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ARTICLE HIGHLIGHTS

• A new eating pattern based on ultra-processed foods (UPFs) consumption has emerged as a risk factor for
weight gain and various chronic diseases, including type 2 diabetes.

• Cross-sectional studies report a positive association between UPF consumption and metabolic syndrome (MetS).
• We report a positive longitudinal association between UPF consumption and MetS over 8 years of follow-up.
• These findings help inform health policy for diabetes and cardiovascular disease prevention and management.
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OBJECTIVE

To investigate the association between ultra-processed food (UPF) consumption
and the incidence of metabolic syndrome (MetS).

RESEARCH DESIGN AND METHODS

From 2008 to 2010, we enrolled 15,105 adults, aged 35–74 years, who were employ-
ees from six public education and research institutions to assemble the Brazilian Longi-
tudinal Study of Adult Health (ELSA-Brasil).We used a food frequency questionnaire to
assess UPF consumption (measured in grams per day) at baseline. We then assessed
the outcomes of those returning to visits between 2012 and 2014 and between 2017
and 2019.We defined incident MetS by the presence of at least three of the following
five abnormalities: high fasting glucose level, high triglyceride level, low HDL choles-
terol level, high blood pressure, and abdominal obesity, after excluding those meeting
such criteria at baseline.We also excluded those who hadmissing data or an implausi-
ble energy intake, leaving 8,065 participants in the study.

RESULTS

The median age was 49 years, 59% of participants were women, and the median
consumption of UPFs was 366 g/day. After 8 years, there were 2,508 new cases
of MetS. In robust Poisson regression, adjusting for sociodemographics, behav-
ioral factors, and energy intake, we found a 7% (relative risk [RR] 1.07; 95% CI
1.05–1.08) higher risk of incident MetS for an increase of 150 g/day in UPF con-
sumption. Similarly, those in the fourth quartile (compared with the first quartile)
had a 33% increased risk (RR 1.33; 95% CI 1.20–1.47). Further adjustment for BMI
attenuated these associations (for 150 g/day increases in UPF consumption and
for the fourth quartile compared to the first one, respectively, RR = 1.04, 95% CI
1.02–1.06; RR = 1.19, 95% CI 1.07–1.32).

CONCLUSIONS

Greater consumption of UPFs is associated with an increased risk of MetS. These
findings have important implications for diabetes and cardiovascular disease pre-
vention and management.

Metabolic syndrome (MetS) is the simultaneous presence of several risk factors of
metabolic and cardiovascular origin that share underlying causal processes (1,2). In-
sulin resistance, obesity, atherogenic dyslipidemia, hypertension, and hyperglycemia
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are critical components of the syndrome,
with its severity increasing with the num-
ber of components (3). MetS is an ad-
vanced stage along the development
path of cardiometabolic diseases, leading
to a fivefold increase in the risk of type 2
diabetes and a twofold increase in cardio-
vascular disease (CVD) risk. The preva-
lence of MetS has increased worldwide
in recent decades, most probably related
to increases in obesity and sedentary oc-
cupations and lifestyles (3).

Among factors related to the increase
in obesity and chronic diseases over the
past few decades, the new eating pat-
tern based on the consumption of ultra-
processed foods (UPFs) stands out. UPFs
are ready-to-eat, low-cost, and highly
palatable products derived from multiple
industrial processes and additives (4),
which increasingly dominate the world’s
food supplies (5). Various cross-sectional
studies found positive associations be-
tween UPF consumption and MetS (6–8).
Prospective studies from our cohort
(9–11) and others (12,13) have found
that UPF consumption predicts the de-
velopment of four conditions related to
the MetS: hypertension, dyslipidemia, di-
abetes, and larger waist circumference.
However, to our knowledge, no longitu-
dinal study has evaluated the role of
UPFs in the risk of MetS, which is de-
fined by lower cutoffs of most of these
conditions, thus representing an earlier
stage in the natural history of the corre-
sponding diseases. Therefore, we aimed
to assess the association of UPFs and
beverages consumption with the incidence
of MetS and its components in adults
participating in the Brazilian Longitudi-
nal Study of Adult Health (ELSA-Brasil)
study, taking into account multiple po-
tential confounders.

