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Methods
and results

To evaluate the association of ultra-processed food (UPF) intake and mortality among individuals with history of
cardiovascular disease (CVD) and analyse some biological pathways possibly relating UPF intake to death.

Longitudinal analysis on 1171 men and women (mean age: 67 £ 10years) with history of CVD, recruited in the
Moli-sani Study (2005-10, Italy) and followed for 10.6 years (median). Food intake was assessed using a food fre-
quency questionnaire. UPF was defined using the NOVA classification according to degree of processing and cate-
gorized as quartiles of the ratio (%) between UPF (g/day) and total food consumed (g/day). The mediating effects
of 18 inflammatory, metabolic, cardiovascular, and renal biomarkers were evaluated using a logistic regression
model within a counterfactual framework. In multivariable-adjusted Cox analyses, higher intake of UPF (Q4,
>11.3% of total food), as opposed to the lowest (Q1, UPF <4.7%), was associated with higher hazards of all-cause
(hazard ratio [HR]: 1.38; 95% confidence interval (Cl): 1.00-1.91) and CVD mortality (HR: 1.65; 95% ClI: 1.07—
2.55). A linear dose—response relationship of 1% increment in UPF intake with all-cause and CVD mortality was
also observed. Altered levels of cystatin C explained 18.3% and 16.6% of the relation between UPF (1% increment
in the diet) with all-cause and CVD mortality, respectively.

Conclusion A diet rich in UPF is associated with increased hazards of all-cause and CVD mortality among individuals with prior
cardiovascular events, possibly through an altered renal function. Elevated UPF intake represents a major public
health concern in secondary CVD prevention.

Keywords Ultra-processed food e Secondary cardiovascular prevention e Mortality e Biomarkers

Introduction To fill this knowledge gap, we first aimed to disentangle the associ-

The health impact of food processing has become a relevant and
timely topic given the increasing volume of industrially processed
food worldwide. Processed food constitutes a large part of the
world’s food consumption; the proportion of food that is ultra-
processed is almost 60% in the USA and in the UK,1'2 42% in
Australia,3 and about 24% and 17% in Mediterranean countries such
as Spain4 and ltaly,> respectively. The term ultra-processed foods
(UPF) indicates formulations generally including five or more and usu-
ally many ingredients, mostly of cheap industrial sources of dietary
energy and nutrients plus additives, using a series of processes and
containing minimal whole foods.®

Within epidemiological research, NOVA (a name, not an acronym)
is the most widely used food classification based on degree of process-
ing and was originally conceived to overcome limitations pertaining to
traditional nutrition approaches focussed exclusively on nutrients.®”

Recently, a direct association between consumption of UPF and
risk of developing cardiovascular disease (CVD) was described in the
well-established Framingham Offspring cohort.? Such results align
with recent evidence that diets rich in UPF likely lead to higher hazard
of mortality and disease in the general population,”'® possibly
through mechanisms that include poor nutritional content of these
foods, food structure, cosmetic additives, neo-formed compounds,
and contact materials.”" Whether consumption of UPF predicts mor-
tality and CVD outcomes in individuals with a history of CVD
remains to be established.

Although high consumption of UPF has been reportedly associated
with an increased risk of metabolic conditions, such as obesity, dia-
betes, hyperlipidaemia,'* and a decline in renal function,® only few
epidemiological studies so far have addressed longitudinally whether
such altered conditions possibly mediate the relation between UPF
and adverse health outcomes.”

ation of UPF intake with all-cause and cause-specific mortality among
individuals with a history of CVD by analysing data from a large Italian
cohort recruited within the Moli-sani Study, taking advantage of a
long follow-up period; second, we tested blood biomarkers (e.g.
markers of renal function) and other known CVD risk factors (e.g.
blood pressure) as possible parameters on the pathway between
UPF and all-cause and cause-specific mortality.

