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Background & aim: The association between ultra-processed foods (UPF) consumption and the risk of
type 2 diabetes (T2D) has not been much explored. We aimed to evaluate the association between
consumption of UPF and the incidence of T2D.
Methods: We assessed 20,060 participants (61.5% women) from the SUN project (Seguimiento Universidad de Navarra) followed-up every two years (median follow-up 12 years). Food and drink consumption were evaluated through a validated 136-item food frequency questionnaire and grouped
according to their degree of processing by the NOVA classiﬁcation. Participants were categorized into
tertiles of UPF consumption adjusted for total energy intake. We ﬁtted Cox proportional hazard models
with repeated dietary measurements at baseline and updating information on food consumption after 10
years of follow-up to minimise the potential effect of diet variation.
Results: During 215,149 person-years of follow-up, 175 new-onset T2D cases were conﬁrmed. Participants in the highest baseline tertile (high consumption) of UPF consumption had a higher risk of T2D as
compared to those in the lowest tertile (multivariable adjusted hazard ratio [HR] 1.53, 95% conﬁdence
interval [CI]: 1.06 to 2.22) with a signiﬁcant doseeresponse relationship (p for linear trend ¼ 0.024). The
multivariable adjusted HR using repeated measurements of UPF intake was 1.65 (95% CI 1.14e2.38) when
comparing extreme tertiles.
Conclusions: In a highly-educated Mediterranean cohort with a low absolute risk, a higher intake of UPF
was independently associated with a higher risk for T2D. These results provide more evidence to
encourage the limitation of UPF consumption to reduce the population burden of T2D.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Abbreviations: ADA, American Diabetes Association; BMI, Body mass index; FFQ,
Food frequency questionnaire; HR, Hazard ratio; IDF, International Diabetes
Federation; MUFAs, Monounsaturated fatty acids; PUFAs, Polyunsaturated fatty
acids; SFAs, Saturated fatty acids; SUN, Seguimiento Universidad de Navarra; T2D,
Type 2 diabetes; UPF, Ultra-processed foods.
* Corresponding author. Calle Irunlarrea, 1, 31008 Pamplona, Navarra, Spain.
E-mail address: mbes@unav.es (M. Bes-Rastrollo).

According to the last International Diabetes Federation (IDF)
report, in 2019, approximately 463 million adults between 20 to 79
years had diabetes and 374 million people were at increased risk of
developing type 2 diabetes (T2D). Furthermore, the proportion of
people with T2D is increasing in most countries [1].
Dietary nutritional imbalances can drive to several cardiometabolic diseases [2]. T2D has always been linked to poor
quality diet habits and overweight. In this context, several studies
show that the displacement of non-ultra-processed by ultra-
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information about socio-demographic, lifestyle or dietary variables,
as well as the prevalence or incidence of different diseases during
the follow-up.
Up to December 2018, 22,790 participants completed their
baseline questionnaire. To ensure a minimum follow-up of 2 years
and 9 months to allow participants to complete and return the ﬁrst
follow-up questionnaire (an additional 9 months were provided to
account for the lag time in returning the questionnaire), 323 participants who completed the baseline questionnaire after March
2016 were excluded. For the present analysis, we excluded 448
participants with total daily energy intake below or above percentiles 1 and 99, respectively. We also excluded 475 participants
because of their lack of susceptibility to developing T2D (prevalent
T2D, type 1 diabetes and other type of diabetes, pancreatectomy),
and 1484 who were lost to follow-up (retention rate 93%). Finally,
20,060 participants were included in the analyses (Fig. 1).
The study was approved by the institutional review committee
of the University of Navarra. Voluntary completion of the ﬁrst
questionnaire was considered to imply informed consent.

processed foods (UPF) is consistently associated with an overall
deterioration of the nutritional quality of diets [3]. In fact, UPF are
the main source (nearly 58%) of calories eaten in the US, and
contribute almost 90% of the energy obtained from added sugars
[4].
The NOVA Food Classiﬁcation System deﬁnes UPF as industrial
formulations made mostly or entirely from substances derived
from foods and additives, with little or any intact unprocessed food.
UPF are characterized by its low nutritional quality and high energy
density products, with higher free sugar and sodium and lower
content in ﬁber and protein compared to non-ultra-processed
foods. Manufacturing techniques of UPF include extrusion,
moulding, and preprocessing by means of frying [5]. Usually, these
products are highly palatable, ready to consume and durable. They
also tend to be low-cost products. These characteristics make UPF
very attractive products often displacing the consumption of more
nutritionally balanced foods.
Because of its nutritional proﬁle, a high intake of UPF has been
associated with several chronic diseases. In particular, our cohort
has found a detrimental association between UPF and hypertension, obesity, depression and even all-cause mortality [6e9]. Speciﬁcally, the association between UPF consumption and the risk of
T2D have not been much explored [10]. To our knowledge, no
prior longitudinal epidemiological study had been published until
recently, when Srour et al. [11] observed a higher risk of T2D
associated with a higher proportion of UPF from the diet within the
 cohort after a median follow-up of six years.
French NutriNet-Sante
 cohort only used measurements of
However, the NutriNet-Sante
UPF at baseline (with web-based 24 h dietary records repeated
during the ﬁrst 2 years) but they did not repeat the dietary
assessment during follow-up. To our knowledge, when we sent our
manuscript for the ﬁrst time, no other previous cohort had assessed
this association. For this reason, our objective was to assess the
association between UPF consumption and the risk of T2D development in a large Mediterranean cohort (SUN cohort), a different
population and setting from the previous results, and with a longer
follow-up period.

