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Abstract
Objective: To analyse the association between food consumption according to the
degree of processing and incidence of hypertension in CUME project participants.
Design: Longitudinal study inwhich food consumptionwas evaluated according to
the percentage contribution of daily energetic intake (%/d) of each NOVA classi-
fication group (unprocessed/minimally processed foods and culinary preparations
(U/MPF&CP); processed foods and ultra-processed foods (UPF)). Hypertension
was defined according to American College of Cardiology/American Heart
Association (ACC/AHA) criteria. Adjusted relative risks (RR) and their 95% confi-
dence intervals (95 % CI) were estimated by Poisson regressionmodels with robust
variances.
Setting: Brazil.
Participants: 1221 graduates classified as non-hypertensive at baseline and moni-
tored for 2 years.
Results: Daily energetic percentage from each group according to degree of
processing was 64·3 (SD 12) % for U/MPF&CP; 9·9 (SD 5·8) % for processed foods
and 25·8 (SD 11) % for UPF. Incidence of hypertension was high (152/1000 person-
years; n 113, 193/1000 person-years in males and n 257, 138/1000 person-years in
females). After adjusting for potential confounders, participants in the upper quin-
tile of daily energetic intake of U/MPF&CP presented a reduced risk of hyperten-
sion (RR: 0·72; 95 % CI 0·52, 0·98), while those in the upper quintile of daily
energetic intake of UPF presented an increased risk of the outcome (RR: 1·35;
95 % CI 1·01, 1·81).
Conclusions: In this prospective cohort of Brazilian middle-aged adult university
graduates, the highest consumptions of U/MPF&CP and UPFwere associated with,
respectively, reduced and increased risk of hypertension. Additional longitudinal
studies are needed to confirm our results.
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Adults

Hypertension is considered a public health problemworld-
wide, affecting about 22 % of adults aged 18 years old and
older(1). Besides its high magnitude, hypertension is the
most important risk factor for CVD, which are the leading
cause of death worldwide(2). Hypertension is estimated
to be responsible for at least 45 % of deaths related to
ischemic heart disease and 51 % related to cerebrovascular
disease(3).

In Brazil, the National Health Survey showed that the
prevalence of hypertension in 2013 was 32·5 % in the adult

population (31·7 % women and 33 % men)(4). In addition,
CVD accounted for more than 27 % of all deaths in 2017(5).

The primary guidelines for the prevention of hyperten-
sion advocate for increased consumption of diets rich in
fruits and vegetables; regular practice of physical activity;
weight loss; and reduced alcohol intake and smoking as
strategies that can contribute to the gradual decrease in
blood pressure (BP)(3,6–8).

Recent longitudinal studies have shown that the degree
of food processing is associated with chronic diseases(9–12)
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and mortality(13). However, few investigations have evalu-
ated if consumption according to the degree of food
processing increases the risk of hypertension. To our
knowledge, only one Spanish prospective cohort study
has found a positive association between the consumption
of ultra-processed foods (UPF) and the incidence of
hypertension(14).

Moreover, this study presents the particularity of evalu-
ating the association of all food processing groups pro-
posed in the NOVA classification with hypertension, as
well as estimating the outcome based on the cut-off points
recently proposed by the American College of Cardiology/
American Heart Association (ACC/AHA)(6), aspects not yet
explored in another research with the same theme.

We believe that the consumption of each NOVA classi-
fication food group has different effects in the development
of hypertension. Higher consumption of processed foods
and UPF increases the risk of this disease, while higher con-
sumption of unprocessed/minimally processed foods and
culinary preparations (U/MPF&CP) is a protective factor
against the occurrence of hypertension.

Thus, the objective of this study was to prospectively
analyse the association between food consumption accord-
ing to the degree of processing and the incidence of hyper-
tension in the Cohort of Universities of Minas Gerais
(CUME) participants, Brazil.

Methods

Type of study
The CUME project is an observational, open cohort epi-
demiological study conducted in Brazil since 2016 with
alumni from five universities in the state of Minas Gerais.
Its objective is to evaluate the impact of Brazilian
dietary patterns and nutrition transition on chronic non-
communicable diseases.

The recruitment of participants is permanent, allowing a
continuous sample size growth with each follow-up wave,
which occurs every 2 years. Thus, previously recruited par-
ticipants receive new questionnaires (Q_2, Q_4, : : : , Q_n),
while new participants receive the baseline question-
naire (Q_0).

