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ABSTRACT

OBJECTIVE: To systematically review the evidence for the association between food 
consumption according to processing and cardiometabolic factors in adults and/or the elderly.

METHOD: Two independent evaluators analyzed the electronic databases PubMed, Web of 
Science and Lilacs until December 2018. We used the following terms: (convenience foods OR food 
processing OR highly-processed OR industrialized foods OR minimally-processed OR prepared foods 
OR processed foods OR ultra-processed OR ultraprocessed OR ultra processed OR unprocessed) 
AND (metabolic syndrome OR hypertension OR blood pressure OR diabetes mellitus OR glucose 
OR glycaemia OR insulin OR cholesterol OR triglycerides OR blood lipids OR overweight OR obesity) 
AND (adult OR adults OR adulthood OR aged OR elderly OR old). We assessed methodological 
and evidence qualities, and also extracted information for the qualitative synthesis from the 
selected studies.

RESULTS: Of the 6,423 studies identified after removing duplicates, eleven met the eligibility 
criteria. The main food classification we used was Nova. The consumption of ultra-processed 
foods was positively associated with overweight and obesity, high blood pressure and metabolic 
syndrome. All articles included met more than 50% of the methodological quality criteria. The 
quality of evidence was considered moderate for the outcome overweight and obesity and weak 
for hypertension and metabolic syndrome.

CONCLUSIONS: The Nova food classification stands out in the area of nutritional epidemiology 
when assessing the effects of food processing on health outcomes. Although caution is required 
in the interpretation, the results indicated that the consumption of ultra-processed foods can 
have an unfavorable impact in the health of individuals.

DESCRIPTORS: Adult. Aged. Metabolic Syndrome. Cardiovascular Diseases. Food Consumption. 
Industrialized Foods. Risk factors. Nutritional Epidemiology. Systematic Review.

Correspondence: 
Denise Petrucci Gigante 
Rua Marechal Deodoro, 1160 
96020-220 Pelotas, RS, Brasil  
E-mail: denise@ufpel.edu.br

Received: Apr 30, 2019

Approved: Out 24, 2019

How to cite: Santos FS, Dias 
MS, Mintem GC, Oliveira IO, 
Gigante DP. Food processing 
and cardiometabolic risk factors: 
a systematic review. Rev Saude 
Publica. 2020;54:70.

Copyright: This is an open-access 
article distributed under the 
terms of the Creative Commons 
Attribution License, which permits 
unrestricted use, distribution, and 
reproduction in any medium, 
provided that the original author 
and source are credited.

http://www.rsp.fsp.usp.br/

https://orcid.org/0000-0002-6077-269X
https://orcid.org/0000-0003-4995-4748
https://orcid.org/0000-0002-9321-2330
https://orcid.org/0000-0002-0068-0806
https://orcid.org/0000-0001-7309-5838


2

Food processing and metabolic risk factors Santos FS et al.

https://doi.org/10.11606/s1518-8787.2020054001704

INTRODUCTION

Cardiovascular diseases (CVD) comprise the main cause of mortality in the world and 
approximately three quarters of deaths occur in low and middle income countries1,2. 
Risk factors for CVD include behavioral factors, such as unhealthy eating, smoking, 
physical inactivity and alcohol abuse1,3. As a consequence of behavioral risk, the most 
frequent cardiometabolic factors are high blood pressure (hypertension), dyslipidemia, 
hyperglycemia, overweight and obesity1,3.

Adequate and healthy feeding for a given population involves biological, environmental, 
social, demographic and economic aspects4–6. There are changes in eating habits 
worldwide, characterized by the dominance of products from the food industry6–8 which 
are not part of the traditional food classification systems9. These traditional classifications 
are restricted to the biological properties of food, i.e., they group food according to the 
nutrients present in it9.

The monitoring of food consumption contributes to the diagnosis of the food and nutritional 
situation of populations and provides subsidies for the planning and organization of health 
services and formulation of policies and actions in the field of public health10. There are 
food classifications based on processing8,11,12, but there is no synthesis of evidence on the 
association of food consumption assessed from these classifications with the risk factors 
for CVD, which are a group of diseases of extreme worldwide relevance1,3. Thus, we intended 
to help elucidate the importance of such classifications in the context of nutritional 
epidemiology and public health and, in this study, we aimed at conducting a systematic 
review to assess the association between food consumption according to processing and 
cardiometabolic factors in adults and/or the elderly.

METHOD

The report of this systematic review followed the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyzes Protocol (Prisma)13. The study protocol was submitted to the 
International Prospective Register of Systematic Reviews (Prospero), being approved under 
number CRD42019119765.

Search Strategy

We examined the electronic databases PubMed, Web of Science and Lilacs until December 
2018. The aim was to conduct a systematic investigation of original studies that assessed 
the association between food consumption according to its processing and cardiometabolic 
factors.