2.2. Dietary assessment
Dietary intake was assessed at baseline and again, after 10 years
of follow-up, using a self-administered 136-item semiquantitative
food frequency questionnaire (FFQ) previously validated in Spain
[13e15]. We measured frequencies of consumption in nine categories (ranging from never or almost never to more than six servings daily), and the food frequency questionnaire included a typical
portion size for each item. We multiplied the portion size by the
frequency of consumption in order to estimate daily consumption
for each food item. Adherence to a Mediterranean diet was evaluated using the score proposed by Trichopoulou et al. [16]. After
excluding participants with implausible values for total energy
intake, those participants with missing data in some items of the
FFQ were considered as no consumption of the missing items. To
minimise the potential effect of a variation in diet during follow-up,
we ﬁtted Cox proportional hazard models with repeated dietary
measurements using the updated data on food consumption after
10 years of follow-up for those participants with available data
(n ¼ 7265), for those without dietary data at 10 years of follow-up
we considered only baseline UPF consumption.
All food and beverages items included in the food frequency
questionnaires were categorized into one of the four NOVA food
groups [5]. The ﬁrst group comprises unprocessed or minimally
processed foods, which are natural foods that have been submitted
to cleaning, removal of inedible or unwanted parts, fractioning,
grinding, drying, fermentation, pasteurization, cooling, freezing, or
other processes that may subtract part of the food, but which do not
add oils, fats, sugar, salt or other substances to the original food.
Examples in this groups are vegetables and fruits, seeds without
salt or sugar added, eggs, legumes, fresh or pasteurized milk,
yoghurt without sugar, coffee or herbal infusions. The second group
refers to processed culinary ingredients that includes products
extracted from natural foods or from nature by processes such as
pressing, grinding, crushing, pulverizing, and reﬁning. Items in this
group may contain additives used to preserve the product's original
properties. Examples for this group are vegetable oils, cooking salt
or vinegar. The third group includes processed foods, which are
relatively simple products made by adding sugar, oil, salt or other
group 2 substances to group 1 foods, with the main purpose of
increasing the durability of group 1 foods, or to modify or enhance
their sensory qualities. Processes methods includes smoking,
curing, or fermentation among others. Examples include canned or
bottled vegetables, fruits and legumes, smoked meats, canned ﬁsh,
cheeses and unpackaged freshly made breads. The fourth group

2. Materials and methods
2.1. Study population
The SUN project (Seguimiento Universidad de Navarra) is a
prospective, multipurpose, and dynamic cohort started in 1999.
Details regarding the SUN Project design have been already published [12]. Brieﬂy, the major aim of this cohort is to assess lifestyle
determinants in the development of cardiovascular disease, diabetes, obesity, or depression, among other conditions. Graduate
status is necessary as previous studies with university graduate
samples have exhibited greater reliability and validity, and higher
retention rates, particularly in studies requiring self-completion of
extensive questionnaires. Participants are recruited through collaborations with alumni and professional associations throughout
the country (e.g. Universidad de Navarra Alumni Association,
regional associations of Physicians, Nurses, Pharmacists, Dentists,
and Engineers). More than 50% of participants are health professionals (17.6% doctors, 13.2% pharmacists, 3.2% biologists, 14.1%
nurses, 3.8% dietitians or nutritionists, 5.1% with other bio-sanitary
university degree). Participants are invited to participate by means
of a letter which brieﬂy explains the SUN cohort objective, what
their participation entails, and the collaboration that they will
be asked over time. Currently, it is also possible to answer the
questionnaire online through the study website. Information
is collected from participants every 2 years, through validated
questionnaires received by postal and/or e-mail, which included
2818
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Fig. 1. Flow-chart of participants.

T2D or were under insulin or oral antidiabetic drugs at baseline,
were excluded. In each of the follow-up questionnaires repeated
after every 2 years up to 18 year follow-up, participants were
repeatedly inquired about medical diagnoses of T2D. If the participant reported a medical diagnosis of T2D during any of these 9
follow-up questionnaires, an additional questionnaire was sent,
requesting further information. Participants were also asked to
send their medical reports with all the speciﬁc details relevant to
the diagnosis of T2D. Using the retrieved medical records and
questionnaires, a blinded endocrinologist to UPF consumption
classiﬁed the diagnosis as incident T2D diabetes or not, according to
American Diabetes Association (ADA) criteria [18].

comprises ultra-processed foods and drink products that are industrial formulations made entirely or mostly from substances
extracted from foods (oils, fats, sugar, starch, and proteins), derived
from food constituents (hydrogenated fats and modiﬁed starch), or
synthesized in laboratories from food substrates or other organic
sources. Group 1 foods are a small proportion of, or are even absent
from, ultra-processed products. Examples of this group include
carbonated soft drinks, sweet or savoury packaged snacks, pastries,
cakes and cake mixes, margarine, ‘instant’ sauces, fruit yogurts and
fruit drinks, pre-prepared meat, pasta and pizza dishes, or meat and
chicken extracts. In our study, we focused on this last group.
To estimate the frequency of consumption of UPF, we summed
the amount consumed (grams per day) of each food item classiﬁed
in the fourth category of the NOVA system (a total of 34 items). We
adjusted UPF consumption for total energy intake through the residuals method [17]. After that, we divided the sample into tertiles
according to total consumption of UPF.