RESEARCH DESIGN AND METHODS

Study Design and Participants
The Brazilian Longitudinal Study of Adult
Health (ELSA-Brasil; in Portuguese, Estudo
Longitudinal de Sa�ude do Adulto) is a
multicenter, prospective, occupational
cohort of 15,105 adults with which re-
searchers are addressing risk factors
for developing and progressing chronic
conditions, particularly CVDs and diabe-
tes (14). Participants are active or re-
tired, nonpregnant civil servants aged
35–74 years from public higher edu-
cation and research institutions in six

Brazilian capital cities (Salvador, Belo
Horizonte, Rio de Janeiro, S~ao Paulo,
Vit�oria, and Porto Alegre). Recruitment
took place between August 2008 and
December 2010 in study center facili-
ties. We invited participants to return
for two follow-up visits between 2012
and 2014 and between 2017 and 2019.

This study was conducted according
to the guidelines laid down in the Dec-
laration of Helsinki, and all procedures
involving research study participants were
approved by the ethics committee of all
the institutions involved (Fundaç~ao Os-
waldo Cruz, Universidade Federal da
Bahia, Universidade Federal do Esp�ırito
Santo, Universidade Federal de Minas
Gerais, Universidade Federal do Rio Grande
do Sul, and Universidade de S~ao Paulo).
Written informed consent was obtained
from all participants.

Baseline Measurements
With standardized questionnaires, we in-
terviewed participants to ascertain char-
acteristics such as age, sex, self-reported
race or color, educational achievement,
family income, medical history, smoking
(current and previous), alcohol consump-
tion, and physical activity, using the Inter-
national Physical Activity Questionnaire
section on leisure time activity and trans-
port. We also obtained anthropometric
measures such as weight, height, and
waist circumference, following interna-
tionally standardized protocols, and we
calculated BMI as weight (in kilograms)
divided by height (in meters squared).
In addition, we measured blood pressure
three times with an interval of 1 min
after 5 min of rest, using an automatic
oscillometric sphygmomanometer. Intra-
class correlation coefficients for blood
pressure and waist circumference were
88% and 98%, respectively (15).

We obtained an overnight fasting
blood sample soon after each partici-
pant’s arrival at the clinic, and we fol-
lowed standardized protocols and regular
quality control assessments. We mea-
sured plasma glucose using the hexoki-
nase method (enzymatic) and HDL
cholesterol and triglyceride levels using
specific enzymatic methods, with intra-
class correlation coefficients $97% (16).

Dietary Assessment
We evaluated food and beverage con-
sumption at baseline via a previously

validated semiquantitative food frequency
questionnaire (FFQ) with 114 food items
(17). For each item, we obtained the fre-
quency of consumption in the past year
(with eight response options, ranging
from never/almost never to more than
three times per day) and the number of
portions consumed, using standardized
portion sizes. Next, we calculated the
amount of each food item in grams per
day, multiplying the number of portions
by the grams per portion and the fre-
quency of consumption. We used the
University of Minnesota Nutrition Data
System for Research software to esti-
mate foods’ nutritional composition and
energy. For each food item, we imputed
the respective 99th percentile of con-
sumption (in grams) for all participants
above this percentile.

Following the NOVA classification, we
summed food items into three groups
(Supplementary Table 1), according to
the extent and purpose of their indus-
trial processing: 1) non- or minimally
processed foods and culinary ingredients;
2) processed foods; and 3) UPFs (18). We
aggregated the first two categories into
one group because the FFQ generally did
not separate minimally processed foods
and culinary ingredients.

Outcomes
We defined MetS by the presence of
at least three of the five following
components: high fasting glucose level
($100 mg/dL or use of hypoglycemic
medication), high triglyceride levels
($150 mg/dL or use of fibrates and/or
nicotinic acid), low HDL cholesterol level
(<40 mg/dL for men and <50 mg/dL for
women, or use of fibrates and/or nico-
tinic acid), high blood pressure (systolic
blood pressure $130 mmHg and/or dia-
stolic blood pressure $85 mmHg or con-
firmed use of antihypertensive medication),
and abdominal obesity (waist circumfer-
ence $94 cm for men and $80 cm for
women) (3).