The project design, dissemination strategies and base-
line first participants’ profile were detailed in a previous
publication(15).

Data collection
The online baseline questionnaire answered by the partici-
pants betweenMarch and August 2016 on the CUME virtual
platform consisted of two question blocks. The first
block contained questions about sociodemographic and
economic aspects, lifestyle, reportedmorbidity, medication
use, personal history of clinical and biochemical tests over
the past 2 years and anthropometric data. The second block

was a FFQ validated for the Brazilian population and com-
posed of 144 food items(16), separated into eight food
groups (dairy, meat and fish, cereals and legumes, oils
and fats, fruits and vegetables, beverages and other foods
including food preparations, sugar, honey, sweets, among
others).

The first follow-up questionnaire, answered by the par-
ticipants betweenMarch and August 2018 on the same plat-
form, consisted of sociodemographic and economic data,
lifestyle, reported morbidity, medication use, personal his-
tory of clinical and biochemical tests from the past 2 years,
anthropometric data and eating habits. Its main objective
was to evaluate changes in the participants’ lifestyle and
disease incidence.

Study population
The baseline and first follow-up wave constituted the data-
base of this study. In 2016, a total of 81 147 alumni were
invited to participate in the CUME project. Among them,
3282 filled out both question blocks in the baseline question-
naire, which represented a response rate of 4 %. In 2018,
2496 baseline participants also answered the first follow-
up questionnaire and the retention rate was 76%. Among
them, we excluded those with the following characteristics
at baseline: (1) total energy intake predefined as extreme
(low: <2 092 000 kJ/d or high: >25 104 000 kJ/d; (n 54))(17);
(2) pregnant women and women who had children in the
last year prior to the application of the questionnaires
(n 245); (3) foreigners (n 6) and Brazilian residents abroad
(n 104) and (4) prevalent hypertension – according to ACC/
AHA criteria, a systolic blood pressure (SBP) ≥ 130mmHg
and/or a diastolic blood pressure (DBP) ≥ 80mmHg
and/or antihypertensive medication use (n 866)(6), resulting
in a final sample of 1221 participants (Fig. 1).

Outcome variable: incidence of hypertension
In the baseline and follow-up questionnaires, the partici-
pants provided information on medical diagnosis of hyper-
tension, recent blood pressure values and antihypertensive
medication use.

The incidence of hypertension was defined when
disease-free participants at baseline were classified as
hypertensive during the follow-up evaluation.

In this study, the criteria used for the definition of hyper-
tension were the recent cut-off points proposed by ACC/
AHA (BP≥ 130/80 mmHg)(6). In addition, participants
who reported a medical diagnosis of the disease and those
using antihypertensive medication were also considered
hypertensive.

The self-reported SBP, DBP values and medical diagno-
sis of hypertension were validated in a specific study with a
subsample of 172 participants from the CUME project,
showing moderate to substantial agreement with values
directly measured (intraclass correlation coefficient
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(ICC) = 0·67 for SBP, ICC= 0·49 for DBP and kappa
value= 0·56 for the diagnosis of hypertension)(18).

Exposure variables: food consumption according
to degree of processing
Information on food intake was taken from the FFQ. A list
of items composing the food groups was presented at the
beginning of each page, and the participants were sup-
posed to select those they had consumed in the previous
year. After selecting a given food, the participants were
supposed to report the size of the portions consumed,
expressed in household measures commonly used in
Brazil (teaspoon, tablespoon, ladle, knife tip, pasta picker,
saucer, cup or glass) or traditional portions of food (units,
slices or pieces) and the frequency of consumption (daily,
weekly, monthly or annually). Images of the food items and
utensils were provided to help the respondents to estimate
the portions’ size.

Thus, the intake frequencies (weekly, monthly, annu-
ally) of each food were transformed into daily consump-
tion. Subsequently, daily food intake (g or ml) was
calculated by multiplying the serving size by frequency
of consumption. To calculate energetic (kJ) and nutrients

intake, the Brazilian tables of nutritional composition(19,20)

were used and, when necessary, the United States
Department of Agriculture food composition table(21).

The food items were classified into groups according to
the NOVA classification(22) based on the degree of industrial
processing: (1) U/MPF&CP; (2) processed food; (3) UPF (see
online supplementary material, Supplementary Table 1).