To define the search terms, in addition to the Health Sciences Descriptors (DeCS) and 
Medical Subject Headings (MeSH), we carried out an exploratory investigation aimed at 
identifying keywords consistently referred to in articles in the area. Therefore, we used 
the following terms: (convenience foods OR food processing OR highly-processed OR 
industrialized foods OR minimally-processed OR prepared foods OR processed foods OR 
ultra-processed OR ultraprocessed OR ultra processed OR unprocessed) AND (metabolic 
syndrome OR hypertension OR blood pressure OR diabetes mellitus OR glucose OR 
glycaemia OR insulin OR cholesterol OR triglycerides OR blood lipids OR overweight OR 
obesity) AND (adult OR adults OR adulthood OR aged OR elderly OR old). Table 1 exemplifies 
the search strategy in the electronic databases. As additional research, we considered the 
bibliographic references of the selected articles.

Eligibility Criteria

The eligible studies should present the following characteristics: I) be an original article; 
II) be conducted in humans; III) address the assessment of the association between 
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food consumption according to processing (exposure) and cardiometabolic risk factors 
(outcome); IV) present as target population adults and/or the elderly; and V) be published 
in Portuguese, English or Spanish. The operationalization of the exposure allowed the 
inclusion of articles that used such a food classification system that considered industrial 
processing to define groups of foodstuffs. We excluded articles that indirectly assessed 
consumption, used data on availability, acquisition or commercialization of food, in 
addition to those whose target population comprised pregnant women or individuals 
with some special health condition.

Study Selection

Two independent evaluators selected the articles to be included. Faced with cases of 
disagreement, a third reviewer conducted the trial. Initially, the publications were imported 
into the EndNote® version X7 program, in which duplicates were checked, followed by 
reading of the titles and abstracts. The studies selected in the previous stages according to 
the eligibility criteria were read in full.

Methodological Quality Assessment

We assessed the methodological quality of the selected articles according to the 
Strengthening the Reporting of Observational Studies in Epidemiology (Strobe)14 
initiative, which comprises a checklist for observational studies. The maximum score 
to be obtained is 22 points, distributed as follows: title and/or summary (one item), 
introduction (two items), methodological aspects (nine items), results (five items), 
discussion (four items) and other information (one item – on financing)14. Each of the 
22 items received a score of 0 or 1 considering whether it “does not meet” or “meets” 
each criterion, respectively. Based on the sum of the checklist’s score we established 
three categories for quality assessment: A, for studies that met more than 80% of the 
criteria; B, for studies that achieved 50 to 80% of the criteria were considered; and C, 
for those that met less than 50% of the criteria15.

Evidence Quality Assessment

We conducted the quality of evidence for the relationship between consumption of ultra-
processed foods (UPF) and each outcome by using the Grading of Recommendations 
Assessment, Development and Evaluation (Grade) system16,17. Thus, the classification of the 
studies was carried out as follows: A) high evidence; B) moderate evidence; C) low evidence; 
and D) very low evidence16,17. Observational studies start with low quality of evidence (C) and, 
among the factors that increase the level of classification, are included the magnitude of the 
effect, dose-response gradient and plausible confounders that may reduce the demonstrated 
effect or increase an unobserved effect. Among the aspects that may decrease the level of 
evidence are methodological quality (risk of bias), inconsistency of results, indirect evidence, 
imprecision and publication bias16,17.

Table 1. Search strategy in electronic databases.

Identification 
number

Keywords

#1
convenience foods OR food processing OR highly-processed OR industrialized foods OR 

minimally-processed OR prepared foods OR processed foods OR ultra-processed OR 
ultraprocessed OR ultra processed OR unprocessed

#2
metabolic syndrome OR hypertension OR blood pressure OR diabetes mellitus OR 

glucose OR glycaemia OR insulin OR cholesterol OR triglycerides OR blood lipids OR 
overweight OR obesity

#3 adult OR adults OR adulthood OR aged OR elderly OR old

#1 AND #2 AND #3 

Note: Before each set of keywords in Lilacs, “(tw:)” and in the Web of Science, “(TS=)” were included. There was 
a restriction for languages (English, Portuguese and Spanish) in each database.
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Data analysis

In order to carry out the narrative synthesis of the characteristics as the main results and 
descriptive approach we extracted the following information from each selected article: 
name of the main author, year of publication and research data collection, country of study, 
design, sample size and characteristics, method used to measure exposure, adjustment 
variables in the analysis and main results.

RESULTS

The search strategy identified a total of 7,216 publications in the electronic databases 
PubMed, Web of Science and Lilacs. Out of this total, we excluded 793 as they were duplicates, 
resulting in 6,423 references. After analyzing the titles and abstracts, reading them in full 
and applying the eligibility criteria, we selected 11 studies. There was no inclusion of articles 
through the additional search in the reference list of selected articles. We show the complete 
flowchart of the selection process in Figure.