After excluding those with MetS at
baseline, we ascertained new cases in
the second follow-up visit. When this
information was unavailable (for 1,029
participants), we used data from the
first follow-up visit.

Statistical Analysis
We describe participant characteristics
and outcomes with absolute and relative
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frequencies for categorical variables and
with median and 25th–75th percentiles
for continuous variables. We expressed
UPF consumption at baseline in two
forms: first, as an absolute increase of
150 g/day (a range of approximately
10% of the UPF consumption); second,
categorized in quartiles of grams con-
sumed per day. We express UPF con-
sumption in grams per day rather than
in energy consumed per day mainly
because artificially sweetened bever-
ages have no energy content.
We analyzed UPF intake associations

with the incidence of MetS, using Poisson
regression with robust variance. Progres-
sively adjusted models included age (in
years); sex (male or female); self-reported
race/color (White, Brown, Black, Asian, or
Indigenous); research center (S~ao Paulo,
Rio de Janeiro, Minas Gerais, Esp�ırito
Santo, Rio Grande do Sul, or Bahia); school
achievement (less than elementary, ele-
mentary, secondary, or college/university);
and per capita family income (in Brazilian
reais) in model 2; plus smoking (never,
former, or current), physical activity (in
MET minutes per week), and alcohol (in
grams per week) in model 3; plus energy
intake (in kcal/day) in model 4; plus BMI
at baseline in model 5. In additional mod-
els, we evaluated the effect of additional
dietary factors and weight gain. In model
6a, we added saturated fat, fiber, and
sugar intake (in g/day) to model 5. In
model 6b, we added minimally processed
foods and culinary ingredients consump-
tion (in g/day) to model 5. And in model
6c, we added weight gain since baseline
(in kg) to model 5. Cox regression was un-
suitable for our data analysis because the
proportional hazards assumption was not
met.
We used Poisson regression with robust

variance with restricted cubic splines to
assess the associations between the con-
sumption of UPFs, expressed continu-
ously, and incident outcomes. Using
multiple linear regression with restricted
cubic splines, we explored UPF associa-
tions with the individual MetS compo-
nents (i.e., waist circumference; plasma
glucose, triglycerides, and HDL choles-
terol levels; systolic and diastolic blood
pressures), expressed as differences be-
tween baseline and last visit measure-
ments (19). For these latter analyses, we
excluded those using medications for the
treatment of each specific component.
We assessed multicollinearity between

exposure variables using the variance in-
flation factor. Additionally, we tested the
interaction of UPF consumption with age
(continuous), sex (male or female), and
BMI (<30 kg/m2 or $30 kg/m2), and
the incidence of MetS. We estimated
population attributable fraction directly
from the Poisson regression analysis.

Finally, we performed the following
sensitivity analyses: 1) excluding partici-
pants who underwent bariatric surgery;
2) expressing UPF as a proportion of
the diet’s weight (i.e., relative to total
grams daily); 3) removing natural drinks
(e.g., natural juice and coffee or tea)
with sweetener from the non- or mini-
mally processed foods and culinary in-
gredients and including them in the UPF
group; 4) including patients with inci-
dent MetS who died between visits
and, therefore, were not present for
one or more of the follow-up visits in
our analytic sample; 5) defining glucose
abnormality not only as impaired fasting
glucose but as impaired glucose toler-
ance ($140 at 2 h) for the definition of
the outcome; 6) performing multiple im-
putation on the missing data using the
fully conditional specification method; and
7) adding the family history of diabetes as
a covariate to the model. We conducted
all analyses with the statistical software
package SAS Studio (SAS OnDemand for
Academics) and estimated the popula-
tion attributable fraction with STATA,
version 12.