In this study, the group of unprocessed/minimally proc-
essed foods was clustered with the group of culinary prep-
arations because culinary preparations are not meant to be
consumed by themselves and are normally used in combi-
nation with unprocessed/minimally processed foods to
make freshly prepared drinks, dishes and meals(22).

The percentage contribution of daily energetic intake
(%/d) of each group according to the degree of food
processing was obtained by adding the energies of each
food group and dividing the result by total energy intake.
The valueswere divided into quintiles, and the lowest quin-
tile was used as a reference for data analysis.

Total energy and nutrient values calculated from the
self-reported FFQ data were validated in a specific study
with a subsample of 146 CUME project participants, show-
ing moderate agreement with the values measured directly

866 participants with prevalent hypertension
according to ACC/AHA* or in use of

antihypertensive medication

2496 participants with Q_0 and Q_2
completed  on March 2018

2392 participants

2386 participants

2141 participants

2087 participants

54 participants with extreme values of total
energy

245 pregnant or women who had children
in the last year

6 participants from other nationalities

104 Brazilians living abroad

Final sample
1221 participants

Fig. 1 Participant inclusion flow chart in the Cohort of Universities of Minas Gerais (CUME) Study, Minas Gerais, Brazil, 2016–2018
*Hypertension was defined according to American College of Cardiology/American Heart Association (ACC/AHA) criteria
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from the 24-h recalls by telephone (overall ICC= 0·44;
ICC= 0·36 for U/MPF&CP; ICC= 0·54 for processed
foods; ICC= 0·60 for UPF). In this same study, the repro-
ducibility of self-reported FFQ also was evaluated, with
the participants answer this questionnaire twice in an
interval of 1 year. There was a good agreement between
the two assessment of the dietary intake of our participants
(overall ICC= 0·76; ICC= 0·76 for U/MPF&CP; ICC= 0·82

for processed foods; ICC= 0·82 for UPF) (unpublished
results).

Covariables
The covariates were obtained from the baseline question-
naire, and they included sociodemographic characteristics
(sex, age, skin colour, marital status, family income and
number of individuals living in the same home), health

Table 1 Baseline characteristics of participants according to incidence of hypertension, Cohort of Universities of MinasGerais (CUME) study,
2019 (n 1221)

Hypertension*

No (n 851) Yes (n 370) Total (n 1221)

Characteristics n % n % n % P-value†

Age (years) 35·2 9·1 34·9 9·1 35·2 9·1 0·493
Gender <0·001
Male 179·0 21·0 113·0 30·5 292·0 23·9
Female 672·0 79·0 257·0 69·5 929·0 76·1
Skin colour 0·988
White 555·0 65·2 241·0 65·1 796·0 65·2
Black/Brown 288·0 33·9 126·0 34·1 414·0 33·9
Yellow/Indigenous 8·0 0·9 3·0 0·8 11·0 0·9
Marital status 0·695
Single 418·0 49·1 184·0 49·7 602·0 49·3
Married/stable union 382·0 44·9 167·0 45·2 549·0 45·0
Separated/divorced/widower/other 51·0 6·0 19·0 5·1 70·0 5·7
Per capita income (US$/month)§ 770·7 1100·3 789·6 612·9 776·5 978·4 0·129
Smoking status 0·484
No 690·0 81·1 300·0 81·1 990·0 81·1
Past 94·0 11·0 31·0 8·4 125·0 10·2
Current 67·0 7·9 39·0 10·5 106·0 8·7
Physical activity 0·281
Inactive 187·0 22·0 96·0 25·9 283·0 23·2
Insufficiently active 186·0 21·9 72·0 19·5 258·0 21·1
Active 478·0 56·1 202·0 54·6 680·0 55·7
Obesity 0·338
No 795·0 93·4 340·0 91·9 1·135·0 93·0
Yes 56·0 6·6 30·0 8·1 86·0 7·0
Pathological history family 0·109
No hypertension 594·0 69·8 275·0 74·3 869·0 71·2
Hypertension 257·0 30·2 95·0 25·7 352·0 28·8
Energy intake (kJ/d)‡ 9·736·168 3·907·856 9·694·328 3·455·984 9·723·616 3·773·968 0·475
Energy according processing degree
U/MPF&CP 64·6 11·8 63·6 12·3 64·3 12 0·174
Processed foods 9·9 5·9 10·0 5·6 9·9 5·8 0·661
UPF 25·5 10·9 26·5 11·2 25·8 11·0 0·146
Macronutrients (% energy)‡
Carbohydrate 47·2 9·6 47·0 9·1 47·1 9·5 0·798
Protein 18·0 5·0 17·8 4·3 18·0 4·8 0·333
Fat 33·0 7·5 33·5 7·5 33·2 7·5 0·298
Alcohol (% energy)‡ 1·8 2·7 1·7 2·3 1·8 2·6 0·718
Type 2 diabetes 0·215
No 830·0 97·5 365·0 98·6 1·195·0 97·9
Yes 21·0 2·5 5·0 1·4 26·0 2·1
Hypercholesterolaemia 0·995
No 752·0 88·4 327·0 88·4 1·079·0 88·4
Yes 99·0 11·6 43·0 11·6 142·0 11·6
Hypertriglyceridaemia 0·362
No 811·0 95·3 348·0 94·1 1·159·0 94·9
Yes 40·0 4·7 22·0 5·9 62·0 5·1