2.4. Other covariates
We also gathered information on sex, age, anthropometrics,
using a questionnaire validated in a subsample of the cohort [19],
sociodemographic characteristics, medical history, lifestyle and
health-related habits including physical activity [20], television
viewing time, smoking, following of any special diet at baseline
(yes/no), and the habit of between-meal snacking (yes/no). We also
built a 0-to-8-point activeþsedentary lifestyle score, previously

2.3. Outcome assessment
The primary outcome was to assess the incidence of T2D among
participants initially free of T2D. Those participants who reported
2819

lez et al.
M. Llavero-Valero, J. Escalada-San Martín, M.A. Martínez-Gonza

Clinical Nutrition 40 (2021) 2817e2824

did less physical activity. They also had the highest fat intake and
the lowest protein consumption.
Participants at the highest tertile of UPF consumption had a 53%
relatively higher hazard of new onset type 2 diabetes compared
with those participants at the lowest tertile (HR 1.53; 95% CI 1.06 to
2.22; Table 2), with a signiﬁcant doseeresponse relationship (p for
trend 0.024).
Cox proportional hazard models were also ﬁtted with repeated
measurements using the updated data on food consumption after
10 years of follow-up. The hazard ratio for the third versus the ﬁrst
tertile was 1.65 (95% CI 1.14 to 2.38), with a p for trend of 0.023
(Table 2).
Figure 2 shows the cumulative hazard for type 2 diabetes
development over time across tertiles of UPF consumption
(adjusted for the same confounders that the multivariate model by
inverse probability weighting). The highest tertile of UPF consumption (UPF_3) was associated with a higher incidence of type 2
diabetes.
Sensitivity analyses did not substantially change the results in
any of the alternative scenarios (Table 3).
Pearson correlation coefﬁcient between Mediterranean diet and
UPF consumption showed only a weak negative relationship
(r ¼ 0.16, p ¼ <0.001). Even after adjusting for adherence to
Mediterranean diet the results remained very similar.

developed in our cohort by AlvarezeAlvarez et al. [21], taking
advantage of the extensive and previously validated information on
physical activity and sedentary lifestyles collected at baseline [20].
The score was built based on the following 8 items: 1) Do you
exercise? (No/Yes); 2) Exercise intensity (Light to moderate/
Vigorous); 3) Energy expenditure (expending at least 16.1 METs-h/
week, the cohort median); 4) Walking speed (Brisk or very brisk
pace versus low or normal pace); 5) Walking time (min/d) (0.5 h/
day versus < 0.5 h/day); 6) Climbing upstairs (3 ﬂoors/day versus
2 ﬂoors/day); 7) Television viewing time (h/d) (<1.5 h/day versus
1.5 h/day); 8) Sitting time (h/d) (<5 h/day versus 5 h/day).
2.5. Statistics
Firstly, we used inverse probability weighting to adjust participants’ baseline characteristics for age and sex according to tertiles
of UPF consumption in order to describe baseline characteristics of
participants.
We conducted Cox regression models stratiﬁed by decades of
age and year of recruitment at the cohort. We assessed the association between tertiles of UPF consumption and the risk of T2D
using the lowest tertile as the reference category. To minimise the
potential effect of a variation in diet during follow-up, we ﬁtted Cox
proportional hazard models with repeated dietary measurements
using the updated data on food consumption after 10 years of
follow-up.
Cox regression models were adjusted for several confounders:
age, sex, tertiles of body mass index (BMI), educational level,
family history of diabetes, smoking status, snacking, 8-item
active þ sedentary lifestyle score and following a special diet at
baseline.
We also represented Nelson-Aalen survival curves (adjusted for
potential confounding variables by means of inverse probability
weighting methods) to describe the incidence of T2D over time
across tertiles of UPF consumption.
Sensitivity analyses were also conducted by rerunning the
models under different a priori assumptions: excluding prevalent
cases of hypertension, cancer and cardiovascular disease to reduce
the chance of reverse causality, among other scenarios, were carried out. Analyses further adjusting for Mediterranean diet, total
energy intake or sugar difference intake during follow-up and
saccharin intake were also performed to discard a healthy dietary
pattern as a potential confounder or mediator of the studied
association.
We also calculated Pearson correlation coefﬁcient between
Mediterranean diet and UPF consumption.
We considered p values of less than 0.05 to be statistically signiﬁcant. Analyses were performed using STATA version 12.0 (StataCorp, College Station, TX).