Characteristics and Methodological Quality of Included Articles

We described the characteristics and methodological quality of the publications included 
in this review in Table 2. Most studies (six)18–23 were conducted in high-income countries, 
while five publications24–28 were held in developing countries contributed, three of which 
carried out in Brazil24,25,27. As for the design, more than 80% were cross-sectional. The two 
cohort studies identified were conducted with the same population, which consisted of 
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Studies included in 
the qualitative synthesis

(n = 11)

Reason for exclusion:

• Food patterns defined a posteriori (9) and 
   a priori (4) not related to processing.
• Exposure assessment based on data regarding 
   food availability, purchase or sale (4).
• Failure to assess the outcomes of interest (15).
• Review article, comment or event summary (3).
• Assessment of overweight/obesity as 
   exposure and food consumption according 
   to processing as an outcome (3).
• Pregnant women were the target 
   population (2).

Excluded in the summary analysis
(n = 96)

Excluded in the title analysis
(n = 6,276)

Duplicates removed
(n = 793)

Figure. Flowchart of the selection process for the articles included in the systematic review.
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participants in Proyecto Seguimiento Universidad de Navarra (SUN) [University of Navarra 
Follow-up Project] in Spain21,22.

All articles included in this review are recent, published in the last five years (between 
2015 and 2018), and data collection had taken place between 2005 and 2015. Five studies 
(46%) had a sample size greater than 10,000 participants19,21,23,25,28 and the smallest sample 
identified evaluated 302 individuals26.

According to the Strobe criteria, it is possible to consider that the methodological quality of 
the analyzed articles was satisfactory, with an overall average of 17.5 points (minimum score: 
1324; maximum score: 2127) and none were classified with quality C. Six studies18,19,21,23,26,27 

were considered of quality A and five20,22,24,25,28 of quality B (Table 2).

The cardiometabolic risk factors identif ied were overweight or obesity (eight 
articles18,19,22–25,27,28) and arterial hypertension (one article21). We included two studies20,26 that 

Table 2. Characteristics and methodological quality of the studies included in the systematic review.

Author
Year of publication

Country
Design

Sample size
Age range

Year of research
Strobe score (%)

Study quality 
(Strobe)

Overweight or obesity

Adams et al.18

2015
United 

Kingdom
Cross-sectional

n = 2.174a

≥ 18 years
2008–2012

18.0 (81.8) A

Louzada et al.25

2015
Brazil Cross-sectional

n = 30.243
≥ 10 yearsb (20 to 39, 40 to 59 and ≥ 60)

2008–2009
16.0 (72.7) B

Zhou et al.28

2015
China Cross-sectionalc

n = 14.976
≥ 02 yearsb (19 to 59 and ≥ 60)

2011
15.0 (68.2) B

Mendonça et al.22

2016d Spain Cohort
n = 8.451

Mean of age = 37.7 years
Median of 8,9 years of follow-up

17.0 (77.3) B

Da Silveira et al.24

2017d Brazil
Cross-sectional 

(convenience sample)

n = 503 (vegetarians)
≥ 16 years

2015
13.0 (59.1) B

Juul et al.19

2018
United 
States

Cross-sectional
n = 15.977

20 to 64 years
2005–2006 and 2013–2014

19.0 (86.4) A

Nardocci et al.23

2018e
Canada Cross-sectional

n = 19.363
≥ 18 years
2004–2005

18.0 (81.8) A

Silva et al.27

2018
Brazil Cross-sectionalc

n = 8.977
35 to 64 years

2008–2010
21.0 (95.5) A

Arterial hypertension

Mendonça et al.21

2017d Spain Cohort

n = 14.790 
Mean of age = 32,9 to 40,0 years

Mean of 9.1 (SD = 3,9) years of follow-
up

20.0 (90.9) A

Metabolic syndrome and components

Nasreddine et al.26

2018
Lebanon Cross-sectional

n = 302 
Age ≥ 18 years

2014
20.0 (90.9) A

Lavigne-Robichaud et al.20

2018
Canada Cross-sectional

n = 811 (indigenous)
≥ 18 years
2005–2009

16.0 (72.7) B

SD = standard deviation; Strobe: Strengthening the Reporting of Observational Studies in Epidemiology
a 183 missings for BMI.
b Results stratified by age.
c Cross-sectional analysis in a cohort study.
d Self-report of weight and height.
e Self-report of weight and height for approximately 37% of the sample.
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Table 3. Summary of studies that assessed the association between processing-based food classification systems and cardiometabolic risk 
factors (n = 11).

Study Exposure Adjustment Variables Main results

Overweight or obesity

Adams et al.18

2015

Food diary (3 to 
4 days)

Nova classification:
NPF, PCI, UPF and 

NPF + PCI (% of TEI)

Gender, occupational social class, 
age and percentage of energy derived 

from alcoholic beverages.

TEI: 28% NPF, 13% PCI and 53% UPF. 
Higher consumption of PCI:

BMI (kg / m²) (β = -0.09; 95%CI -0.016 – -0.03)
BMI ≥ 25.0 kg / m² (OR = 0.97; 95%CI 0.96 – 0.99)
BMI ≥ 30.0 kg / m² (OR = 0.98; 95%CI 0.97 – 0.99)

Higher consumption of PCI + AMP:
BMI ≥ 25.0 kg/m² (OR = 0.99; 95%CI 0.98 – 0.99

No significant association was found between the consumption of 
NPF and UPF with the evaluated incomes.

