.001; I2 = 78.0%).
Moreover, we also observed the significant positive association
between UPF intake and MetS risk in the subgroups of age ≥50
(RR= 1.23; 95%CI: 1.11–1.36, P < 0.0001), and there was evidence
of heterogeneity (P = 0.113; I2 = 49.7%). For study area, there was
a significant association between UPF intake and risk of MetS in
developed countries (RR= 1.54; 95%CI: 1.08–2.22, P = 0.019) and
the between-studies heterogeneity decreased from 85.0% to 74.3%.
However, the statistical association was also observed between
UPF intake and risk of MetS in developing countries (RR = 1.15;
95%CI: 1.01–1.33, P = 0.041). For sample size, we found a positive
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TABLE 2 Subgroup analyses for the association between UPF

consumption and risk of MetS.

Study
characteristic

No. of
studies

RR
(95%CI)

Heterogeneity

I
2 (%) P

All 9 1.25
(1.09–1.42)

85.0 <0.001

Study design

Cross-sectional 6 1.47
(1.16–1.87)

69.3 0.006

Cohort 3 1.10
(0.96–1.27)

86.5 0.001

Exposure assessment

FFQ 5 1.33
(1.06–1.66)

88.0 <0.001

24 h dietary recall 4 1.19
(1.07–1.31)

25.7 0.257

Study quality

≥7 7 1.20
(1.06–1.36)

85.7 <0.001

<7 2 2.22
(1.28–3.84)

5.6 0.303

Mean age

≥50 4 1.23
(1.11–1.36)

49.7 0.113

<50 5 1.31
(1.00–1.72)

78.0 0.001

Study area

Developing
countries

6 1.15
(1.01–1.33)

81.4 <0.001

Developed
countries

3 1.54
(1.08–2.22)

74.3 0.021

Sample size

≥5,000 3 1.19
(1.11–1.27)

0.0 0.965

<5,000 6 1.43
(1.08–1.90)

83.2 <0.001

UPF, Ultra-processed food; MetS, Metabolic syndrome; FFQ, Food frequency questionnaire;

RR, relative risk; CI, confidence interval.

association between UPF intake and risk of MetS in sample size
<5,000 (RR = 1.43; 95%CI: 1.08–1.90, P = 0.013). However, the
heterogeneity was apparent (P < 0.0001, I2 = 83.2%). In contrast,
we also found a significant association between UPF intake and
MetS risk in sample size≥5,000 (RR= 1.19; 95%CI: 1.11–1.27, P <

0.0001), and there was no heterogeneity (P= 0.965; I2 = 0.0%). For
study quality, significant positive association was found between
UPF intake and MetS risk in the subgroups of study quality ≥7
(RR = 1.20; 95%CI: 1.06–1.36, P = 0.005), and there was more
heterogeneity (P < 0.0001, I2 = 85.7%). In addition, there was less
evidence of heterogeneity in the subgroups of study quality <7 (P
= 0.303; I2 = 5.6%), where significant positive association with risk
of MetS was observed (RR= 2.22; 95%CI: 1.28–3.84, P = 0.004).

Publication bias

As shown in Supplementary Figure 1, inspection of funnel
plots revealed obvious evidence of asymmetry. Egger’s test for
publication bias had statistical significance (highest vs. lowest
consumption: Egger’s test: P = 0.001). However, in our analyses,
Begg’s test for publication bias was not statistically significant
(highest vs. lowest level of UPF consumption: Begg’s test: P =

0.917). When trim and fill was applied filling added no study to the
funnel plot, indicating a low degree of asymmetry and no change in
the overall effect.

Sensitivity analysis

Based on the findings of sensitivity analysis
(Supplementary Figure 2), a cohort study by Magalhãesas et al.
was outside the limit, and might be the source of heterogeneity.
When Magalhãesas et al.’ study was excluded in the repeat analysis
(Supplementary Figure 3), sensitivity analysis revealed a slight
increase in the pooled RRs on the relationship between UPF
consumption and risk of MetS (RR = 1.28; 95%CI: 1.14–1.45,
P < 0.0001). In addition, the heterogeneity of included studies
decreased from 85.0 to 59.2%.

Quality assessment

The quality of included studies using NOS criteria is shown
in Table 3. When included studies received a score of seven or
higher, they would be deemed to be of relatively higher quality
(3, 23–25, 27, 29, 30). Moreover, the remaining one articles was
identified as low-quality (26). According to the NutriGrade score,
the credibility of evidence was moderate considering studies that
assessed the exposure with the NOVA food classification system
(Table 4).