Methods

Study population
We analysed data from the Moli-sani Study, a prospective cohort study for
the investigation of risk factors for chronic diseases, where we had previ-
ously documented an increased death rate associated with UPF intake.”
During 200510, 24 325 individuals residing in Molise, a region of central-
southern Italy, aged >35 years were randomly enrolled from city hall regis-
tries by a multistage sampling. Exclusion criteria were pregnancy at the
time of recruitment, disturbances in mental or decision-making impair-
ments, current poly-traumas or coma, or refusal to sign the informed con-
sent. Thirty percentage of subjects refused to participate and were
generally older and had a higher prevalence of CVD and cancer than other
participants. Further details of the study design are available elsewhere.™
From the initial study sample, 1320 reported at enrolment a previous
diagnosis of CVD, including angina, myocardial infarction, revasculariza-
tion procedures, peripheral artery disease, and cerebrovascular events.
Each self-reported CVD event was confirmed if at least one of the follow-
ing criteria was fulfilled: (i) the participant reported the date of admission
to the hospital; (i) reported drug use for ischaemic vascular disease; and
(iii) presented medical records of ischaemic vascular disease diagnosis.
Participants were excluded from the present analyses if they reported
missing data on diet, implausible energy intake (<800 or >4000 kcal/day
in men and <500 or >3500 kcal/day in women) or extreme food intake
(<0.5th and >99.5th centiles of total food eaten, and >99.5th of UPF
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consumed), dietary or medical questionnaires judged as unreliable by
interviewers, or missing data on cause-specific death.

We finally analysed 1171 subjects with CVD at baseline. Supplemen-
tary material online, Figure 1 shows the flowchart for selection of study
participants.

Outcome ascertainment

The Moli-sani Study cohort was followed up for mortality until 31
December 2018. Cause-specific mortality was assessed by the Italian
mortality registry, validated by Italian death certificates (ISTAT form), and
coded according to the International Classification of Diseases (ICD)-9.

CVD mortality included deaths from diseases of the circulatory sys-
tem, when the underlying cause of death included ICD-9 codes 390—459.
ICD-9 codes 430438 were used to define specific cause of death for
cerebrovascular disease, ICD-9 codes 410—414 and 429 for ischaemic
heart disease (IHD).

Cancer death was considered when the underlying cause of death
included ICD-9 codes 140-208. Non-cardiovascular/non-cancer causes
of death were included in the ‘other cause mortality’ group.

The Moli-sani Study was approved by the Ethical Committee of the
Catholic University (Rome, ltaly) and participants provided written
informed consent.

Dietary assessment

Food intake during the year before enrolment was assessed by an
interviewer-administered semi-quantitative EPIC food frequency ques-
tionnaire (FFQ) validated and adapted to the ltalian population,’ for a
total of 188 food items that were classified into 83 pre-defined food
groups on the basis of similar nutrient characteristics or culinary usage.

Using a specifically designed software,® frequencies and quantities of
each food were linked to Italian Food Tables" to obtain estimates of daily
intake of macro- and micro-nutrients plus energy.

To estimate UPF, we used the NOVA classification® that groups foods
into four categories representing levels of processing: (i) fresh or minimal-
ly processed foods (e.g. fruit, meat, milk); (ii) processed culinary ingre-
dients (e.g. oils, butter); (iii) processed foods (e.g. canned fish); or (iv) UPF
containing predominantly industrial substances and little or no whole
foods (e.g. carbonated drinks, processed meat, snacks). For the purpose
of these analyses, we used the fourth UPF category.

We summed up the amount consumed (g/day) of each food group
from the fourth category of NOVA (a total of 22 foods and beverages)
and calculated the proportion (%) of UPF in the total weight of food and
beverages consumed (g/day) by creating a weight ratio.

Such approach is more appropriate than energy ratio since it better
accounts for non-nutritional factors pertaining to food processing (e.g.
neo-formed contaminants, additives, and alterations to the structure of
raw foods).'®" Participants were then divided into quartiles based on
the proportion of UPF food consumed over the total food intake. The full
list of foods categorized according to the NOVA classification is available
as Supplementary material online, Table 1.

Adherence to the traditional Mediterranean diet was defined through
the Mediterranean diet score (MDS) developed by Trichopoulou et al.*°

Covariate assessment

Personal history of cancer was self-reported and confirmed by medical

records. Participants were considered to have diabetes, hypertension, or

hyperlipidaemia at baseline if they were taking disease-specific drugs.
Leisure-time physical activity was expressed as daily energy expend-

iture in metabolic equivalent task-hours for sport, walking, and gardening.

Height and weight were measured and body mass index (BMI) was calcu-
lated as kg/m?.

Subjects were classified as never, current, or former smokers (quit at
least 1year ago). Education was based on the highest qualification
attained and was categorized as up to lower secondary (approximately
<8years of study), upper secondary school (>8 < 13), and post-second-
ary education (>13). Housing tenure was classified as rented, 1 dwelling
ownership, and >1 dwelling ownership.