4. Discussion
A high intake of UPF has been associated with several cardiometabolic diseases but paradoxically, there is a lack of evidence
about its effect on T2D, one of the major challenges to human
health nowadays.
In this highly-educated Mediterranean cohort with a low initial
absolute risk of T2D, a higher consumption of UPF was associated
with an increased hazard for new onset type 2 diabetes, even after
adjustment for a wide array of potential confounding factors. In
addition, daily UPF consumption was adjusted for total energy
intake. Our ﬁndings are in line with the results published by the
 Prospective Cohort and consistently showed the
NutriNet-Sante
higher risk of developing T2D associated with higher consumption
of UPF [11]. In addition, our cohort supports this effect after a much
longer follow-up and using repeated measurements of UPF intake.
Furthermore, in order to be able to compare the amount of UPF
 cohort, we
consumed between our cohort and the NutriNet-Sante
have calculated the proportion of UPF in the diet in grams/per in
the SUN cohort. We have found a mean of 9.5% (SD: 6.6) while the
French cohort achieves a mean % of 17.29 (SD 9.81). So, despite that
our mean % consumption of UPF is much lower, we found a signiﬁcant direct association between UPF consumption and T2D. In
addition, our results of consumption in percentage of weight are in
agreement with results obtained in a subsample of the PREDIMEDPLUS study, Spanish men and women aged 55e75 years with
overweight/obesity and metabolic syndrome (% of UPF consumption: 8.11, SD:7.41) [22]. Differences in percentages of UPF consumption between French and Spanish populations might be
explained because of different methods to gather information on
UPF consumption as well as different dietary habits.
Our results are also in line with the results of the UK Biobank
published meanwhile our paper was under review by Renata B.Levy
et al. [23], which showed a gradient of elevated risk of T2D associated with increasing quartiles of UPF intake after a mean followup of 5.4 years. Once again, the SUN cohort supports these results
after a longer follow-up and using repeated measurements of UPF
 Prospective
intake. Furthermore, as with the NutriNet-Sante
Cohort, the mean UPF intake of the UK BioBank was much higher
than ours (22.1% vs 9.5%).

3. Results
A total of 20,060 participants (61.5% women) were included in
this analysis (Fig. 1). Mean age at baseline was 37.4 (SD 12.2) years
and the median follow-up was 12 years. Overall, 175 new onset
diabetes cases occurred during 215, 149 person-years of follow-up.
Table 1 shows the baseline characteristics of participants according
to tertiles of total UPF consumption adjusted for sex and age. Participants at the highest tertile of UPF consumption had a higher
average BMI. Compared with participants in the ﬁrst tertile, they
were also more likely to be current smokers, to have higher level of
university education, and more hypertension, depression, cancer
and cardiovascular disease at baseline. They tended to snack more,
consume more soft drinks and watch more TV. On average, they
reached the lowest score at the Trichopoulou's 9-point score and
2820
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Table 1
Age and sex-adjusteda characteristics of the SUN participants according to tertiles of ultra-processed consumption.
TERTILES OF UPF

N
Agec (years) (SD)
Womenc (%)
BMI (kg/m2) (SD)
Smoking status (%)
Never
Current
Former
Education level (%)
Graduate
Postgraduate
Doctorate
Family History of T2D (%)
Prevalent Hypertension (%)
Prevalent cancer (%)
CVD at baseline (%)
Hypercholesterolemia (%)
Prevalent depression (%)
Trichopoulou's 9-point score (SD)
Energy intake (kcal/day)
Physical activity (METs-h/wk) (SD)
Snacking (%)
Soft drinks (portions/day) (SD)
TV hours/day (SD)
Protein intake (% of E) (SD)
Carbohydrate intake (% of E) (SD)
Fat intake (% of E) (SD)
SFAs (% of E) (SD)
PUFAs (% of E) (SD)
MUFAs (% of E) (SD)

UPF1
<214.6 g/d

UPF 2
214.6 g/d e 323.3 g/d

UPF 3
>323.3 g/d

6687
37.3 (11.8)
59.9
23.2 (3.3)

6687
37.3 (12.2)
61.0
23.4 (3.4)

6686
38.2 (13.5)
60.6
23.7 (3.8)

50.5
19.1
30.5

48.2
22.9
28.9

48.0
24.5
27.5

74.3
6.6
8.8
14.3
17.9
3.2
1.4
16.6
10.3
4.9 (1.7)
2711.0 (756.3)
26.1 (25.1)
31.1
0.1 (0.1)
1.6 (1.2)
18.1 (3.3)
44.3 (7.8)
35.7 (7.1)
11.7 (3.3)
4.9 (1.5)
15.7 (4.0)

73.0
7.5
10.2
14.3
19.0
3.2
1.2
16.3
10.9
4.0 (1.7)
2309.5 (722.6)
21.8 (20.7)
34.4
0.1 (0.2)
1.6 (1.1)
18.3 (3.2)
42.8 (7.1)
37.0 (6.2)
12.7 (3.0)
5.3 (1.5)
15.8 (3.5)

70.5
8.0
11.3
14.5
20.8
3.6
1.9
16.7
12.9
3.7 (1.7)
2540.3 (818.2)
21.5 (21.4)
38.9
0.4 (0.7)
1.7 (1.2)
17.5 (3.2)
43.5 (7.1)
37.1 (6.2)
13.1 (3.2)
5.4 (1.6)
15.6 (3.4)

p valueb

0.024
0.52
<0.001
<0.001

<0.001

0.63
<0.001
0.61
0.004
0.09
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.035