Discussion

In the present study, the pooled results illustrated that high
consumption of UPF was significantly associated with an increased
risk of MetS. Nonetheless, the results of this meta-analysis must
be interpreted with caution due to the high heterogeneity among
the included studies. Moreover, subgroup analyses showed the
positive association between high consumption of UPF and risk
of MetS was more robust in cross-sectional studies and the
subgroups of study quality <7. Likewise, the results of sensitivity
analysis indicated that Magalhãesas et al.’ study might be the
source of heterogeneity. To the authors’ knowledge, this is the
first comprehensive systematic review and meta-analysis to assess
the relationship between consumption of UPF and MetS risk. Our
findings confirm the positive association results of previous studies
and add to the growing evidence for the role of UPF consumption
in diet-related chronic diseases, including MetS.

With economic development and changes in lifestyle, the
prevalence of MetS is increasing around the world (2). It is reported
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TABLE 3 Ultra-processed food consumption and risk of metabolic syndrome: assessment of study quality.

Studies Selection Comparability Outcome Score

1 2 3 4 5A 5B 6 7 8

Cohort

Magalhães et al. (3) ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ 8

Pan et al. (23) ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ 9

Canhada et al. (25) ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ 9

Cross-sectional

Barbosa et al. (24) ∗ ∗ ∗ ∗ ∗ ∗ ∗ 7

Tavares et al. (26) ∗ ∗ ∗ ∗ ∗ ∗ 6

Martínez Steele et al. (27) ∗ ∗ ∗ ∗ ∗ ∗ ∗ 7

Lavigne-Robichaud et al. (28) ∗ ∗ ∗ ∗ ∗ ∗ ∗ 7

Ivancovsky-Wajcman et al. (29) ∗ ∗ ∗ ∗ ∗ ∗ ∗ 7

Nasreddine et al. (30) ∗ ∗ ∗ ∗ ∗ ∗ 6

∗For case-control studies, 1 indicates cases independently validated; 2, cases are representative of population; 3, community controls; 4, controls have no history of blood pressure disease; 5A,

study controls for age; 5B, study controls for additional factor(s); 6, ascertainment of exposure by blinded interview or record; 7, samemethod of ascertainment used for cases and controls; and 8,

non response rate the same for cases and controls. For cohort studies, 1 indicates exposed cohort truly representative; 2, non exposed cohort drawn from the same community; 3, ascertainment

of exposure; 4, outcome of interest not present at start; 5A, cohorts comparable on basis of age; 5B, cohorts comparable on other factor(s); 6, quality of outcome assessment; 7, follow-up long

enough for outcomes to occur; and 8, complete accounting for cohorts.

TABLE 4 Credibility of evidence using NutriGrade tool for association

between UPF consumption and MetS.

UPF consumption
evaluated by NOVA
classification system

NutriGrade items

Risk of biasa 2

Precisionb 1

Indirectness 0

Heterogeneityc 0.5

Publication biasd 0.5

Effect sizee 1

Dose-response 0

Funding bias 1

Total score 6

Credibility of evidence Moderate

UPF, Ultra-processed food; MetS, Metabolic syndrome.
aRisk of bias was based on the Newcastle-Ottawa Scale, where≥7= 2 points; 4–6.9= 1 point;

and 0–3.9= 0 points.
bPrecision is 1 point if the number of events ≥500 and the 95% CI excludes the null value;

precision is 0 points if the number of events <500 or number of events ≥500, but 95% CI

includes the null value (e.g., CI includes RR of 1.0) and 95% CI fails to exclude an important

benefit (RR of 0.8) or harm (RR of 1.2).
cWhen I2 was <40% or I2 was ≥40% but the source of heterogeneity was found by subgroup

analysis 1 point was assigned; otherwise, 0 points were assigned.
dBased on the funnel plots, Egger or Begg’s test. <5 studies = 0 points; no evidence for

publication bias with test or plot (≥10 studies)= 1 point.
eIf the RR or HR <0.80–0.50 and >1.20–2.00, respectively, 1 point is assigned and the

corresponding test is statistically significant; if the RR or HR <0.50 and >2.00, respectively, 0

points are assigned and the corresponding test is statistically significant.