U/MPF&CP, unprocessed/minimally processed foods and culinary preparations; UPF, ultra-processed foods.
*Hypertension was defined according to American College of Cardiology/American Heart Association (ACC/AHA) criteria.
†P values according to trend χ2 test (categorical variables) or Student’s t test (continuous variables) when appropriate.
‡Data are mean and SD or absolute frequency and relative frequency in %.
§Per capita income: 1 US$ (Dollar)= 5·27 R$ (Real – official currency in Brazil) in 2 April 2020.
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history (personal and family), medication use, anthropo-
metric measurements (weight and height) and lifestyle
(smoking, alcohol consumption and physical activity).

The per capita incomewas calculated by dividing family
income by the number of individuals living in the same
home. Finally, we converted the result in the current value
of American Dollar (US$) in 2 April 2020 respect to Real
(R$ 5·27, the official currency in Brazil).

The self-declared values of weight, height and body
mass index (BMI) – BMI (weight (kg)/height (m2))(23) –
were validated in a specific study with a subsample of
172 CUME project participants. The ICC values were:
0·99 (weight), 0·99 (height) and 0·98 (BMI)(18).

BMI was categorised according to the values recom-
mended by the WHO for the definition of obesity
(BMI ≥ 30 kg/m2) in adults(23).

Physical activity was assessed using a list of twenty-four
leisure activities and was expressed in min/week(24).
Individuals who have ≥150min/week of moderate inten-
sity activity or ≥75 min/week of vigorous intensity activity
or ≥150 min/week of vigorous and moderate intensity
activity were considered active. Physical inactivity was
defined as the absence of leisure-time physical activity(25).

Statistical analysis
The characteristics of the participants were expressed as
absolute and relative frequencies for categorical variables

andmeans and standard deviations for continuous variables,
according to the diagnosis of hypertension. Statistical
differenceswere assessed using Pearson’s χ2 test (categorical
variables) or Student’s t test (continuous variables).

Poisson regression models with robust variances were
designed to assess the association between the exposure
variables and the incidence of hypertension, adjusted for
potential confounders. The first model was adjusted for
sex and age (model 1), while the second was additionally
adjusted for marital status, skin colour, per capita income,
physical activity, smoking, obesity, family history of hyper-
tension, alcohol consumption, previous medical diagnosis
of type 2 diabetes, hypercholesterolaemia and hypertrigly-
ceridaemia (model 2). A third model was fitted to analyse
the association of consumption of processed foods and
UPF with hypertension, excluding alcohol intake of the
% of energies of processed foods and UPF, and keeping
it as an adjustment (model 3).

Thus, the strength of the associations was estimated by
relative risks (RR) and their respective 95 % CI.

In addition, linear trend tests were conducted using the
median of each quintile of the percentage contribution of
energetic intake of each food group by degree of process-
ing as a continuous variable in their respective multivariate
Poisson regression models.

All data analysis was performed using Stata/SE version
13.1 statistical software (StataCorp) at a 5 % signifi-
cance level.