Selection and assessment of biomarkers of
CVD risk

Key biological mechanisms through which UPF intake may adversely affect
health include, among others, altered serum lipid concentrations, inflamma-
tion, oxidative stress, dysglycaemia, insulin resistance, and hypertension.'

The selection of biomarkers reflecting different underlying pathways
to CVD incidence and progression,”"*? as potential mediators of an asso-
ciation between UPF intake and mortality was done by subject area
knowledge according to the following criteria: (i) previously studied for
their relevance in pathways predisposing to CVD; (i) shown in epidemio-
logic studies to be related to CVD or mortality; and (iii) already investi-
gated in the Moli-sani Study cohort.

Blood samples were collected at baseline (2005—10) in participants who
had fasted overnight and had refrained from smoking for at least 6 h; lipids
(total cholesterol, HDL-cholesterol, triglycerides) and blood glucose were
assayed in serum samples by enzymatic reaction methods using an auto-
matic analyser (ILab 350, Instrumentation Laboratory, Milan, Italy) and
quality control for lipids and glucose was obtained by a commercial stand-
ard (SeraChem® 1 and 2). The coefficients of variability were, respectively,
4.9% and 5.2% for blood cholesterol; 3.2% and 3% for HDL-cholesterol;
5.29% and 5.3% for triglycerides; and 4.7% and 4.1% for blood glucose.

High-sensitivity C-reactive protein (CRP) was measured in fresh serum
samples by a particle-enhanced immune-turbidimetric assay (ILab 350,
Instrumentation Laboratory, Milan, Italy). Quality control for CRP was
maintained using in-house serum pool and commercial laboratory stand-
ard; inter-day coefficients of variability for CRP were 5.5% and 4.2%.

Haemocromocytometric analysis was performed by cell count
(Coulter HMX, Beckman Coulter, IL, Milan, Italy) within 3 h of blood col-
lection. Quality control was performed by using three different levels of
standards: Abnormal 1 (Abn1, a pathologically high control), Abnormal 2
(Abn2, a pathologically low control), and Normal (Coulter HMX,
Beckman Coulter). Coefficient of variability for white blood cells was
6.2%, 3.3%, and 3.0% for Abn1, Abn2, and Normal, respectively.
Apolipoprotein A1, apolipoprotein B100, lipoprotein(a), markers of renal
function (cystatin C, creatinine), insulin, C-peptide, and serum vitamin D
were measured subsequently on thawed samples stored frozen in liquid
nitrogen at the biological bank of the Moli-sani Study, in the framework of
the collaborative BiomarCaRE research project (EUFP7, HEALTH-F2-
2011-278913) whose primary objective is to assess the value of estab-
lished and emerging biomarkers for CVD risk prediction by using data
from 23 cohorts across Europe.?’

Statistical analyses
Baseline characteristics are presented as means (+standard deviations)
for quantitative traits and number and percentages for categorical varia-
bles. Positively skewed variables were log transformed before analysis.
Differences in the distribution of baseline covariates according to UPF
quartiles were calculated using generalized linear models adjusted for age,
sex, and energy intake (GENMOD procedure for categorical variables
and GLM procedure for continuous variables in SAS software; Table 7).
The proportional hazards assumption was assessed using weighed
Schoenfeld residuals, and no violation was identified (P-value for global
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Figure | Multivariable-adjusted survival curves for (A) all-cause and (B) cardiovascular mortality across quartiles of ultra-processed food intake
among 1171 individuals with history of cardiovascular disease from the Moli-sani cohort, generated using the first imputed dataset. The other imputed
datasets were similar and thus omitted. Survival estimates were obtained from the multivariable model adjusted for sex, age, energy intake, educa-
tional level, housing tenure, smoking, leisure-time physical activity, body mass index, history of cancer, diabetes, hypertension, hyperlipidaemia, resi-

dence, and the Mediterranean diet score.

test = 0.26). Rate estimates for all-cause and cause-specific mortality
were expressed as hazard ratios (HRs) with 95% confidence interval
(95% Cl) and calculated by using Cox proportional hazards models with
time-on-study as the time scale and adjusting for baseline age as covariate
in the model. Multivariable-adjusted HRs were calculated across quartiles
of UPF, as well as considering the UPF as a continuous variable (1% in-
crease in the proportion of UPF in the diet).

Participants contributed person-time until date of death, date of emi-
gration or loss to follow-up, or end of follow-up, whichever occurred

first. Participants who died from another cause than the one under study
were included and censored at the date of the competing death event.