that the standardized prevalence of MetS was 31.1% in 2015–
2017, and approximately a third of adults have MetS in China
(7). Given the high prevalence and burden on public health, more

attention is now needed to prevent the occurrence of MetS. As we
all know, dietary factors, as a component of lifestyle, play a key
role in the prevention of MetS (8). Over the past decades, the food
supply industries have increased the commercialization of UPF,
and usual diets have also shifted toward the consumption of UPF,
characterized by high in energy density, added sugar, saturated and
trans-fats, as well as lower in fiber (41). In recent decade, the global
consumption of UPF has increased rapidly, contributing about
25%∼60% of total daily energy intake in some high- and middle-
income countries (19). However, there are considerable differences
in UPF consumption between developing and developed countries
(42, 43). For example, UPF consumption has already accounted
for more than 50% of total energy intake in countries such as
United States, Canada and United kingdom (44–46). By contrast,
the median contribution of UPF intake to the total daily energy
was 10.5% in China (47). Although the overall consumption of
UPF in China is currently lower than that observed in some high-

income countries, the increased trend was dramatic, especially in
highly urbanized areas (48). According to China’s most recent
census in 2020, the proportion of individuals aged 65 years and
above in China has reached nearly 14%, indicating that China is
becoming an elderly society (49). UPF consumption is associated
with poorer diet quality (i.e. low dietary fiber, fruits and vegetables
intake), which can lead to frailty. A recent cross-sectional study
conducted by Zupo et al., offered the evidence of food processing
contribution to poor nutrition in the aging population (50). Hence,
the influence of UPF consumption on chronic diseases has garnered
considerable attention from researchers. Until now, some previous
observational studies have shown that higher consumption of UPF
is significantly associated with adverse health outcomes, such as
the increased risks for obesity, hypertension, diabetes, metabolic
syndrome and cancers (16, 20–22). However, epidemiological
evidence regarding the effect of consumption of UPF on the risk
of MetS is limited and inconclusive (13, 23–30). In this study,
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we found a significant positive relationship between UPF intake
and MetS risk, although there was evidence of high heterogeneity
across studies (I2 = 85.0%; P < 0.001). This is in agreement
with findings from some previous studies reporting that high
UPF consumption is associated with an increased risk of MetS
(23, 25, 27–29). In the China Health and Nutrition Survey (CHNS),
Pan et al. reported that higher long-term UPF consumption was
associated with an increased risk of MetS in Chinese adults (RR =

1.17; 95% CI: 1.01–1.35) over a follow-up period of 29 years (23).
Similarly, a recent study from the Brazilian longitudinal study of
adult health also showed that higher consumption of UPFs was
associated with an increased risk of MetS (RR = 1.19; 95%CI:
1.07- 1.32) (25). However, contrary to our finding, a recent cross-
sectional study conducted by Barbosa et al., showed no significant
relationship between UPF consumption and MetS risk (RR =

1.09, 95%CI: 0.89–1.32) (24). The differences in assessment of
UPF, amounts and types of UPF of different populations, and
definitions of UPF consumption levels, at least in part, explain
the discrepant results between the different studies (23). Moreover,
the inconsistency may also result from the significant difference
in the statistical power. Previous studies undertaken in Lebanon
and Brazil have documented a small number of MetS, which
results in the limited power (26, 30). Furthermore, it is worth
noticing that these inconsistent findings may be attributed to
the differences in sociodemographic factors, such as age, race,
and income, which have been found to be associated with UPF
consumption (12). Researchers have proposed several potential
plausible mechanisms that may explain the observed positive
association between UPF consumption and risk of MetS, although
conflicting results were reported. First, UPFs tend to be energy
dense and often have high amounts of saturated fat, trans-fat and
added sugars. Previous studies have demonstrated that excessive
consumption of saturated fat and added sugars are associated
with higher risk of MetS (51). Second, the detrimental effect
of UPF consumption on MetS may also partly be attributed to
lower intakes of minimally processed foods such as whole grains,
vegetables, fruits, which are shown to be inversely associated with
risk of MetS (52). Third, beyond the poor nutritional composition,
other components common present in UPF, such as emulsifiers
and artificial sweeteners have been implicated in changes in gut
microbiota, glucose intolerance and insulin resistance, which could
lead to the progression of MetS (53–55). Fourth, UPF may be
contaminated with packaging contact materials, such as phthalates
and bisphenol A, are involved in endocrine disruption and insulin
resistance (56). A previous meta-analysis of 33 epidemiological
studies on Bisphenol A and risk of cardiometabolic disorders
showed that higher concentration of Bisphenol A was associated
with an increased risk of cardiometablic outcomes (57). Finally,
food processing (particularly heat treatments) is largely associated
with the loss of physical and structural characteristics of the food
substrate, and has been reported to be associated with lower satiety
potential and higher glycemic responses (58). Given the above,
these plausible mechanisms could explain the positive association
between UPF consumption and risk of MetS.