RESULTS

Among the 15,105 participants enrolled,
we excluded those with prevalent MetS
at baseline (n = 5,975), who died (n =
248), who did not attend the second visit
(n = 313), who had missing data on varia-
bles of interest (n = 402), or an implausi-
ble daily energy intake (<600 kcal/day or
>6,000 kcal/day; n = 102). The final ana-
lytic sample consisted of 8,065 partici-
pants (Supplementary Figure 1).

As described in Table 1, the median age
and BMI were 49.0 years and 24.8 kg/m2,
respectively. Most participants were
women (58.7%), with a college or uni-
versity degree (58.8%), and who never
smoked (62.0%). Median UPF consump-
tion was 366 g/day. Those in the highest
quartile (>552 g/day) of UPF consump-
tion, compared with those in the lowest
quartile (<234 g/day), had higher total
energy intake and higher weight gain

since baseline but lower age and lower
levels of physical activity. Those in the
highest quartile were also more frequently
White and were less often women.

After 7.9 ± 1.3 years (±SD) of follow-
up, 2,508 participants (31.1%) had de-
veloped MetS. Table 2 (left column)
shows the association between UPF intake
and MetS when expressed for a difference
of 150 g/day in UPF consumption in pro-
gressively adjusted models. When adjust-
ing for sociodemographic and behavioral
characteristics (model 3), the estimated
increment in the risk of MetS for every
150 g/day increase in UPF consumption
was 5% (relative risk [RR] 1.05; 95% CI
1.03–1.06). When adding total energy in-
take (model 4), the RR increased slightly
(RR 1.07; 95% CI 1.05–1.08). The addition
of BMI (model 5) diminished the associa-
tion, although it remained statistically sig-
nificant (RR 1.04; 95% CI 1.02–1.06). The
additional inclusion of dietary factors and
weight gain did not further alter the as-
sociation (models 6a–c).

We observed a similar pattern of as-
sociation when expressing UPF consump-
tion in quartiles (Table 2, right columns).
Considering model 4, the risk of MetS
among the third and fourth (versus first)
quartile consumers was 19% (RR 1.19;
95% CI 1.08–1.32) and 33% (RR 1.33;
95% CI 1.20–1.47) higher, respectively.
After adding BMI (model 5), these in-
creases in RR were 14% (RR 1.14; 95% CI
1.04–1.25) and 19% (RR 1.19; 95% CI
1.07–1.32), respectively. Including dietary
factors and weight gain in further mod-
els minimally changed the associations
(models 6a–c). The estimated population
attributable fraction for the consumption
of UPF above the first quartile was 11.4%
(95% CI 5.5–17.0) and 6.6% (95% CI
0.5–12.3), considering models 4 and 5,
respectively.

As presented through estimates from
restricted cubic spline regression (Fig. 1),
the association between UPF consump-
tion and the development of MetS in-
creased steadily across the entire range
of UPF values (P < 0.001) in a linear
fashion (P for nonlinearity = 0.18). This
graded increase in risk was slightly stron-
ger when obesity was not included in
the adjustment (model 4; left).

Examining individual MetS compo-
nents (Fig. 2), associations (model 4)
were also linear (P for nonlinearity > 0.11),
except for waist circumference (P for
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nonlinearity = 0.01). For waist circumfer-
ence, we observed a steady increase (P =
0.003), producing a difference in waist
of 0.7 cm at consumption of UPF of ap-
proximately 700 g/day (near the 75th
percentile) in relation to the reference
consumption of 234 g/day. For triglycer-
ides (P = 0.26), we noted a steady in-
crease that was 2 mg/dL greater at a
consumption level of 700 g/day; simi-
larly, for HDL cholesterol (P = 0.13),
we noted a decrease of 0.6 mg/dL, al-
though associations were not statistically
significant. For systolic pressure (P = 0.002)

and diastolic pressure (P = 0.003), we
observed increases of 0.6 mmHg. The
association of UPFs with plasma glucose
levels did not indicate an increased risk
(P = 0.62). Supplementary Figure 2 pre-
sents the same plots but adjusted addi-
tionally for BMI (model 5), showing
similar results.