Continuous variables are expressed as means and (standard deviation) and categorical variables as percentages.
E: energy, MUFAs: Monounsaturated fatty acids, PUFAs: Polyunsaturated fatty acids, SFAs: Saturated fatty acids.
a
Adjusted through inverse probability weighting.
b
Through ANOVA and Chi-squared test weighted by the inverse probability weighting method.
c
Not adjusted.
Table 2
Cox proportional HRs and 95% CI for incident T2D according to baseline consumption of ultra-processed foods.
TERTILES

Incident TD2
Person-years
Age and sex adjusted
Multivariable adjusteda
Repeated dietary measurements¶
Age and sex-adjusted
Multivariable adjustedb

1

2

3

P trend

66
72 121
1.00 (reference)
1.00 (reference)

53
72 078
1.09 (0.76e1.57)
0.99 (0.69e1.43)

56
70 950
1.66 (1.15e2.41)
1.53 (1.06e2.22)

0.007
0.024

1.00 (reference)
1.00 (reference)

1.14 (0.79e1.64)
1.07 (0.74e1.54)

1.70 (1.18e2.47)
1.65 (1.14e2.38)

0.005
0.023

a
Adjusted for sex, age, tertiles of body mass index, educational status, family history of diabetes, smoking status, snacking between meals, 8-item active þ sedentary
lifestyle score, and following a special diet at baseline. Stratiﬁed by decades of age and recruitment period.
b
Model with repeated measures (updated data at 10 years of follow-up).

risk factors for the development of T2D [25e27]. Nonetheless, our
multivariate analysis has been adjusted for baseline BMI. Added
sugar could also dysregulate hepatic metabolism of fructose and by
this way, may promote hepatic and whole-body insulin resistance.
In fact, the high prevalence of non-alcoholic fatty liver disease
observed in T2D may also represent the effects of endogenous
fructose accumulation [28]. Added fructose is associated with a
higher likelihood of low-grade inﬂammation and oxidative stress
which can cause b-cell damage and reduce insulin secretion [29].
Another mechanism underlying the association between UPF
and T2D is the low ﬁber content characteristic of UPF. High-ﬁber
foods take longer to digest so their satiating power is higher than
those foods with low ﬁber content like UPF. In addition, high-ﬁber
diets reduce absolute values of glycated hemoglobin and fasting

In terms of grams/day of daily UPF consumption, the mean
consumption in our cohort is 295.8 gr/day (SD: 217.4). The ENRICA
study [24], a population-based cohort study of a representative
sample of the noninstitutionalized Spanish population, describes
an average consumption of UPF of 384.70 g/day, which is higher
than ours. This was to be expected, given that participants of the
SUN cohort are university graduates, they have higher educational
level and greater health consciousness than the general population
and probably their consumption is lower.
Different mechanisms might be involved in the observed association between a high consumption of UPF and increased T2D risk.
First of all, UPF usually has a high energy density and a low nutrient
density; UPF often contain high amount of added sugars, which can
lead to energy disbalance and overweight, both of them recognized
2821
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Fig. 2. Nelson-Aalen estimate of the incidence of type 2 diabetes according to tertiles of ultra-processed consumption.

Table 3
Sensitivity analysis for incident T2D according to baseline consumption of ultraprocessed food (third tertile versus ﬁrst tertile).
VARIABLE

N

Incident T2D

HR (95% CI)

Overalla
Including only women
Including only men
Excluding participants with family history of T2D
Willett's energy limits (<800 kcal/d or >4000 kcal/d in men and <500 kcal/d or >3500 kcal/d in women)
Energy limits: percentiles 5e95
Excluding participants with prevalent hypertension
Excluding participants with prevalent cancer
Excluding participants with prevalent cardiovascular disease
Additionally adjusting for Mediterranean diet
Additionally adjusting for difference sugar added intake during the follow-up and daily saccharin intake
Additionally adjusted for total energy intake

20 060
12 344
7716
17 029
18 382
18 039
16 286
19 414
19 776
20 060
2060
2060

175
43
132
107
166
159
66
164
163
175
175
175

1.53
1.32
1.59
1.32
1.59
1.64
1.60
1.67
1.57
1.50
1.52
1.52

(1.06e2.22)
(0.59e2.94)
(1.03e2.43)
(0.82e2.13)
(1.08e2.33)
(1.11e2.43)
(0.88e2.90)
(1.13e2.46)
(1.06e2.31)
(1.02e2.21)
(1.05e2.21)
(1.05e2.22)

a
Adjusted for sex, age, tertiles of body mass index, educational status, family history of diabetes, smoking status, snacking between meals, 8-item active þ sedentary
lifestyle score, and following a special diet at baseline. Stratiﬁed by decades of age and recruitment period.