Louzada et al.25

2015

Food record (2 non-
consecutive days)

Nova Classification:
PFN, PF and UPF (% 

of TEI)

Gender, age, skin color, geographic 
region, urbanity, education, family 

income per capita, smoking, physical 
activity, consumption of fruits, 

vegetables and beans and interaction 
between gender and income.

TEI: 68.6% NPF and 29.6% UPF (the entire sample aged ≥ 10 years).
20 to 39 years: there was no significant association between UPF 

consumption and the evaluated outcomes.
1st UPF consumption quintile (reference)

BMI (kg/m²)
40 to 59 years: 2nd (β = 0.58; 95%CI 0.09 – 1.07); 3rd (β = 0.51; 
95%CI 0.02 – 1.00); 4th (β = 0.70; 95%CI 0.10 – 1.31) and 5th  

(β = 1.12; 95%CI 0.25 – 2.00)
≥ 60 years: 2nd and 3rd quintiles with no difference between 
groups; 4th (β = 1.49; 95%CI 0.24 – 2.74) and 5th (β = 1.66; 

95%CI 0.12 – 3.2)
BMI ≥ 30,0 kg/m²

≥ 60 years: 2nd (OR = 1.65; 95%CI 1.14 – 2.38); 3rd (OR = 1.74; 
95%CI 1.14 – 2.67); 4th (OR = 2.07; 95%CI 1.24 – 3.45) and 5th 

(OR = 2.62; 95%CI 1.22 – 5.64).
No association with overweight and obesity for 20 to 39 and 

40 to 59 years.

Zhou et al.28

2015

24h recall 
(3 consecutive days)

PF = packaged, 
frozen, canned, 

bagged and/or packed 
food (kcal)

Model 1: energy intake of other 
foods, gender, education, per capita 
household income, physical activity 

and sedentary hours
Model 2 (instrumental variables): 
distance from the grocery store 

and nearest market and urbanity + 
model 1.

TEI: PF 28% and 29% for participants aged 19 to 59 years and 
60 years or more, respectively.

19 to 59 years: BMI (kg/m²) (β = 0.34; SE = 0.10) and BMI ≥ 
25.0 kg/m² (OR = 1.17; SE = 0.06)

≥ 60 years: BMI (kg/m²) (β = 0.46; SE = 0.17) and BMI ≥ 25.0 kg / m² 
(OR = 1.13; SE = 0.10).

Model 2: for adults and the elderly, there was no significant 
association.

Mendonça et al.22

2016

FFQ (last 12 months)
New Classification:
UPF (portions/day)

Gender, physical activity, hours 
watching television, napping, 

smoking, “pinching” between meals, 
following a special diet on the 

baseline, BMI on the baseline and 
consumption of fruits and vegetables.

1st UPF consumption quartile (reference)
BMI ≥ 25.0 kg/m²

2nd (HR = 1.15; 95%CI 1.01 – 1.32)
3rd (HR = 1.24; 95%CI 1.09 – 1.43)
4th (HR = 1.26; 95%CI 1.10 – 1.45)

Da Silveira et al.24

2017

FFQ (weekly 
consumption)

New Classification 
(UPF) and sugary 

drinks

Time of vegetarianism.

UPF consumption at least 3x/day: 10.1%.
UPF consumption ≥ 3x/day:

BMI ≥ 25.0 kg/m² (16 to 59 years) or ≥ 27.0 kg/m² (≥ 60 years)
(OR = 2.33; 95%CI 1.36 – 4.03)

Juul et al.19

2018

24h recall (one day 
data)

New Classification:
UPF (% of TEI)

Model 1: age, gender, education, race 
/ ethnicity, family poverty rate, marital 
status, smoking and physical activity. 

Model 2: EIT (mediator or 
confounding factor).

TEI: UPF 56.1%
5th UPF consumption quintile versus 1st quintile (reference):

BMI (kg/m²) (β = 1.61; 95%CI 1.11 – 2.10)
BMI ≥ 25.0 kg/m² (OR = 1.48; 95%CI 1.25 – 1.76)
BMI ≥ 30.0 kg/m² (OR = 1.53; 95%CI 1.29 – 1.81)

WC (cm) (β = 4.07; 95%CI 2.94 – 5.19)
WC ≥ 88 or 102 cm for M and W, respectively (OR = 1.62; 

95%CI 1.39 – 1.89)
P-value of linear trend <0.0001 for all associations.

Adjustment for energy intake did not significantly modify the 
associations (data not shown in the article).

Interaction between gender and the relative contribution of UPF 
to BMI, WC and overweight.

Nardocci et al.23

2018

24h recall (day before 
the interview)

New Classification:
UPF (% of TEI)

Model 1: gender, age, education and 
income per household.

Model 2: model 1 + physical activity 
and smoking.

Model 3: model 2 + immigrant status.
Model 4: model 3 + area of residence.
Model 5: model 4 + measured weight 

and height versus self-reported.