We found no interaction by age (P =
0.42) or sex (P = 0.23), but we found an
interaction present with levels of obesity
(P = 0.03): for an increase of 150 g/day
of UPFs, the risk of MetS was 6% higher
(RR 1.06; 95% CI 1.04–1.08) among

participants without obesity but only
3% higher (RR 1.03; 95% CI 1.00–1.06)
among participants with obesity.

To evaluate the robustness of the asso-
ciations found, we performed sensitivity
analyses (Supplementary Table 2) using
models 4 and 5. Results were virtually
unchanged with two exceptions. First
(see sensitivity analysis c in Supplementary
Table 2), when we moved natural juice
and coffee or tea with sweetener into the
UPF group, the associations increased in
quartile analyses. Second (see sensitivity
analysis f in Supplementary Table 2), when

Table 2—Association of UPF consumption when expressed continuously (150 g/day) and categorically (quartiles) with MetS
incidence (n = 8,065)

Models*

150 g/increment Quartile 2† Quartile 3† Quartile 4†

P for trendRR 95% CI RR 95% CI RR 95% CI RR 95% CI

1 1.05 1.03–1.07 0.95 0.86–1.05 1.11 1.01–1.21 1.23 1.12–1.34 <0.0001

2 1.05 1.03–1.06 0.98 0.88–1.08 1.15 1.04–1.26 1.24 1.13–1.36 <0.0001

3 1.05 1.0–31.06 0.98 0.89–1.08 1.15 1.04–1.26 1.24 1.13–1.36 <0.0001

4 1.07 1.05–1.08 1.00 0.91–1.11 1.19 1.08–1.32 1.33 1.20–1.47 <0.0001

5 1.04 1.02–1.06 0.98 0.89–1.08 1.14 1.04–1.25 1.19 1.07–1.32 <0.0001

6a 1.04 1.02–1.06 0.98 0.89–1.08 1.14 1.03–1.25 1.18 1.06–1.32 0.0002

6b 1.04 1.02–1.06 0.98 0.89–1.08 1.14 1.04–1.26 1.20 1.07–1.33 <0.0001

6c 1.04 1.02–1.06 0.98 0.89–1.08 1.13 1.03–1.25 1.19 1.07–1.31 <0.0001

*Models developed in Poisson regression with robust variance were 1) adjustment models, as follows: model 1: nonadjusted; model 2: model 1
plus age, sex, center, race or color, income, school achievement; model 3: model 2 plus smoking, physical activity, alcohol; model 4: model 3 plus
energy intake; and model 5: model 4 plus BMI. 2) Additional models were: model 6a: model 5 plus saturated fat, sugar, fiber; model 6b: model 5
plus minimally processed foods and culinary ingredients; and model 6c: model 5 plus weight gain since baseline. †UPF quartiles: quartile 1,
<234 g/day; quartile 2, between 234 g/day and 365 g/day; quartile 3, between 366 g/day and 552 g/day; and quartile 4, >552 g/day of UPF
consumption. Results for quartiles 2–4 use the first quartile as the reference.

Figure 1—Association of UPF consumption with the incidence of MetS, as estimated through Poisson regression with robust variance using re-
stricted cubic splines and adjusting for age, sex, center, race or color, income, school achievement, smoking, physical activity, alcohol, energy intake
(model 4; left), and additionally for BMI (model 5; right). The dashed line shows the point RR estimates along the spectrum of UPF consumption,
and the stippled area indicates the 95% confidence zone. The accompanying histogram shows the distribution of UPF consumption (percentage
of study sample; right vertical axis).
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we imputed values for covariates, associa-
tions decreased slightly.

Finally, we also evaluated the associa-
tion of UPFs with plasma glucose levels
after moving natural juice and coffee or
tea with sweetener into the UPF group.
Estimates from restricted cubic spline
plots (model 4) now showed a direction
indicative of risk, although it still was
not statistically significant (Supplementary
Figure 3).