Potential confounders were defined a priori and identified based on
existing literature, rather than deferring to statistical criteria.2>

The following models were ultimately fitted: (i) crude model; (ii) age,
seX, and energy intake adjusted; (i) Model 1 including sex, age (continu-
ous), energy intake (continuous), educational level (up to lower second-
ary, upper secondary, post-secondary), housing tenure (rent, 1 dwelling
ownership, >1 dwelling ownership), smoking (never, current, former
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Table I Baseline characteristics of the study population by quartiles of ultra-processed food intake (weight ratio
expressed as % g/day) among individuals with history of cardiovascular disease from the Moli-sani Study cohort
(n=1171)

Quartiles of ultra-processed food

Q1 Q2 Q3 Q4 P-value
Median, min—max (weight ratio, %) 34(0.01<47) 58 (47<70) 8.6 (70<11.3) 15.0 (11.3<35.2) -
No. of subjects (%) 292 (25.0) 293 (25.0) 293 (25.0) 293 (25.0) -
Age (years), mean (SD) 68 (9) 68 (9) 66 (10) 64 (11) <0.0001
Men 75.0 734 64.2 58.7 <0.0001
Urban residence 67.5 68.3 67.9 70.0 0.72
Educational level 0.055
Up to lower secondary 64.4 68.6 734 62.5
Upper secondary 26.0 229 194 30.0
Post-secondary 9.3 7.5 72 7.5
Missing data 0.3 1.0 0.0 0.0
Housing tenure 0.052
Rent 5.1 9.2 10.2 109
1 dwelling ownership 83.2 81.6 80.9 799
>1 dwelling ownership 113 8.9 8.5 9.2
Missing data 0.3 0.3 0.3 0.0
Smoking status 0.022
Non-smokers 312 386 341 42.3
Current 12.0 10.9 14.3 174
Former 56.8 50.5 51.5 40.3
BMI (kg/m?), mean (SD) 294 (4.1) 29.6 (4.5) 29.6 (4.7) 29.1(4.8) 0.41
Leisure-time physical activity (MET-h/day), mean (SD) 3.3 (4.1) 31(3.7) 3.6 (4.6) 3.1 (4.5) 0.52
Cancer 0.096
No 952 94.2 92.8 90.8
Yes 4.5 55 6.5 9.2
Missing data 0.3 0.3 0.7 0.0
Diabetes 0.64
No 76.7 829 812 86.0
Yes 223 15.0 16.7 13.6
Missing data 1.0 21 2.1 0.4
Hypertension 0.96
No 274 26.6 304 314
Yes 71.6 734 68.9 67.6
Missing data 1.0 0.0 0.7 1.0
Hyperlipidaemia 0.22
No 445 471 50.8 55.6
Yes 52.1 49.8 471 423
Missing data 34 3.1 2.1 21
Dietary factors, mean (SD)
MDS 4.9 (1.6) 4.7 (1.6) 4.4 (1.6) 42(1.7) <0.0001
Good adherence to Mediterranean diet (MDS >6; %) 34.6 321 259 19.1 <0.0001
Fruits and nuts (g/day) 393 (204) 368 (182) 350 (181) 339 (175) 0.0027
Vegetables (g/day) 165 (69) 152 (60) 153 (67) 129 (60) <0.0001
Cereals (g/day) 215 (92) 210 (87) 192 (80) 176 (85) <0.0001
Legumes (g/day) 32 (26) 27 (22) 30 (24) 28 (25) 0.13
Fish (g/day) 46 (30) 47 (29) 45 (24) 44 (27) 0.59
MUFA/SFA ratio 1.58 (0.38) 1.47 (0.30) 1.42 (0.26) 132 (0.24) <0.0001
Milk and dairy products (g/day) 179 (117) 185 (101) 188 (113) 186 (102) 0.76
Meat and meat products (g/day) 87 (35) 96 (41) 99 (39) 93 (44) 0.0002
Alcohol intake (g/day) 22 (23) 17 (20) 13 (18) 8 (15) <0.0001

Continued
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Table | Continued

Quartiles of ultra-processed food

Q1

Energy intake (kcal/day) 1668 (497)
Carbohydrate (% total energy intake) 49 (8)
Sugar (g/day) 77 (28)
Protein (% total energy intake) 16.1 (2.6)
Fat (% total energy intake) 30 (6)
Saturated fat (% total energy intake) 10.1 (2.7)
Saturated fat (g/day) 21 (6)
Monounsaturated fat (% total energy intake) 15.2 (3.5)
Polyunsaturated fat (% total energy intake) 3.3(0.7)
Dietary cholesterol (mg/day) 257 (79)
Fibre intake (g/day) 21 (7)
Sodium (mg/day) 2062 (690)

CVD risk factors, mean (SD)

C-reactive protein (mg/L)?
White blood cell count (x109/L)al
Granulocyte/lymphocyte ratio
Blood glucose (mg/dL)?