retention rate (93%), the use of validated methods and the adjustment for a wide range of potential confounders. In addition, the
selection of only highly-educated participants, with more than ﬁfty
percent of them working as health professionals themselves, contributes to a higher quality and reliability of their self-reported
information.
Middle-aged, highly educated adults, with an initial low BMI
and with relatively high levels of physical activity are expected to
present at baseline a very low absolute risk of T2D and this feature
of the cohort design can contribute to prevent reverse causality. The
results were conﬁrmed in sensitivity analysis after excluding
prevalent cases of hypertension, cancer and CVD, further supporting the chances of reverse causality.
The present study has also some limitations. Firstly, it is an
observational study, therefore we cannot rule out the existence of
residual confounding because unmeasured confounders may exist.
However, the multivariate analysis has been adjusted for a wide
number of potential confounders. Secondly, the cohort is made up of
university graduates, of which more than 50% are health

plasma glucose in patients with type 2 diabetes [30], probably, by
decreasing the rate of glucose absorption and consequently
reducing the postprandial plasma glucose [31,32].
Finally, UPF have plenty of chemical additives, synthetic antioxidants and preservatives, present in both food itself and in the
packaging [33]. It is known that food additives can release several
chemicals that behave as endocrine-disruptors. At the same time,
emerging evidence indicates an association between exposure to
endocrine-disruptors and diabetes [34,35], like organophosphates
present in oil additives or bisphenol A, used in plastic products. The
use of non-caloric artiﬁcial sweeteners also present in UPF such us
aspartame, sucralose or saccharin, known as an alternative safe
option for diabetic patients, is currently controversial because they
might produce deleterious metabolic effects [36].
4.1. Strengths and limitations
There are several strengths of our study including its long
follow-up period with repeated dietary measurements, a high
2822
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professionals. This fact reduces the representativeness of the sample
but, on the other hand, it increases the quality of their self-reported
data. Thirdly, possibly due to the young mean age of our population,
we found a low incidence of new onset diabetes and some analyses
can be underpowered. Last, the food frequency questionnaire was
not speciﬁcally designed to collect data about the new NOVA classiﬁcation of UPF consumption. The study did not include cereal and
energy bars, energy drinks, health and slimming products, and meat
or vegetable nuggets, because we did not have information on the
consumption of these items. This could lead to an underestimation
of UPF consumption, potentially biasing results towards the null.
In conclusion, our study suggests that a high consumption of
UPF was associated with a higher risk of T2D. The increasing T2D
prevalence in our society demands an active prevention. Promoting
the adherence to a minimally processed food, such as the traditional Mediterranean diet, could protect against T2D [37e40]. Due
to the fact that T2D is increasing rapidly worldwide, the adoption of
high-quality dietary patterns should be considered as a major priority to confront this huge public health problem.

[8]

[9]

[10]

[11]

[12]

[13]

[14]

Funding sources

[15]

This work was supported by the Spanish Government-Instituto
de Salud Carlos III and European Regional Development Fund
(FEDER) (PI17/01795, PI20/00564) and CIBERobn (CB12/03/30002).

[16]

[17]

Authors’ contributions
Conception and design: M.LL-V and M.B.-R. Acquisition, analysis
and interpretation of data: M.LL-V and M.B.-R. Statistical analysis:
M.LL.-V under the supervision of M.B.-R. Funding: M.A.M-G and
M.B-R. Drafting of the manuscript: M.LL.-V. Critical revision of the
manuscript for important intellectual content: M.B-R, J.E-S.M,
M.A.M.-G, F.J.B.-G, C. F-A. All authors read and approved the ﬁnal
version.

[18]

[19]

[20]

Conﬂict of interest
No ﬁnancial disclosures were reported by the authors of this
paper.

[21]

Acknowledgments
[22]

We thank the participants of the SUN Project for their continued
cooperation and participation. We thank all members of the SUN
project for their administrative, technical and material support.

[23]

References
[24]
[1] Diabetes Federation International. IDF diabetes atlas 2019. 2019.
[2] Mozaffarian D. Dietary and policy priorities for cardiovascular disease, diabetes, and obesity. Circulation 2016;133:187e225. https://doi.org/10.1161/
CIRCULATIONAHA.115.018585.
[3] Monteiro CA, Moubarac J-C, Cannon G, Ng SW, Popkin B. Ultra-processed
products are becoming dominant in the global food system. Obes Rev
2013;14:21e8. https://doi.org/10.1111/obr.12107.
[4] Martínez Steele E, Baraldi LG, Louzada ML da C, Moubarac J, Mozaffarian D,
Monteiro CA. Ultra-processed foods and added sugars in the US diet: evidence
from a nationally representative cross-sectional study. BMJ Open 2016;6:
e009892. https://doi.org/10.1136/bmjopen-2015-009892.
[5] Monteiro CA, Cannon G, Levy RB, Moubarac J-C, Jaime P, Martins APCD, et al.
NOVA. The star shines bright. Food Classif Pub Heal World Nutr 2016;7:
28e38.
[6] Mendonça R de D, Lopes ACS, Pimenta AM, Gea A, Martinez-Gonzalez MA,
Bes-Rastrollo M. Ultra-processed food consumption and the incidence of hypertension in a mediterranean cohort: the seguimiento Universidad de Navarra project. Am J Hypertens 2017;30:358e66. https://doi.org/10.1093/ajh/
hpw137.
[7] Mendonça R de D, Pimenta AM, Gea A, de la Fuente-Arrillaga C, MartinezGonzalez MA, Lopes ACS, et al. Ultraprocessed food consumption and risk

[25]

[26]

[27]
[28]

[29]
[30]