CONCLUSIONS

Findings from this Brazilian adult cohort
study show that greater consumption of
UPFs and beverages is independently
associated with a greater risk of devel-
oping MetS during approximately 8 years
of follow-up. Greater UPF consumption
(>552 g/day) compared with less con-
sumption (<234 g/day) increased the
risk of MetS by 19%, which could repre-
sent 6.6% of incident cases of MetS
above the first quartile of its distribu-
tion being attributable to the consump-
tion of UPF. To our knowledge, this is
the first longitudinal assessment to doc-
ument the association of UPF with the
development of MetS, an early stage
for various cardiometabolic diseases,

when intervention is more likely to im-
prove the disease course.

Public health authorities in coun-
tries such as Brazil, Canada, and Uruguay
(20–22) have recommended diminishing
or avoiding UPFs and, in their place, favor
the consumption of fresh, natural, or min-
imally processed foods. Indeed, UPF con-
sumption has been related to incident
chronic diseases such as type 2 diabetes
(12,13), CVDs (23), and cancer (24), as
well as all-cause mortality (25). Addition-
ally, UPF consumption has been related
to risk factors such as obesity (9), hyper-
tension (10), and dyslipidemia (11).

Moreover, three cross-sectional stud-
ies found positive associations between
UPF intake and MetS. The Nituuchi-
schaayihititaau Aschii Environment-and-
Health Study (2005–2009) evaluated
811 adults from a Canadian indigenous
Eeyouch population. The participants had
an elevated average consumption of UPFs
(52%) and also had a heavy burden of
MetS (57%) and obesity (70%). In this con-
text, a UPF consumption greater than
72.6% of total daily energy intake, when
compared with lower than 30.2%, was
associated with 90% higher odds of having
MetS (odds ratio 1.90; 95% CI 1.14–3.17)
(7). The CAMELIA project examined 210

adolescents from Brazil and found that
the consumption of UPFs at greater than
1,245 g/day was associated with a 150%
greater prevalence of MetS (6). The Na-
tional Health and Nutrition Examination
Survey conducted in the United States
between 2009 and 2014 (8) found that
among 6,385 adults, the average UPF
consumption was 55.5% of the total
daily energy intake, with a 10% increase
in the consumption of UPF being associ-
ated with a 4% greater prevalence of
MetS (prevalence ratio 1.04; 95% CI
1.02–1.07). A consumption of UPFs greater
than 71% of the total energy intake was
associated with a 28% higher prevalence
of MetS compared with consumption be-
low 40% (prevalence ratio 1.28; 95% CI
1.09–1.50). The association was strongest
in young adults and decreased with age.
The main limitation of these three studies
is their cross-sectional design, which raises
issues of reverse causality.

Our prospective study thus strength-
ens evidence from previous work. For
every increment of 150 g of UPFs con-
sumed daily (�10% of the consumption
range), we found increases of 4% and
7% in the incidence of MetS in middle-
aged and older adults, with and without
adjustment for BMI, respectively. When

Figure 2—Association of UPF consumption with difference between visits in the components of MetS: waist circumference (A), plasma glucose
level (B), triglyceride levels (C), HDL cholesterol level (D), and systolic (E) and diastolic (F) blood pressures, as estimated through Poisson regression with ro-
bust variance using restricted cubic splines and adjusting for age, sex, center, race or color, income, school achievement, smoking, physical activity, alcohol,
and energy intake (model 4). Dashed lines are point estimates of change along the spectrum of UPF consumption, and the stippled area indicates the 95%
confidence zone. The accompanying histograms show the distribution of UPF consumption (percentage of study sample; right vertical axis).
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UPF consumption was expressed cate-
gorically, the risk of MetS increased 14%
to 19% with daily consumption of 366 g
to 552 g, and 19% to 33% with a con-
sumption >552 g, compared with con-
sumptions of <234 g, with and without
adjustment for BMI, respectively. Of note,
compared with the National Health and
Nutrition Examination Survey findings, our
sample had a lower average consumption
of UPFs in relation to the total energy in-
take (25.2% vs. 55.5%), highlighting that
increased risk is present even in popula-
tions with lower UPF consumption.
The association between UPF consump-