TEI: UPF 45%
10 p.p. increase in UPF consumption:

BMI ≥ 25.0 to 29.9 kg / m² (OR = 1.03; 95%CI 1.02 – 1.09).
BMI ≥ 30.0 kg / m² (OR = 1.05; 95%CI 1.02 – 1.08)

1st UPF consumption quartile (reference):
BMI ≥ 30.0 kg / m²

4th (OR = 1.32; 95%CI 1.05 – 1.57)

continue...
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evaluated metabolic syndrome and its components because this condition is characterized 
by the simultaneous presence of outcomes of interest in this review29. Table 3 shows, 
in chronological order, according to the date of publication of each article and for all 
dependent variables, the following characteristics of the units of analysis: definition of 
exposure, adjustment variables in the analysis and synthesis of the main results.

We identified four different methods for assessing exposure in this work, the most frequent 
being the food frequency questionnaire (FFQ)21,22,24,26,27 and the 24-hour recall19,20,23,28, used 
in five and four publications, respectively. Research was also identified that evaluated 
exposure through the food diary18 and food record25. The Nova classification was present 
in nine studies to define food according to processing18–25,27. Another article was based 
on Nova to determine the food groups, then carrying out an exploratory factor analysis, 
which identified two dietary patterns: “minimally processed/processed food pattern” and 

Table 3. Summary of studies that assessed the association between processing-based food classification systems and cardiometabolic risk factors (n = 11). 
Continuation

Silva et al.27

2018

FFQ (last 12 months)
New Classification:

UPF (% of TEI)

Model 1: gender, age, skin color, 
family income per capita.

Model 2: model 1 + physical activity, 
smoking, SAH and DM.

Model 3: model 2 + energy intake of 
the NPF and PCI group in Nova.

Model 4: model 3 + EIT.

TEI: 22.7% UPF
1st UPF consumption quartile (reference):

4th (β = 0.64; 95%CI 0.33 – 0.95) – BMI (kg / m²)
4th (β = 0.95; 95%CI 0.17 – 1.74) – WC (cm)

1st UPF and BMI consumption quartile <25.0 kg / m² (reference):
4th (OR = 1.31; 95%CI 1.13 – 1.51) – BMI 25.0 to 29.9 kg / m²

4th (OR = 1.41; 95%CI 1.18 – 1.69) – BMI ≥ 30.0 kg / m²
1st quartile of UPF and WC consumption <94 cm (H) and 

<80 cm (M) (reference):
4th (OR = 1.41; 95%CI 1.20 – 1.66) – WC ≥ 88 or 102 cm for H 
and M, respectively. There was no association for category with 

WC ≥ 94 and <102 cm (H) and ≥ 80 and <88 cm (M).

arterial hypertension

Mendonça et al.21

2017

FFQ (last 12 months)
Nova Classification:
UPF (portions/day)

Model 1: gender, physical activity, 
hours watching television, BMI at 

baseline, smoking, use of analgesics, 
following a special diet at baseline, 

family history of hypertension, alcohol 
consumption, hypercholesterolemia.
Model 2: model 1 + EIT, olive oil and 

fruit and vegetable intake.

3rd tertile of UPF consumption versus 1st (reference):
SAH (HR = 1.21; 95%CI 1.06 – 1.37)

When excluding from the TEI model (possible mediator) (HR = 
1.21; 95%CI 1.07 – 1.37).

Metabolic syndrome and components

Nasreddine et al.26

2018

FFQ (last 12 months)
Based on the Nova 

rating:
two identified food 

patterns (ultra-
processed and 

minimally processed/
processed)

Model 1: gender, age, marital status, 
area of residence, education, monthly 

income, smoking, physical activity 
and EIT.

Model 2: model 1 + BMI.

TEI: NPF 27.10%; PCI 12.25%; PF 23.83% and UPF 36.53%. 
Medium / high adhesion to the minimally processed / processed 

pattern was protection for:
hyperglycemia (OR = 0.25; 95%CI 0.07 – 0.98)

low HDL cholesterol (OR = 0.17; 95%CI 0.05 – 0.60)
metabolic syndrome30 (OR = 0.18; 95%CI 0.04 – 0.77)

When adding BMI to the model, only the association with 
hyperglycemia was attenuated and was not statistically 

significant.
Ultra-processed pattern was not associated with metabolic 

syndrome and any of its components.

Lavigne-Robichaud 
et al.20

2018

24-hour recall
NOVA Classification 

(UPF), AHEI-2010 and 
FQS

For Nova, the higher 
the consumption, 

the lower the quality 
of the diet. For 
AHEI-2010 and 

FQ, the higher the 
consumption, the 

better the quality of 
the diet.

Age, gender, area of residence, total 
daily energy intake, smoking and 

consumption of alcoholic beverages.

TEI: mean UPF of 51.9% (SD = 22.9).
5th UPF consumption quintile versus 1st quintile (reference):

low HDL cholesterol (OR = 2.05; 95%CI 1.25 – 3.38)
metabolic syndrome30 (OR = 1.90; 95%CI 1.14 – 3.17)

UPF consumption was not associated with other components of 
the metabolic syndrome.