2823

of overweight and obesity: the University of Navarra Follow-Up (SUN)
cohort study. Am J Clin Nutr 2016;104:1433e40. https://doi.org/10.3945/
ajcn.116.135004.
 mez-Donoso C, Sa
nchez-Villegas A, Martínez-Gonza
lez MA, Gea A,
Go
Mendonça R de D, Lahortiga-Ramos F, et al. Ultra-processed food consumption
and the incidence of depression in a Mediterranean cohort: the SUN Project.
Eur J Nutr 2020;59:1093e103. https://doi.org/10.1007/s00394-019-01970-1.
lez MA, Alvarez-Alvarez I, Mendonça R de D,
Rico-Camp
a A, Martínez-Gonza
mez-Donoso C, et al. Association between conde la Fuente-Arrillaga C, Go
sumption of ultra-processed foods and all cause mortality: SUN prospective
cohort study. BMJ 2019;365:l1949. https://doi.org/10.1136/bmj.l1949.
€cker M, Baker P, Lawrence M. Ultra-processed
Elizabeth L, Machado P, Zino
foods and health outcomes: a narrative review. Nutrients 2020;12:1955.
https://doi.org/10.3390/nu12071955.
s B, Debras C, Druesne-Pecollo N, et al.
Srour B, Fezeu LK, Kesse-Guyot E, Alle
Ultraprocessed food consumption and risk of type 2 diabetes among partici prospective cohort. JAMA Intern Med 2020;180:
pants of the NutriNet-sante
283. https://doi.org/10.1001/jamainternmed.2019.5942.
 A,
Carlos S, De La Fuente-Arrillaga C, Bes-Rastrollo M, Razquin C, Rico-Campa
Martínez-Gonz
alez MA, et al. Mediterranean diet and health outcomes in the
SUN cohort. Nutrients 2018;10:439. https://doi.org/10.3390/nu10040439.
Martin-Moreno JM, Boyle P, Gorgojo L, Maisonneuve P, FernandezRodriguez JC, Salvini S, et al. Development and validation of a food frequency
questionnaire in Spain. Int J Epidemiol 1993;22:512e9.
zquez Ruiz Z, Bes-Rastrollo M, Sampson L, Martide la Fuente-Arrillaga C, Va
nez-Gonz
alez MA. Reproducibility of an FFQ validated in Spain. Publ Health
Nutr 2010;13:1364e72. https://doi.org/10.1017/S1368980009993065.
~ ol JL, Zazpe I, Corella D, Carrasco P, Toledo E, et al.
Fern
andez-Ballart JD, Pin
Relative validity of a semi-quantitative food-frequency questionnaire in an
elderly Mediterranean population of Spain. Br J Nutr 2010;103:1808e16.
https://doi.org/10.1017/S0007114509993837.
Trichopoulou A, Costacou T, Bamia C, Trichopoulos D. Adherence to a mediterranean diet and survival in a Greek population. N Engl J Med 2003;348:
2599e608. https://doi.org/10.1056/NEJMoa025039.
Willett W. Implications of total energy intake for epidemiologic analyses. In:
Willett WC, editor. Nutr. Epidemiol.. 3th ed. New York: Oxford
University Press; 2012. p. 260e86. https://doi.org/10.1093/acprof:oso/
9780199754038.003.0011.
American Diabetes Association. 2. Classiﬁcation and diagnosis of diabetes:
standards of medical care in diabetes-2020. Diabetes Care 2020;43:S14e31.
https://doi.org/10.2337/dc20-S002.
Bes-Rastrollo M, Valdivieso J, Sanchez-Villegas A, Alonso A, Martínezlez M. Validacio
n del peso e índice de masa corporal auto-declarados de
Gonza
los participantes de una cohorte de graduados universitarios [in Spanish]. Rev
~ ola Obes 2005;3.
Espn
 pez-Fontana C, Varo JJ, S
Martínez-Gonz
alez MA, Lo
anchez-Villegas A,
Martinez JA. Validation of the Spanish version of the physical activity questionnaire used in the nurses' health study and the health professionals'
follow-up study. Publ Health Nutr 2005;8. https://doi.org/10.1079/
PHN2005745.
rez de Rojas J, Bes-Rastrollo M, Ruiz-Canela M,
Alvarez-Alvarez I, Zazpe I, Pe
Fernandez-Montero A, et al. Mediterranean diet, physical activity and their
combined effect on all-cause mortality: the Seguimiento Universidad de
Navarra (SUN) cohort. Prev Med 2018;106:45e52. https://doi.org/10.1016/
j.ypmed.2017.09.021.
Konieczna J, Morey M, Abete I, Bes-Rastrollo M, Ruiz-Canela M, Vioque J, et al.
Contribution of ultra-processed foods in visceral fat deposition and other
adiposity indicators: prospective analysis nested in the PREDIMED-Plus trial.
Clin Nutr 2021. https://doi.org/10.1016/j.clnu.2021.01.019.
Levy RB, Rauber F, Chang K, Louzada ML da C, Monteiro CA, Millett C, et al.
Ultra-processed food consumption and type 2 diabetes incidence: a
prospective cohort study. Clin Nutr 2021;40:3608e14. https://doi.org/
10.1016/j.clnu.2020.12.018.
 pez-Garcia E, Graciani A, Ordov
Blanco-Rojo R, Sandoval-Insausti H, Lo
as JM,
Banegas JR, et al. Consumption of ultra-processed foods and mortality: a national prospective cohort in Spain. Mayo Clin Proc 2019;94:2178e88. https://
doi.org/10.1016/j.mayocp.2019.03.035.
Guasch-Ferre M, Becerra-Tomas N, Ruiz-Canela M, Corella D, Schroder H,
Estruch R, et al. Total and subtypes of dietary fat intake and risk of type 2
diabetes mellitus in the Prevencion con Dieta Mediterranea (PREDIMED)
study. Am J Clin Nutr 2017;105:723e35. https://doi.org/10.3945/
ajcn.116.142034.
Breen C, Ryan M, McNulty B, Gibney MJ, Canavan R, O'Shea D. High saturatedfat and low-ﬁbre intake: a comparative analysis of nutrient intake in individuals with and without type 2 diabetes. Nutr Diabetes 2014;4:e104.
https://doi.org/10.1038/nutd.2014.2. e104.
DiNicolantonio JJ, O'Keefe JH, Lucan SC. Added fructose. Mayo Clin Proc
2015;90:372e81. https://doi.org/10.1016/j.mayocp.2014.12.019.
Jensen T, Abdelmalek MF, Sullivan S, Nadeau KJ, Green M, Roncal C, et al.
Fructose and sugar: a major mediator of non-alcoholic fatty liver disease.
J Hepatol 2018;68:1063e75. https://doi.org/10.1016/j.jhep.2018.01.019.
Lustig RH. Fructose: metabolic, hedonic, and societal parallels with ethanol.
J Am Diet Assoc 2010;110:1307e21.
Silva FM, Kramer CK, de Almeida JC, Steemburgo T, Gross JL, Azevedo MJ. Fiber
intake and glycemic control in patients with type 2 diabetes mellitus: a