tion and the development of MetS in-
creased linearly across the range of UPF
values. Trends of individual MetS compo-
nents were generally consistent with these
overall results, although they were not
statistically significant. Interestingly, a slight
decrease in plasma glucose level with
greater consumption of UPFs was seen.
However, this inverse trend was not seen
in sensitivity analyses where natural juice
and coffee or tea with artificial sweeteners
were included within the UPF group. In
Brazil, artificial sweeteners are frequently
added to coffee and taken with sodas. Pre-
vious findings from this cohort suggested
that this practice may be related to glu-
cose abnormalities in individuals without
obesity (26). Thus, our results support con-
sidering these artificially sweetened drinks
as UPFs.
Some mechanisms can be hypothesized

to explain associations between UPF and
MetS. Greater energy intake from the con-
sumption of UPF products can lead to
weight gain, as previously seen in lon-
gitudinal studies (9,27,28) and a ran-
domized clinical trial (29). In addition,
nutritional aspects of UPFs such as trans
and saturated fats, sugar, sodium, and
their high glycemic index may also con-
tribute to the development of MetS (30).
However, the association remained statisti-
cally significant after additional adjust-
ments, including energy intake and BMI,
as well as additional dietary factors such
as saturated fat, sugar, fiber, and weight
gain, which suggests that UPF products
contribute to MetS in ways other than
weight gain and these nutritional factors.
The high consumption of UPF repla-

ces fresh or minimally processed foods
such as legumes, whole grains, vegeta-
bles, fruits, and oilseeds, which are foods
shown to prevent MetS and type 2 diabe-
tes (30,31). However, we also performed

additional adjustments for the minimally
processed foods group consumption, and
the association remained significant. Other
components of UPF products may explain
the associations, but evidence on potential
biological mechanisms is still limited. Emul-
sifiers and sweeteners have been impli-
cated in changes in the gut microbiota,
which can lead to inflammation and con-
sequent metabolic changes (32–35). Pack-
aging contact materials, such as bisphenol
A and phthalates, are involved in endo-
crine disruption and insulin resistance
(36,37), and some components formed
during industrial processes also seem to
lead to insulin resistance (38).

Our results show an interaction with
BMI, with the association between UPFs
and MetS being larger and statistically
significant only among participants with-
out obesity. Individuals with obesity may
be already at a stage of metabolic and in-
flammatory disturbance (39), upon which
additional effects derived from UPFs might
be minimal.

Our study has some limitations. First,
our FFQ was not explicitly designed to
evaluate the NOVA classification groups,
which may have led to an underestima-
tion of the size of the associations re-
ported. Although errors in classification
could be present, the frequency of UPF
consumption based on the ELSA-Brasil
cohort questionnaire at baseline was
similar to what was found in a nation-
ally representative survey (40). Second,
our follow-up of approximately 8 years
may be short to evaluate the contribu-
tion of UPF consumption to the devel-
opment of MetS. Third, although we
made statistical adjustments for multi-
ple potential confounders, residual con-
founding cannot be completely ruled
out. However, our findings have biologi-
cal plausibility, and results remained un-
changed after additional analyses adjusting
for lifestyle and dietary confounders and
were only slightly attenuated when we im-
puted missing values for covariates.

Some strengths should also be con-
sidered. First, ELSA-Brasil is a large, con-
temporary cohort study with minor losses
to follow-up. Second, we performed highly
standardized measurements with strict
quality control (15). Third, although pro-
spective studies have shown associa-
tions of UPFs with the individual
cardiometabolic phenotypes of the
MetS (9–13), the novelty of our findings
is showing that UPF consumption predicts

the development of MetS, a conjoint en-
tity defined by lower cutoffs than diabetes
and hypertension, and thus representing
an earlier stage of the natural history of
cardiometabolic disease. In addition, our
spline analyses permitted a detailed as-
sessment of the change in risk across the
continuum of UPF distribution. Finally,
given the complexity of the association
here investigated, our sequential modeling
permits the evaluation of the independent
effects of energy intake, BMI, and various
nutritional factors in the associations.

In conclusion, we found a positive as-
sociation between UPF consumption and
the development of MetS. These findings
add to the growing evidence for the role
of UPFs in several diet-related noncom-
municable diseases and help inform pub-
lic policy for diabetes and CVD prevention
and management.
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