AHEI-2010: Alternative Healthy Eating Index 2010; NPF: non-processed food (in natura) or minimally processed; PF: processed food; UPF: ultra-
processed food; WC: waist circumference; DM: diabetes mellitus; SD: standard deviation; SE: standard error; FQS: Food Quality Score; M: man; SAH: 
Systemic Arterial Hypertension; HR: Cox regression hazard ratio; 95%CI: 95% confidence interval; PCI: Processed culinary ingredients; TEI: total 
energy intake; BMI: Body mass index; W: women; FFQ: food frequency questionnaire; p.p.: percentual points; OR: odds ratio of logistic regression; β: 
coefficient of linear regression.
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“ultra-processed food pattern”26. Finally, one publication defined packaged, frozen, canned, 
bagged and/or packed foods as processed28. We highlight that the association between UPF 
consumption and the identified health outcomes were assessed by all surveys that used the 
Nova classification, representing ten of the eleven reviewed surveys.

Although there was some homogeneity in food classification according to the extent and 
purpose of processing, the operationalization of the exposure was different among the 
articles analyzed. The main form of assessment was the percentage of total energy intake 
of the interest groups in each study, which was analyzed on a continuous basis18,23,28 and/or 
categorized into quartiles or quintiles19,20,23,25,27. There were articles that considered the 
number of daily servings21,22, the consumption greater than or equal to three times a day24 
or based on Nova system to identify eating patterns26 a posteriori.

Regarding the possible confounders of the association of interest, only one article did not 
adjust for socioeconomic and demographic factors, as well as for any behavioral variables 
of cardiovascular risk, such as physical activity, smoking and/or alcohol consumption24. 
Another five studies20,22,25,26,28, although they controlled for socioeconomic, demographic and 
behavioral confounders, provided estimates only after adjustment for possible mediators, 
such as energy intake and consumption of other food groups.

Overweight or Obesity

Eight publications investigated food consumption according to processing and overweight 
or obesity18,19,22–25,27,28. Most studies included more than one way of defining the outcome, 
but the adiposity measures considered only anthropometric indicators, evaluating the body 

Table 4. Quality of evidence of the association between consumption of ultra-processed foods and 
cardiometabolic risk factors in adults and the elderly

Outcome Positive association
No

association
Quality of evidence 

(Grade)a

Overweight or obesity
Positive association

⨁⨁⨁◯

Mean of BMI (kg/m²)
Louzada et al.25 (2015)b

Silva et al.27 (2018)
Juul et al.19 (2018)

Adams et al.18 (2015)
Louzada et al.25 (2015)c

BMI 25.0 to 29.9 kg/m² 
(overweight)

Nardocci et al.23 (2018)
Silva et al.27 (2018)

-

BMI ≥ 25.0 kg/m² (excessive 
weight)

Mendonça et al.22 (2016)
Da Silveira et al.24 (2017)e

Juul et al.19 (2018)

Adams et al.18 (2015)
Louzada et al.25 (2015)

BMI ≥ 30.0 kg/m² (obesity)

Louzada et al.25 (2015)d

Juul et al.19 (2018)
Nardocci et al.23 (2018)

Silva et al.27 (2018)

Adams et al.18 (2015)

Mean of WC ≥ 88 cm (W) and 
102 cm (M)

Juul et al.19 (2018)
Silva et al.27 (2018)

-

Arterial hypertension
Positive association

⨁⨁◯◯

Mendonça et al.21 (2017) -

Metabolic syndrome
Positive association

⨁⨁◯◯

Lavigne-Robichaud et al.20 
(2018)

Nasreddine et al.26 
(2018)

WC: waist circumference; Grade: Grading of Recommendations Assessment, Development and Evaluation; M: 
men BMI: body mass index; W: women.
a ⨁⨁⨁◯ = moderate quality of evidence (B); ⨁⨁◯◯ = low quality of evidence (C).
b Age range from 40 to 59 and ≥ 60 years.
c Age range from 20 to 39 years.
d Age range from ≥ 60 years.
e BMI ≥ 27.0 kg/m² (≥ 60 years).
Note: Zhou et al. (2015)29 was not included in this assessment because exposure was processed foods. No study 
showed a negative association with the outcomes of interest.
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mass index (BMI) as a continuous variable18,19,25,27,28 or categorized: BMI = 25.0 to 29.9 kg / m² 
considered overweight23,27, BMI ≥ 30.0 kg / m² considered obesity18,19,23,25,27 or BMI ≥ 25,0 kg/m² 
considered overweight (includes overweight and obesity) 18,19,22,24,25,28. A survey considered 
BMI ≥ 27.0 kg/m² as being overweight only for participants aged 60 or over24 and two articles 
would also assess abdominal obesity by measuring waist circumference (WC), defined as 
greater than or equal to 88 cm for women and 102 cm for men19,27.

