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Abstract

Background: Consumption of ultra-processed foods (UPFs) plays a potential role in the development of obesity
and other diet-related noncommunicable diseases (NCDs), but no studies have systematically focused on this. This
study aimed to summarize the evidence for the association between UPFs consumption and health outcomes.

Methods: A comprehensive search was conducted in PubMed, Embase, and Web of Science to identify all relevant
studies. Epidemiological studies were included, and identified studies were evaluated for risk of bias.A narrative review
of the synthesized findings was provided to assess the association between UPFs consumption and health outcomes.

Results: 20 studies (12 cohort and 8 cross-sectional studies) were included in the analysis, with a total of 334,114
participants and 10 health outcomes. In a narrative review, high UPFs consumption was obviously associated with an
increased risk of all-cause mortality, overall cardiovascular diseases, coronary heart diseases, cerebrovascular diseases,
hypertension, metabolic syndrome, overweight and obesity, depression, irritable bowel syndrome, overall cancer,
postmenopausal breast cancer, gestational obesity, adolescent asthma and wheezing, and frailty. It showed no
significant association with cardiovascular disease mortality, prostate and colorectal cancers, gestational diabetes
mellitus and gestational overweight.

Conclusions: This study indicated a positive association between UPFs consumption and risk of several health
outcomes. Large-scale prospective designed studies are needed to confirm our findings.
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Introduction
Noncommunicable diseases (NCDs), such as cardiovas-
cular diseases, type 2 diabetes and some cancers, are col-
lectively responsible for almost 70% of all deaths
worldwide. The current prevalence of NCDs poses

devastating health outcomes and constitutes a serious
threat to global health systems. To reduce the number
of deaths caused by NCDs, a better understanding of the
potential risk factors is needed.
Unhealthy diets are recognized as a major determinant

of the occurrence of NCDs. With the increasing trend of
NCDs, a steady rise in the share of processing foods has
been seen. In the last half century food processing has
evolved greatly as a consequence of the industrialization
and globalization of food systems [1]. Negative effects on
nutritional dietary quality emerged subsequently, such as
higher content in free sugars, saturated fats, energy
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density and sodium, and less content in protein, fiber
and micronutrients. It is believed that most NCDs can
be prevented by changes in diet patterns.
Ultra-processed foods (UPFs) are defined as formula-

tions of ingredients derived from foods and additives,
coupled with substances including colorings, flavorings,
sweeteners, and emulsifiers [2]. They contain little if any
intact food. Included in this definition are sugar-
sweetened beverages, sweets, ice cream, chocolates,
savoury snacks, burgers, processed meat and frozen
dishes. Compared with other food groups, UPFs are typ-
ically durable, ready to consume, low-cost and hyper-
palatable. They tend to be packaged delicately and mar-
keted concentratedly. They are characteristically fatty,
sugary or salty, energy-dense and lack of protein, dietary
fibre, micronutrients and several bioactive compounds
[3–5]. Furthermore, they may contain neo-formed con-
taminants derived from industrial processing, as well as
substances from additives and packaging [6, 7]. Consid-
ering the association between UPFs and poorer dietary
quality, the share of UPFs has been proposed as an ef-
fective predictor of population diet quality [8–10].
The whole world has witnessed a dramatic transition

in food consumption patterns. Unprocessed or minim-
ally processed foods and freshly prepared meals are
gradually displaced by UPFs. The shift appeared initially
in high and middle income countries, and then world-
wide [11, 12]. Transnational corporations are major fac-
tors that drive the production and sales of UPFs, along
with their convenience, branding and aggressive market-
ing [13]. These characteristics create massive market ad-
vantages for UPFs over other food groups [14]. In high
income countries, more than half of the foods consumed
are UPFs for most of the age groups, and consumption
decreases with age [15, 16]. Purchase surveys and dietary
trends on UPFs consumption have been performed in
Asia and many western countries [17–21]. It has been
evaluated that the energy contribution of UPFs ranged
from 25 to 60% [22].
The existing evidence indicates that displacement by

UPFs is driving a rising prevalence of obesity and other
diet-related NCDs [23]. A growing body of evidence sug-
gests that increases of UPFs in dietary proportion were
associated with a higher incidence of adverse health out-
comes [16, 24–42]. Decreasing the dietary share of UPFs
may notably contribute to the prevention of diet-related
NCDs [43–45].
As UPFs are increasing dominantly during the past de-

cades, understanding their potential impacts on health
outcomes has become a major imperative. To date, how-
ever, this literature has not been comprehensively evalu-
ated. No reviews have been conducted on this topic
previously. To address these concerns, this systematic
review was conducted to summarize the evidence for the

association between UPFs consumption and health
outcomes.