lez et al.
M. Llavero-Valero, J. Escalada-San Martín, M.A. Martínez-Gonza

[31]

[32]

[33]

[34]

[35]

Clinical Nutrition 40 (2021) 2817e2824
[36] Abou-Donia MB, El-Masry EM, Abdel-Rahman AA, McLendon RE,
Schiffman SS. Splenda alters gut microﬂora and increases intestinal P-glycoprotein and cytochrome P-450 in male rats. J Toxicol Environ Health Part A
2008;71:1415e29. https://doi.org/10.1080/15287390802328630.
€ ger J, Schulze MB. Dietary patterns and type 2 diabetes: a
[37] Jannasch F, Kro
systematic literature review and meta-analysis of prospective studies. J Nutr
2017;147:1174e82. https://doi.org/10.3945/jn.116.242552.
[38] Cespedes EM, Hu FB, Tinker L, Rosner B, Redline S, Garcia L, et al. Multiple
healthful dietary patterns and type 2 diabetes in the women's health
initiative. Am J Epidemiol 2016;183:622e33. https://doi.org/10.1093/aje/
kwv241.
 J, Bullo
 M, Estruch R, Ros E, Covas M-I, Ibarrola-Jurado N, et al.
[39] Salas-Salvado
Prevention of diabetes with Mediterranean diets: a subgroup analysis of a
randomized trial. Ann Intern Med 2014;160:1e10. https://doi.org/10.7326/
M13-1725.
 De La Fuente-Arrillaga C, Nunez-Cordoba JM, Bas[40] Martínez-Gonz
alez MA,
terra-Gortari FJ, Beunza JJ, Vazquez Z, et al. Adherence to Mediterranean diet
and risk of developing diabetes: prospective cohort study. Br Med J 2008;336:
1348e51. https://doi.org/10.1136/bmj.39561.501007.BE.

systematic review with meta-analysis of randomized controlled trials. Nutr
Rev 2013;71:790e801. https://doi.org/10.1111/nure.12076.
Anderson JW, Randles KM, Kendall CWC, Jenkins DJA. Carbohydrate and ﬁber
recommendations for individuals with diabetes: a quantitative assessment
and meta-analysis of the evidence. J Am Coll Nutr 2004;23:5e17. https://
doi.org/10.1080/07315724.2004.10719338.
Post RE, Mainous AG, King DE, Simpson KN. Dietary ﬁber for the treatment of
type 2 diabetes mellitus: a meta-analysis. J Am Board Fam Med 2012;25:
16e23. https://doi.org/10.3122/jabfm.2012.01.110148.
Martínez Steele E, Khandpur N, da Costa Louzada ML, Monteiro CA. Association between dietary contribution of ultra-processed foods and urinary concentrations of phthalates and bisphenol in a nationally representative sample
of the US population aged 6 years and older. PloS One 2020;15:e0236738.
https://doi.org/10.1371/journal.pone.0236738.
Velmurugan G, Ramprasath T, Gilles M, Swaminathan K, Ramasamy S. Gut
microbiota, endocrine-disrupting chemicals, and the diabetes epidemic.
Trends Endocrinol Metabol 2017;28:612e25. https://doi.org/10.1016/
j.tem.2017.05.001.
Gore AC, Chappell VA, Fenton SE, Flaws JA, Nadal A, Prins GS, et al. EDC-2: the
endocrine society's second scientiﬁc statement on endocrine-disrupting
chemicals. Endocr Rev 2015;36:E1e150. https://doi.org/10.1210/er.2015-1010.

2824