Seven studies found a positive association among the consumption of UPF with, 
at least, one of the different methodologies for the operationalization of BMI19,22–25,27,28 and 
abdominal obesity19,27. In addition, four articles reported a dose-response gradient for this 
association19,22,23,27, i.e., the higher the consumption category of UPF, the higher the BMI 
averages19,27 and WC19,27 and the higher the risk of overweight27, obesity19,23,27, overweight19,22 
or abdominal obesity19,27. Only one study did not observe a statistically significant 
relationship between UPF consumption and adiposity measures18. However, the higher 
consumption of processed culinary ingredients (PCI) or the combination of them with 
minimally processed foods (MPF) provided protection for the evaluated outcome18. Finally, 
the consumption of UPF was associated with a high BMI only among participants in the 
age groups from 40 to 59 years and above or equal to 60 years in a representative sample 
of the Brazilian population25.

Arterial hypertension

Only one article evaluated arterial hypertension as the main outcome, and it was observed 
that the higher consumption of UPF (3rd tertile of consumption compared to 1st tertile) 
increased its incidence (hazard ratio [HR] = 1.21; 95%CI 1.06 –1.37) 21 (Table 3).

Metabolic Syndrome and Components

Two studies evaluated the association between the exposure of interest in this review 
and metabolic syndrome20,26. Table 3 presents an article in which the target population 
included Canadian Indians that presented positive association between UPF consumption 
and the outcome (odds ratio [OR] = 1.90; 95%CI 1.14–3.17 )20. However, another study 
with Lebanese adults did not find a significant relationship between the “ultra-processed 
foods pattern” and the metabolic syndrome (OR = 1.11; 95%CI 0.26–4.65)27. The highest 
consumption of the “minimally processed/processed pattern” was a protective factor (OR = 
0.18; 95%CI 0.04–0.77)26 for this outcome. In analyzes that considered the presence of each 
component of the metabolic syndrome, it was found that the consumption of UPF increases 
the risk of low HDL cholesterol20, while consumption of the “minimally processed/processed 
foods pattern” reduces the chance for low HDL cholesterol and hyperglycemia26.

In addition to the heterogeneity of the target population and the definition of exposure, 
there was also a difference in sample size and methods for collecting consumption data, 
which were obtained through the 24-hour recall20 and the FFQ26, respectively. The same 
reference was used in both studies to define metabolic syndrome29.

Quality of Evidence

Table 4 shows the analysis of the quality of evidence according to the Grade16,17 system. All 
included studies were observational and started from a low level of evidence (C). As this is a 
systematic review article, the evidence is indirect, and the possibility of publication bias is 
not ruled out; large effect magnitudes have not been identified; considerable methodological 
limitations were not verified in the reviewed articles, which, for the most part, were 
adjusted for plausible confounding factors; and the sample sizes allowed precision of the 
results. For the positive association between UPF consumption and overweight or obesity, 
a dose-response gradient with consistent results was reported in four studies; thus, the 
classification was raised to a moderate level of evidence (B). For the relationship between 
UPF consumption and the outcomes of hypertension and metabolic syndrome, the level of 
evidence remained low (C).
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DISCUSSION

This systematic review identified and summarized the results of 11 studies that assessed 
the association between food consumption according to processing and cardiometabolic 
factors in adults and/or the elderly. Three outcomes were verified: overweight or obesity, 
arterial hypertension and metabolic syndrome. According to the reviewed articles, the 
level of evidence was considered moderate for the first outcome and low for the other 
evaluated morbidities.

This is our first systematic knowledge review in which we proposed to assess food 
consumption according to cardiometabolic processing and outcomes, considering the food 
classifications defined initially. It is important to highlight that this review did not restrict 
the search for a food classification. However, especially regarding the UPF group, Nova was 
used in ten out of the eleven studies included, possibly due to its international recognition 
and validity in the field of public health and nutritional epidemiology8,9,30,31. Nova considers 
nutritional and non-nutritional attributes of foods that can influence eating behavior, 
nutritional quality of food and health outcomes19. We emphasize that Brazil was a pioneer 
in using Nova to support national guidelines for food and nutrition4.

The unfavorable nutritional profile related to the consumption of UPF, which has an 
impact on the nutritional quality of food32, possibly stimulates the execution of research 
that evaluates the repercussion of this consumption on negative health outcomes. Thus, 
the inference of biological plausibility is feasible, considering that the high intake of UPF 
characterizes a diet with higher concentrations of sodium, sugar, total and saturated fats, 
with reduced fiber and protein content, highly energetic18,33–37, presenting high glycemic 
index38 that promotes inflammatory processes resulting from changes in the composition 
and metabolism of the intestinal microbiota, favoring metabolic disorders39. Two other 
articles found protective effect on the consumption of minimally processed and processed 
foods by people who are overweight18, and those presenting metabolic syndrome and some 
of its components (hyperglycemia and low HDL cholesterol)26.

The available evidence for overweight or obesity was much more abundant in relation to 
the other dependent variables as identified in eight studies19,22–25,27,28. The only research that 
did not report positive association between UPF consumption and the referred outcome 
analyzed together two groups from Nova (processed and ultra-processed foods)18, which 
may have contributed to such result. After the period stipulated for inclusion of articles in 
this review, the results of a randomized clinical trial with a crossover methodology were 
released, which verified an increase in body weight and energy intake of the participants 
during the two weeks they maintained the diet with consumption of UPF40. Thus, the 
positive association reported by this review with moderate level of evidence corroborates 
the results of a recent clinical trial40, a type of design that can raise the level of evidence16,17. 
It is worth mentioning that an association in the same direction was found in two41,42 of 
three cross-sectional articles34,41,42 which were excluded from this review because they 
analyzed anthropometric measures of adiposity as exposure to the consumption of UPF. 
Previous studies of narrative review on UPF consumption and obesity43 and systematic 
review on UPF consumption and body adiposity during childhood and adolescence44 
reinforce the results that foods belonging to this group can contribute to increase 
body adiposity.