Methods
Study design
This systematic review is completed according to the
MOOSE (Meta-analysis Of Observational Studies in Epi-
demiology) Statement [46]. We developed a protocol
with methods of the review in advance (Supplement 1).

Search strategy
The public databases of PubMed, Embase, and Web of
Science were comprehensively searched for relevant
studies published up to October 11, 2019. Broad search
strategy was used to ensure that no publications were
overlooked. The search terms were listed in Supplement
1. Studies in language other than English were excluded.
Reference lists of relevant articles and some key journals
were also hand-searched for other pertinent studies. We
considered no limitations on the publication date.

Eligibility criteria
Epidemiological studies including cohort and cross-
sectional studies were considered for further screening.
Eligibility was assessed independently by two authors
(Xiaojia Chen and Zhang Zhang). All differences were
resolved by consensus with a third author (Fan Wang).
We included studies meeting the following inclusion cri-
teria: (i) included more than 500 participants; (ii) the ex-
posure of interest was consumption of UPFs and the
outcomes of interest were any health outcomes (e.g., all-
cause mortality, cancers); (iii) reported the effect sizes of
hazard ratios (HRs), odds ratios (ORs) or relative risks
(RRs) with 95% confidence intervals (CIs). We excluded
experimental studies, reviews, letters, editorials, and ab-
stracts without full texts. When more than one studies
reported on the same cohort and outcome, we only in-
cluded the study with the longest follow-up.

Data extraction
Both authors independently reviewed full-texts of the
eligible studies and extracted data using a standardized
collection form. All differences were resolved by consen-
sus. Information extracted from each study was as fol-
lows: first author, year of publication, study design,
study period and area, study population, number of par-
ticipants, exposure assessment, outcome measures and
categories, comparison, effect sizes (HRs, ORs, and RRs)
with 95% CIs. All kinds of measures of exposures and
outcomes were allowed. There was also no limitation on
outcome categories.
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Quality assessment
Risk of bias was evaluated by two reviewers independ-
ently. All differences were resolved by consensus. We
assessed the quality of cohort studies with the
Newcastle-Ottawa Scale (NOS) and cross-sectional stud-
ies with the JBI Critical Appraisal Checklist [47, 48]. Risk
of bias of each eligible study was evaluated according to
a series of methodological features: (i) sampling of par-
ticipants and their representativeness of the population;
(ii) assessment of exposure to UPFs; (iii) ascertainment
of health outcomes; (iv) adjustment for potential con-
founders; (v) demonstration was mentioned that out-
come of interest was not present at start of study. In
general, cohort studies scoring ≥6 were considered as
high quality, while cross-sectional studies with ≥5 “yes”
were rated as high quality.

Data synthesis
In light of the overall low number of studies, variance of
exposures and outcomes measurement, no quantitative
meta-analysis was conducted. To systematically synthesize
findings across included studies, a narrative synthesis ap-
proach was chosen. We tabulated study characteristics
and classified studies into groups according to different
health outcomes. The evidence was synthesized to provide
useful insights for the association of interest.

Results
Study selection and characteristics
The search strategy identified 1165 records. 563 articles
were screened by titles and abstracts after duplicates

removed. Of the 55 full-texts assessed for eligibility, 20
published epidemiological studies (12 cohort and 8
cross-sectional studies) were included into the system-
atic review, with a total of 334,114 participants and 10
diseases (Fig. 1). An overview of the characteristics of in-
cluded studies was provided in Table 1. All studies were
published between 2015 and 2019, with a sample size
ranging from 785 to 109,104. Six studies were conducted
in Spain, while 5 in France, 4 in Canada, 3 in America
and 2 in Brazil. The median follow-up ranged from 3.5
to 19 years in cohort studies. The mean age of partici-
pants was between 28 and 69 years, exclusive of the un-
known one [41]. The female proportion ranged from 49
to 100%. Of the 20 eligible studies, 4 focused on all-
cause mortality [24–27], 2 on cardiocerebrovascular dis-
eases [28, 29], 2 on metabolic syndrome [30, 31], 5 on
overweight and obesity [16, 32–35], 2 on mental health
diseases [36, 37]. The remaining 5 studies respectively
investigated gastrointestinal diseases [38], cancers [39],
pregnancy outcome [40], respiratory diseases [41], and
geriatric diseases [42].