Table 2 Relative risk (RR) and 95% CI for incidence of hypertension by energetic contribution of food consumption according to industrial
processing degree (n 1·221). Cohort of Universities of Minas Gerais (CUME) study, 2019*,†,‡,§

Food consumption quintiles according to industrial processing degree

Q1 Q2 Q3 Q4 Q5

Characteristics RR RR 95% CI RR 95% CI RR 95% CI RR 95% CI Pfor trend

U/MPF&CP
Crude analysis 1·00 0·93 0·71, 1·21 0·99 0·76, 1·29 1·07 0·83, 1·38 0·77 0·58, 1·03 0·243
Model 1|| 1·00 0·96 0·73, 1·25 1·01 0·78, 1·32 1·08 0·84, 1·40 0·80 0·60, 1·07 0·341
Model 2¶ 1·00 0·91 0·69, 1·21 0·98 0·74, 1·29 1·06 0·81, 1·39 0·72 0·52, 0·98 0·161

Processed
Crude analysis 1·00 0·95 0·72, 1·25 1·15 0·89, 1·50 1·05 0·81, 1·39 0·99 0·75, 1·30 0·901
Model 1|| 1·00 0·94 0·71, 1·25 1·11 0·86, 1·45 1·04 0·80, 1·36 0·96 0·73, 1·27 0·905
Model 2¶ 1·00 1·02 0·76, 1·37 1·13 0·85, 1·50 1·06 0·79, 1·42 1·04 0·78, 1·41 0·756
Model 3†† 1·00 1·06 0·79, 1·43 1·10 0·82, 1·47 1·21 0·90, 1·61 1·09 0·81, 1·47 0·452

UPF
Crude analysis 1·00 1·17 0·89, 1·55 1·12 0·85, 1·50 1·10 0·82, 1·46 1·31 1·00, 1·72 0·094
Model 1|| 1·00 1·17 0·89, 1·55 1·12 0·85, 1·49 1·10 0·83, 1·48 1·31 1·00, 1·72 0·092
Model 2** 1·00 1·19 0·88, 1·60 1·16 0·86, 1·57 1·08 0·78, 1·47 1·35 1·01, 1·81 0·109
Model 3†† 1·00 1·22 0·91, 1·64 1·16 0·86, 1·56 0·99 0·72, 1·36 1·35 1·01, 1·82 0·145

U/MPF&CP, unprocessed/minimally processed foods and culinary preparations; UPF, ultra-processed foods.
*Q1, first quintile; Q2, second quintile; Q3, third quintile; Q4, fourth quintile; Q5, fifth quintile.
†Lowest quintile was used as reference.
‡Hypertension was defined according to American College of Cardiology/American Heart Association (ACC/AHA) criteria.
§Energy consumption of unprocessed/minimally processed foods (Q1: 15·9–47·1%; Q2: 47·1–54·1%; Q3: 54·2–60·7%; Q4: 60·8–68·0%; Q5: 68·1–92·3%); Energy
consumption of culinary ingredients (Q1: 0–2·5%; Q2: 2·5–4·3%; Q3: 4·3–6·5%; Q4: 6·5–9·9%; Q5: 9·9–40·1%); Energy consumption of processed foods (Q1: 0–4·8%;
Q2: 4·8–7·7%; Q3: 7·7–10·6%; Q4: 10·6–14·6%; Q5: 14·6–39·1%). Energy consumption of UPF (Q1: 0·8–16·6%; Q2: 16·6–22·3%; Q3: 22·3–27·3%; Q4: 27·3–34·6; Q5:
34·6–76·2%). Data are expressed as RR and 95 % CI.
||Adjusted by gender and age.
¶Adjusted by gender, age, marital status, skin colour, per capita income, physical activity, smoking, obesity, family history of hypertension, alcohol consumption and previous
diagnosis of type 2 diabetes, hypercholesterolemia and hypertriglyceridemia.
**Adjusted by all potential confounding factor, except alcohol consumption.
††Adjusted by all potential confounding factor, excluding alcohol consumption of the % of energies of processed food and UPF.
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Results

During the 2-year follow-up (2016–2018), 370 new cases of
hypertension (152/1000 person-years; n 113, 193/1000
person-years in males and n 257, 138/1000 person-years
in females) were identified.

Daily energetic percentage from each group according
to degree of processing was: (1) 64·3 (SD 12) % for
U/MPF&CP; (2) 9·9 (SD 5·8) % for processed foods; and
(3) 25·8 (SD 11) % for UPF (Table 1).