For arterial hypertension and metabolic syndrome, one21 and two20,26 articles respectively, 
were identified. The three surveys pointed out that the consumption of UPF increased the 
risk for the evaluated outcomes20,21,26. The level of evidence was low, given that there are not 
enough studies to guarantee confidence in the results. In one of the articles26 presenting 
metabolic syndrome as outcome, the exposure was “ultra-processed foods pattern” and, 
although Nova was used to define the food groups, exploratory factor analysis added foods 
that do not belong to the UPF in this pattern, which led to the conclusion that the effect 
may have been diluted, with a confidence interval that included the unit26.
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Due to the heterogeneity in the operationalization of the exposure and outcome variables, 
it was impossible to perform a quantitative synthesis (meta-analysis). This fact introduces 
a limitation in summarizing these results. As a limitation of this review, we highlight that 
all articles included presented observational design. We also highlight that experimental 
studies are justified in the face of considerable observational evidence45, and the scarcity 
of this type of design can be explained by the recent publication dates of the observational 
studies we identified. In addition, the logistical difficulties of the time between exposure 
and the incidence of outcomes, added to the ethical reasons that contribute to limit the 
amount of experimental references that assess the impact of food on health in humans45 
need to be considered. The greater difficulty in publishing studies with negative results or 
without association and the language restriction in the selection of articles17 could lead to 
publication bias, since the search was carried out in indexed electronic databases. However, 
there is no knowledge of negative results among Brazilian researchers who develop their 
work in this area of knowledge.

The studies included are mostly cross-sectional, which does not allow attributing causality 
to the results found, and the limitations inherent to nutritional epidemiology still need to be 
considered, given the complexity of human nutrition and the difficulty of knowing exactly 
the real food consumption of individuals45. In order to ensure greater consistency of results, 
only surveys that assessed food consumption at the individual level were eligible. Finally, 
we emphasize that the main limitation reported in the studies included in this review 
was related to the collection of exposure data, as the instruments were not designed to 
obtain consumption information according to the extent and purpose of food processing. 
Considering that this is a non-differential classification error, it is possible that the results 
of the studies have underestimated the magnitudes of association.

As for the five studies20,22,25,26,28 that presented only controlled estimates for possible mediators 
and considering the approaches used, this adjustment may lead to an underestimation 
in the association measure or introduce collision bias in the presence of confounders 
between the measurer and the outcome46. The association between UPF consumption 
and cardiometabolic factors should not differ between populations in the biological sense. 
However, it should be noted that socioeconomic and behavioral variables are important 
confounding factors. Regarding to the extrapolation of results, there was information 
from middle and upper income countries for the outcomes of overweight or obesity, from 
studies with different epidemiological designs, which showed consistency in the different 
populations evaluated. Such facts allow greater confidence in the generalization of the results 
for countries with diverse socioeconomic and behavioral characteristics, in addition to 
reducing the possibility that this association is due to chance or residual confusion. For the 
other outcomes (hypertension and metabolic syndrome), generalization should be prudent. 
In addition, we highlight that our proposal was to review articles whose target population 
consisted of adults and/or the elderly. Among the articles that included both age groups, 
only two25,28 reported the number of participants in each group. Thus, we believe that most 
of the data comes from adult individuals, suggesting that the conclusions would be more 
appropriate for this age group.

In order to raise the level of evidence and guarantee the temporality and consistency of the 
results in different confounding scenarios, we recommend the conduction of other studies 
that, while maintaining the satisfactory methodological quality identified in the articles 
included in this review, would present longitudinal designs. We also suggest other research 
designs investigating the consequences of exposure to other Nova food groups.

This review allow us to conclude that the Nova food classification stands out in the area 
of nutritional epidemiology, which has evaluated the role of food processing and health 
outcomes, with UPF being more widely studied in relation to other food groups that 
integrate the classification. The results presented in this review allow us to suppose that 
the consumption of UPF can have an unfavorable impact on the health of individuals, 
especially contributing to increase the BMI. Considering the knowledge that diet entails 
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a cardiovascular risk factor that can be modified and that the outcomes assessed in 
the reviewed studies comprised cardiometabolic factors1, in addition to the already 
described impact described of UPF on cardiovascular disease mortality in the United 
Kingdom47 and Brazil48, this study may contribute to strengthening scientific evidence 
that underlies public policies related to the area of food and nutrition and the coping with 
cardiovascular diseases. In order to reduce the population’s consumption of UPF, Brazil 
has shown important advances4, but there are still several challenges to be achieved 
nationally and internationally49.
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