Quality assessment
The quality assessment was listed in Supplement 2. Co-
hort studies scored ranging from 6 to 9. A maximum of
9 points could be awarded to each cohort study: 4 for se-
lection, 2 for comparability, and 3 for outcome. Two co-
hort studies represented the highest quality. The most
common bias risk was incomplete representativeness.
Volunteers [25, 28, 36, 38, 39] and university graduates
[29, 35, 37] tended to be more health-conscious and had

Fig. 1 Flowchart of literature search
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healthier dietary habits, leading to a lack of representa-
tiveness of the general population. Considering the
chronic development of NCDs, the insufficient follow-up
was another source of bias risk [39, 42].
Cross-sectional studies achieved 5 to 8 “yes”. Three

studies were unclear whether the measurement of the
condition was assessed according to the objective and
standard criteria [30, 31, 41]. Three studies applied in-
complete statistical analysis [31, 34, 40]. The methods of
exposures [33, 40] or outcomes [15, 41] measurement
were short of validity and reliability, which led to bias
risk. However, all the eligible studies made adequate ad-
justments for potential confounding factors. Generally,
all included studies had a good methodological quality.

Study results
The results were synthesized in Table 1, comprising
study design, study setting, samples, exposures, out-
comes, and effect sizes. A narrative synthesis of our find-
ings is as follows.

All-cause mortality
Four cohort studies investigated the association between
UPFs consumption and risk of all-cause mortality [24–
27]. Despite diverse methods of exposures assessment,
all studies reported a significant positive association, in-
dicating that high consumption of UPFs was associated
with an increased hazard for all-cause mortality. Three
of them conducted sensitivity analyses and results did
not substantially change, showing the strength of the as-
sociation [24, 25, 27]. Rico-Campà et al. and Schnabel
et al. found that cancer was the main cause of death.
However, Kim et al. reported null association with car-
diovascular disease mortality, which is surprising.

Cardiocerebrovascular diseases
Two cohort studies investigated the association between
UPFs consumption and risk of cardiocerebrovascular
diseases [28, 29]. Srour et al. focused on the overall of
cardiovascular diseases, and Mendonca et al. on hyper-
tension. Even after adjustment for potential confounding
factors, it was found that high UPFs consumption in-
creased the risk of overall cardiovascular diseases (HR:
1.23, 95% CI: 1.04 to 1.45), coronary heart diseases risk
(HR: 1.18, 95% CI: 0.93 to 1.52), cerebrovascular diseases
risk (HR: 1.23, 95% CI: 1.00 to 1.53), and hypertension
(HR: 1.21, 95% CI: 1.06 to 1.37). Results from sensitivity
analyses did not substantially change.

Respiratory diseases
One cross-sectional study investigated the association
between UPFs consumption and risk of asthma and
wheezing among the Brazilian adolescents [41]. It found
a positive association between UPFs consumption and

risk of asthma (OR: 1.27, 95% CI: 1.15 to 1.41) and
wheezing (OR: 1.42, 95% CI: 1.35 to 1.50). In addition,
the direct association was stronger among male adoles-
cents, those who did not consume fruits and vegetables
regularly, non-smokers, with parents who did not smoke,
and those living in non-capital cities.

Gastrointestinal diseases
One cohort study investigated the association between
UPFs consumption and risk of functional gastrointestinal
disorders [38]. In a sample of French adults, it was found
that high UPFs consumption increased the risk of irrit-
able bowel syndrome (IBS) (OR: 1.25, 95% CI: 1.12 to
1.39) and concomitant functional dyspepsia (OR: 1.25,
95% CI: 1.05 to 1.47). No associations were observed be-
tween UPFs consumption and functional dyspepsia alone
without concomitant IBS, indicating the indispensable
role of IBS in the positive association.

Mental health diseases
Two cohort studies investigated the association between
UPFs consumption and risk of depression [36, 37]. Both
reported a positive association even after extensive ad-
justment. The fourth quartile had a significantly in-
creased risk compared to the lowest quartile. Similar
results were observed after sensitivity analyses, confirm-
ing the robustness of the association.

Metabolic syndrome
Two cross-sectional studies investigated the association
between UPFs consumption and risk of metabolic syn-
drome [30, 31]. Both reported a significant positive asso-
ciation, suggesting the growing evidence of associations
between UPFs consumption and several diet-related
NCDs. In addition, Steele et al. observed that the associ-
ation was stronger among young adults and decreased
with age.