Participants weremore likely to be female, white, single,
physically active and carbohydrate consumers. They also
presented the following characteristics: 8·7 % of them were
current smokers, 7 % had obesity, 28·8 % had a family his-
tory of hypertension, 2·1 % had type 2 diabetes, 11·6 % had
hypercholesterolaemia and 5·1 % had hypertriglyceridae-
mia. Age, per capita income and energy intake averages
were, respectively, 35·2 years, US$ 776 and 9·723·616 kJ/d.
The macronutrients and alcohol contribution related to the
total energetic intake were: 47·1 % from carbohydrate,
18·0 % from protein, 33·2 % from lipid and 1·8 % from alco-
hol (Table 1).

Characteristics of participants according to quintiles of
energetic consumption of each food group were presented
in see online supplementary material, Supplementary
Tables 2 through 4.

In the multivariate analysis, participants in the upper
quintile of daily energetic intake of U/MPF&CP presented
a reduced risk of hypertension (RR: 0·72; 95 % CI 0·52,
0·98), regardless of sex, age, marital status, skin colour,
per capita income, physical activity, smoking, alcohol con-
sumption, obesity, family history of hypertension, previous
medical diagnosis of type 2 diabetes, hypercholesterolae-
mia and hypertriglyceridaemia. On the other hand, partici-
pants in the upper quintile of daily energetic intake of UPF
presented an increased risk of hypertension (RR: 1·35;
95 % CI 1·01, 1·81) (model 2, Table 2).

Finally, when we excluded alcohol intake of the % of
energies of UPF, the highest consumption of this food
group remained independently associated with increasing
incidence of hypertension (RR: 1·35; 95 % CI 1·01, 1·82)
(model 3, Table 2).

Discussion

In this prospective study, the highest percentage of daily
energetic intake of U/MPF&CP was independently associ-
ated with a decreased risk of developing hypertension. On
the other hand, the highest consumption of UPF was
related to an increased risk of this disease, adjusted for
potential confounders.

Our results support the consistency in the relationship
between the consumption of foods considered healthy
and the lower risk for developing hypertension, since the
highest percentage of daily energetic intake of U/MPF&CP

was independently associated with the lower incidence of
the disease. Moreover, this finding corroborates with results
from studies that evaluated the consumption of specific
groups of unprocessed/minimally processed foods and
the risk of developing hypertension(26,27), providing evi-
dence of the benefits of increased and long-term ingestion
of these foods.

The association between the consumption of U/MPF&CP
and hypertension involves different mechanisms. Foods in
this group grant a larger supply of macro andmicronutrients
that provide higher quality and lower energy density to the
diet(28).

Fruits and vegetables are sources of micronutrients,
such as K, P, Mg, Fe, folic acid, vitamin C, B-complex
vitamins, folacin and riboflavin, associated with blood
pressure reduction(27,29–31). Such foods also increase fibre
intake in the diet(32) and are rich in antioxidants and anti-
inflammatory substances which have a protective role in
chronic diseases(33–35).

It is known that polyphenols such as flavonoids (found
in some fruits, vegetables, tea, wine and cocoa) and antho-
cyanins (found in red fruits and vegetables such as açai,
grapes, apples, strawberries, cherries, acerola and red cab-
bage) are beneficial to health, although its evidence is not
conclusive(36–38).

Furthermore, vegetable consumption is often associated
with the use of olive oil. This typical culinary ingredient
is a source of MUFA. Olive oil also has antihypertensive,
anti-thrombotic, antioxidant, anti-inflammatory and anti-
carcinogen effects. Its cardioprotective effect and its
association with increased in longevity have been
reported as well(34,39).

Weight management is another factor that may help
explain the association between the highest percentage
of daily consumption of U/MPF&CP and hypertension.
After a 40-year follow-up, the Nurses’ Health Studies
showed that a diet rich in fruits, vegetables, whole grains,
nuts and white meat was related to lower weight gain(40).

Despite the fact that each food or group of similar food
has their beneficial effects, we underline the relevant role of
adopting healthy eating patterns such as the Nordic(41),
DASH(42,43), Mediterranean(14,34,44) and Vegetarian
ones(45,46). All these dietary patterns combine several
U/MPF&CP, which is paramount to decrease the risk of
developing hypertension and CVD.