In our analyses, it is important to point out that there
was evidence for high between-study heterogeneity among all
included studies (I2 = 85.0%, P < 0.0001). Although between-

study heterogeneity is common in meta-analysis (59), exploring
the potential sources of heterogeneity is the essential. Thus, we
performed subgroup analyses based on study design (cohort or
cross-sectional studies), exposure assessment (FFQ or 24 h dietary
recall), study quality (≥7 or <7), mean age (≥55 or <55), study
area (developed countries or developing countries) and sample
size (<5,000 or ≥5,000) to address sources of heterogeneity.
The results of subgroup analyses showed that heterogeneity
might be mainly due to the difference in study design and
exposure assessment. When the results were stratified by exposure
assessment, the heterogeneity among included studies decreased
from 85.0 to 25.7%. There are several possible explanations for the
high heterogeneity. First, different levels of UPF consumption in
included studies may explain, to some extent, the high between-
study heterogeneity. Second, six of the included studies were
cross-sectional in design. Given the observational nature of
included studies, we cannot assume the causality of the observed
association. Likewise, the results may be susceptible to recall
bias, resulting from dietary survey methods (i.e. FFQs and 24-
h dietary recalls) in the observational studies. Third, considering
that UPF consumption varied across different populations, and
that definitions of UPF consumption levels varied in different
studies, despite the RRs or ORs were all from the highest category
(taking the lowest category as the reference), different populations
and studies may have different definitions of UPF consumption
levels, thereby causing the substantial heterogeneity. Fourth,
different models used to control potential confounding variables
in included studies may explain the heterogeneity observed in
our analyses. There was an inconsistent adjustment for potential
confounding variables in the included studies. As a consequence,
it is inevitable that we have high levels of heterogeneity when
combining studies. Finally, the considerable heterogeneity persisted
in subgroup analyses, indicating the presence of other unknown
confounding factors.

Strengths and limitations

This study has several strengths and limitations. First, to our
knowledge, this is the first comprehensive systematic review and
meta-analysis to evaluate the relationship between consumption
of UPF and the risk of MetS. Our findings add to the growing
evidence for the impact of UPF consumption on MetS and help
inform public policy for the prevention and management of MetS.
Second, a rigorous selection of articles was conducted based on
the predetermined inclusion criteria, with the inclusion only of
studies in which the classification of UPFs faithfully followed the
characteristics proposed by the NOVA system. Third, MetS cases
were ascertained through medical records, reducing the risk of
misclassification. Fourth, the quality of the included studies was
moderate to high, and the reported RRs were multivariate and
adjusted for some known confounders, such as sex, age, physical
activity and total energy intake. Meanwhile, we also performed
subgroup and sensitivity analyses to explore the potential sources
of heterogeneity. Fifth, no signs of publication bias were evident
in the funnel plot, and the Begg’s test for publication bias was
non-significant. Despite the above-mentioned strengths, this study
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also has some limitations that should be acknowledged. First,
although our findings show a positive relationship between UPF
consumption and MetS risk, the majority of included studies are
cross-sectional in design, which are limited by the potential for
reverse causality. Second, five of the included studies used the
FFQs that were not specifically designed to assess the NOVA
classification groups, which might have led to an under- or over-
estimation of the size of the observed associations. Likewise,
information bias, as a consequence of self-reported data on dietary
intake, might have occurred. Third, even though all of included
studies in this meta-analysis have adjusted for a wide range of
important confounders, residual confounding from unmeasured
factors cannot be completely ruled out. Also, there was also
an inconsistent adjustment for potential confounders in the all
included studies. Consequently, the data included in this meta-
analysis might suffer from differing degrees of completeness and
accuracy. Fourth, high heterogeneity was found in this meta-
analysis, which might have distorted the reliability of our results.
Although we performed subgroup and sensitivity analyses to
explore the potential sources of heterogeneity, we were unable
to adequately ascertain and explain the sources of inter-study
heterogeneity. Finally, given the limited number of included studies
and the fact that most of them were performed in developing
countries, caution is advised in the interpretation and extrapolation
of our findings.

Conclusion

In summary, findings from this study suggest that
higher consumption of UPF is significantly related to
an increased risk of developing MetS. Our findings add
valuable evidence to the existing literature showing a positive
relationship between UPF consumption and risk of MetS,
and highlight the importance of limiting UPF consumption
in decreasing the modifiable burden of MetS. Thus, active
discouragement of UPF consumption should be considered
as part of MetS prevention strategies. Considering the high
level of evidence provided in the included studies, more
well-designed prospective studies, particularly in different
geographic regions and settings, are warranted to further confirm
these findings.
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