Overweight and obesity
Four cross-sectional studies [16, 32–34] and one pro-
spective cohort study [35] investigated the association
between UPFs consumption and risk of overweight
(BMI ≥ 25 kg/m2) and obesity (BMI ≥ 30 kg/m2). Three
studies reported a positive association for overweight
[32, 33, 35] and four studies for obesity [16, 32–34]. Fur-
thermore, Juul et al. found a positive association between
high UPFs consumption and abdominal obesity (OR:
1.62, 95% CI: 1.39 to 1.89). Stronger effects were ob-
served among women, partly due to sex-related differ-
ences in food choices [32, 33]. The evidence strongly
supported the role of increased UPFs consumption in
the obesity epidemic worldwide.
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Cancers
One cohort study investigated the association between
UPFs consumption and risk of cancers [39]. After a rela-
tively short median follow-up of 5 years, this volunteer-
based study suggested a positive association between
UPFs consumption and overall cancer risk (HR: 1.23,
95% CI: 1.08 to 1.40) and postmenopausal breast cancer
risk (HR: 1.38, 95% CI: 1.05 to 1.81). No significant asso-
ciation was observed for prostate, colorectal, overall
breast and premenopausal breast cancers. However, a
direct association about overall breast cancer risk was
obtained when UPFs consumption was regarded as a
continuous variable.

Pregnancy outcome
One cross-sectional study investigated the association
between UPFs consumption and risk of several preg-
nancy outcomes [40]. This study was conducted among
adult women with singleton pregnancies. It detected a
positive association between UPFs consumption and
pregnant obesity (OR: 3.06, 95% CI: 1.27 to 3.37), but no
significant association was observed in gestational dia-
betes mellitus (OR: 0.82, 95% CI: 0.49 to 1.36) and over-
weight (OR: 1.17, 95% CI: 0.75 to 1.82).

Geriatric diseases
One cohort study investigated the association between
UPFs consumption and risk of incident frailty in the old
adults [42]. With a relatively short median follow-up of
3.5 years, this study suggested a positive association be-
tween UPFs consumption and frailty risk (OR: 3.67, 95%
CI: 2.00 to 6.73). Similar results were observed in sensi-
tivity analyses.

Discussion
To the best of our knowledge, this is the first systematic
review of available epidemiological evidence on the asso-
ciation between UPFs consumption and health out-
comes. We identified 12 cohort and 8 cross-sectional
studies, and found that there was a positive association
between UPFs consumption and risk of all-cause mortal-
ity, overall cardiovascular diseases, coronary heart dis-
eases, cerebrovascular diseases, hypertension, metabolic
syndrome, overweight and obesity, depression, irritable
bowel syndrome, overall cancer, postmenopausal breast
cancer, gestational obesity, adolescent asthma and
wheezing, and frailty. It showed no obvious association
with cardiovascular disease mortality, prostate and colo-
rectal cancer, gestational diabetes mellitus and gesta-
tional overweight.
Among the included studies, different methods were

applied to estimate intake of UPFs. In some studies por-
tion sizes were estimated using validated photographs.
They calculated energy and weight relative to total food

intake according to specific food composition databases.
Some studies calculated daily intake by multiplying the
portion size by the frequency of consumption, which
had been proved validated. A majority of included stud-
ies evaluated intake as the percentage to total energy
while the others selected weight proportion. The appli-
cation of energy proportion contributed to reduction of
variation due to body size, metabolic efficiency, and
physical activity [33]. Weight proportion was taken into
account for UPFs that did not provide any energy intake
such as artificially sweetened drinks, and factors related
to food processing [38]. Although methods vary, UPFs
intake was all modeled as quantiles (e.g., tertiles, quar-
tiles and quintiles). We selected effect estimates adjusted
by the most factors for the highest versus the lowest
consumption levels, which made them comparable. In
light of the increasing concern of UPFs, further research
is needed to set standard methods for UPFs intake
estimation.
Despite different ways to estimate intake of UPFs, all

the studies conducted food classification using the
NOVA system, except one [33]. Louzada et al. divided
foods into three groups according to the degree of pro-
cessing, which was also consistent with the NOVA sys-
tem. NOVA, a food classification system which classifies
foods into four groups according to the nature, extent
and purpose of industrial processing, has now been ap-
plied globally [49]. Groups are as follows: (i) Unpro-
cessed or minimally processed foods; (ii) Processed
culinary ingredients; (iii) Processed foods; (iv) Ultra-
processed foods. Instead of focusing on nutrient com-
position of the diet, it takes into consideration all phys-
ical, chemical and biological methods used during the
food productive process [50]. The NOVA system has
been used to describe population dietary patterns, assess
changes in the dietary share of UPFs, and analyze the as-
sociation of the dietary share with nutrient profile and
with health outcomes [50]. It will contribute to the pre-
vention of NCDs and the improvement of public health
worldwide [51]. Nevertheless, when using the NOVA
system to make dietary recommendations, it should be
considered that some foods are difficult to classify [2].
Further research is needed to promote the application of
this food classification system.
Considering the synergistic health-related effects of