Our results are also consistent with the ones of a Spanish
cohort in which an association between higher consump-
tion of UPF and hypertension was found after 9·1-year
follow-up(14). Additionally, our results reinforce findings from
systematic reviews and previousmeta-analyses(29,47–50) on the
association between unhealthy food consumption and risk
of hypertension.

Such studies show that a higher consumption of
foods not only rich in simple carbohydrates, saturated
and trans fats, and Na, as UPF(22) but also a high consump-
tion of alcohol(29,48,49), red and processed meat(47,50), and
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sugar-sweetened beverages(47–50) have been associated
with the occurrence of hypertension. Moreover, the con-
sumption of UPF is associated with low intake of protein,
fibre, vitamin and minerals(51), which may favour the
development of hypertension as well.

Sodium is one of themain ingredients added in the proc-
ess of producing ready-to-eat food such as instant noodles,
microwave popcorn, powdered soups, chips and proc-
essed meat(14,22,51), and it is well established that avoiding
excessive sodium consumption is crucial to prevent hyper-
tension and to reduce cardiovascular risk(52,53).

Regarding saturated and trans-fat, the consumption of
food rich in these nutrients, it is not advisable as they are
known for increasing cardiovascular risk. A systematic
review of studies showed that replacing saturated fat for
unsaturated fat is related to a decrease of this risk(54).
UPF consumption is also associated with the highest intake
of added sugar, total and saturated fat, lower protein, and
dietary fibre intake(55).

Furthermore, in a study conducted with Spanish
adults(12), UPF consumption was associated with weight
gain. It is well known that increased consumption of food
with high-energy density, high saturated fat, notably trans-
fat, refined grains, added sugar, as well as excessive
consumption of alcohol, sweetened beverages drinks or
industrialised fruit juice is related to weight gaining(40,56–59)

which is one of the most important risk factor to
hypertension(6,60). The association between UPF and weight
gainwas also verified in a recent randomised clinical trial(61).

Our study has important strengths. First, its prospective
design, its relatively large sample size and high level of edu-
cation of the participants that enable them to understand
better the online questionnaire, and hence providing an
increase of the internal validation of our results.

Moreover, we adopted the NOVA classification which
allows the grouping of foods according to the extent and
purpose of industrial processing(22), contrary to classifica-
tions based on similarity in nutritional composition(56,62),
whose method may favour the occurrence of U/MPF&CP
and UPF to the same group(22).

In addition, to our knowledge, it is the first epidemiologi-
cal study to evaluate the association between all degrees of
food processing proposed by NOVA classification and the
risk of hypertension. Thus, our findings both highlight the
importanceof promoting and strengthening healthy and sus-
tainable eating habits and show the risk associated with the
consumption of unhealthy foods. Therefore, they are consis-
tent not only with the Dietary Guidelines for the Brazilian
population(63), which encourages regular consumption of
U/MPF&CP and restriction of UPF, but also with the WHO
recommendations for a healthy diet(64).

Moreover, our FFQ had a good reproducibility (overall
ICC= 0·76), demonstrating that the dietary intake of our
participants was constant even after 1 year (unpublished
results). Therefore, we believe that they did not change
substantially their dietary intake over time.

Some limitations should be considered when interpret-
ing our results. The hypertension was defined according
to self-reported data, yet its diagnosis was properly
validated(18). Furthermore, food consumption was also
self-reported in a FFQ of 144 food items. Even though this
questionnaire was previously validated (unpublished
results), we cannot disregard the possibility of food
misclassification, considering the scarcity of details as it
was not designed to collect data considering this new
classification of foods.

Additionally, we need to consider that in the validation
study of FFQ used in the CUME project, ICC for
U/MPF&CP group was low (0·36), yet close to the value
considered acceptable (0·40)(65). Finally, we must assume
that our sample may not be representative of all alumni of
the universities included in this study. However, general-
isation of results in epidemiology should be based
on biological mechanisms rather than on statistical
representativeness(66).

Conclusion

In this prospective cohort of Brazilian middle-aged adult
university graduates, the highest consumption of
U/MPF&CP was associated with a reduced risk of hype-
rtension, whereas such risk was increased with the highest
consumption of UPF. We acknowledge that additional
longitudinal studies are needed to confirm our results.
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