foods, it is of great importance to study dietary patterns
instead of single foods or nutrients. UPFs consumption
is increasing dominantly across the globe, especially in
Western countries. It is consistent with the increased
burden of NCDs attributable to unhealthy diets. The role
of some specific UPFs has been assessed, such as proc-
essed meats and sweetened beverages, showing positive
associations with NCDs [52, 53]. In line with our find-
ings, previous studies reported an inverse association
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between higher diet quality and risk of all-cause, cardio-
vascular disease, and cancer mortality [54–56]. Adher-
ence to healthier diet patterns, which are characterized
by a high consumption of unprocessed or minimally
processed foods, was promoted to prevent NCDs. De-
crease of cardiovascular disease burden with a healthier
food system was observed in two modelling studies [57,
58]. A review of systematic reviews found that grain
products and tea were protective, while processed meats
and soft drinks tended to increase the risk [59]. Existing
meta-analyses demonstrated that an optimal intake of
several food groups could decrease the risk of coronary
heart disease, stroke and heart failure [60]. Overall, UPFs
consumption should be limited in prevention of NCDs.
The mechanism is multi-faceted. First, UPFs consump-

tion is usually accompanied with high intake of fats, cal-
ories, sugars and salt, and low intake of micronutrients
and fibre. The poor quality of dietary nutrients leads to
the development of NCDs [61]. Processing, especially
heat treatments, food additives and food packaging, can
generate carcinogenicity and genotoxicity [25]. UPFs
consumption increases added sugar intake, which is as-
sociated with obesity and several other health outcomes
[19, 21, 62, 63]. Moreover, higher intake of UPFs induces
changes in gut microbiota, serum C-reactive protein
levels and lipoprotein profiles [64–67]. Displacement of
unprocessed or minimally processed foods might play a
potential role in decreased diet quality [37]. However, it
still remains unclear what plays a leading role in the as-
sociation. A better understanding of what really matters
and how various aspects contribute to the effects is
highly needed.
Our study has strengths. To our knowledge, this is the

most comprehensive systematic review of the topic to
date. We carried out extensive literature research. The
occurrence of selection bias was reduced greatly due to
the prospective design of all the cohort studies. Large
number of participants might compensate for the inad-
equate number of studies of each health outcome. All
the eligible studies made adequate adjustments of the
potential confounding factors. In general, we provide
strong implications for dietary policies and guidelines.
Several limitations should also be acknowledged. First,

most cohort studies recruited university graduates or
volunteers as study objects, who tended to be more
health-conscious and had a lower UPFs consumption
than the general population. This probably resulted in
an underestimation of the association of interest. Sec-
ond, as occurrence of some health outcomes took a long
time, such as carcinogenic processes, the median follow-
up was relatively inadequate. Besides, complete detection
of outcomes could not be guaranteed. Third, epidemio-
logical studies could not exclude reverse causality and
residual confoundings. For cross-sectional studies,

probability existed that participants changed their diet-
ary habits after the occurrence of diseases. It tended to
cause an underestimation of the results. Fourth, some
misclassification in the NOVA system could not be ruled
out. Ways applied for dietary assessment were not spe-
cifically designed for NOVA classification and UPFs con-
sumption yet. However, substantial differences between
the highest and the lowest group might reduce the bias
to a great extent. It is also worth mentioning that no
quantitative meta-analysis was conducted, which we
hoped to be overcome with further research. Given eth-
ical issues of conducting randomized controlled trials of
risk factors, more well-designed epidemiological studies
are needed to confirm these findings.
There are significant public health implications in our

study. To date, prevention and control of NCDs are be-
coming a growing concern. UPFs are beginning to be
recognized as an emerging health risk. The positive asso-
ciation between UPFs consumption and adverse health
outcomes provides insights into dietary policies and
guidelines. Encouraging a decrease in UPFs consumption
and an increase in the proportion of unprocessed or
minimally processed foods are a direct way to resolve
the issue. Food taxation and surveillance on food mar-
keting still play a vital role. Dietary guidelines, in accord-
ance with the shift of the global food system and health,
are a necessity to slow the prevalence of NCDs.

Conclusion
This study indicated a positive association between UPFs
consumption and risk of several health outcomes. Our
results encouraged a decrease in UPFs consumption and
an increase in the proportion of unprocessed or minim-
ally processed foods, such as fruits and vegetables. Con-
sidering diet-related risk factors, we provided insights
into NCDs occurrence and prevention. Large-scale pro-
spective designed studies are needed to confirm our
findings and to better understand the relative effects of
various aspects in UPFs.
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