Insulin (pmol/L)?

C-peptide (ng/mL)?

1.82 (1.60-2.06)
6.1 (59-6.3)

2.16 (1.11)

110 (107-114)

56.8 (52.9-60.9)

1.76 (1.64-1.88)

Blood cholesterol (mg/dL) 202 (42)
HDL-cholesterol (mg/dL) 57 (15)
Triglycerides (mg/dL)* 126 (119-133)
ApoA (g/L) 1.56 (0.32)
ApoB100 (g/L) 0.93 (0.24)
Lp(a) (mg/dL) 23.6 (24.5)
Cystatin C (mg/L)* 1.08 (1.05-1.11)
Creatinine (mg/dL)? 0.84 (0.82-0.87)
Systolic BP (mmHg) 150 (21)
Diastolic BP (mmHg) 81 (10)

Heart rate (b.p.m.) 66.0 (10.6)
Serum vitamin D (ng/mL) 16.9 (8.8)

Q2 Q3 Q4 P-value
1811 (482) 1891 (565) 1981 (548) <0.001
49 (7) 48 (7) 50 (7) 0.010
76 (28) 82 (33) 94 (33) <0.0001
16.7 (2.3) 16.7 (2.2) 16.3 (2.1) 0.0019
32(5) 34 (5) 33 (6) <0.0001
11.0 (2.3) 117 (2.2) 122 (2.6) <0.0001
23 (7) 25 (8) 26 (10) <0.0001
15.7 (2.9) 16.3 (2.9) 15.7 (2.8) 0.0003
3.5(0.6) 3.6 (0.6) 3.6 (0.6) <0.0001
280 (87) 287 (97) 303 (114) <0.0001
20 (7) 20 (7) 19 (7) <0.0001
2123 (740) 2130 (760) 2072 (895) 0.16
1.90 (1.68-2.14) 1.92 (1.71-2.17) 2.03 (1.80-2.29) 0.66
6.1 (5.9-6.3) 6.0 (5.8-6.2) 6.3 (6.1-6.5) 0.13
2.10 (0.91) 2.03 (0.84) 2.20 (0.94) 0.15
106 (103-110) 108 (105-111) 106 (102-109) 0.27
56.7 (53.0-60.7) 57.2 (53.5-61.2) 55.9 (52.3-59.7) 0.97
1.75 (1.63-1.87) 1.79 (1.68-1.91) 1.81 (1.69-1.93) 0.89
198 (43) 195 (42) 192 (41) 0.051
55(13) 53 (14) 53 (14) 0.0058
122 (115-129) 130 (123-138) 121 (114-128) 0.21
1.52 (0.28) 1.52 (0.30) 1.49 (0.32) 0.10
0.92 (0.25) 0.93 (0.24) 0.92 (0.24) 0.82
242 (24.2) 20.1 (22.0) 22.1(23.0) 0.18
1.10 (1.07-1.13) 1.13 (1.10-1.16) 1.15 (1.12-1.19) 0.0066
0.85(0.83-0.88)  0.87 (0.85-0.90)  0.88 (0.85-0.91) 0.14
147 (19) 151 (22) 150 (22) 0.094
80 (9) 80 (10) 82 (10) 0.12
65.1 (10.6) 65.4 (10.0) 67.4 (11.5) 0.0046
17.3 (8.7) 16.8 (8.4) 16.6 (8.6) 0.75

Values are reported as percentages unless otherwise specified. BMI, leisure-time physical activity, dietary data, and biomarkers are reported as means (SD) adjusted for age, sex,
and energy intake. P-values were obtained using generalized linear models both for continuous and categorical dependent variables adjusted for age, sex and energy intake.
ApoA, apolipoprotein A; ApoB100, apolipoprotein B100; BMI, body mass index; BP, blood pressure; CVD, cardiovascular disease; HDL, high-density lipoprotein; Lp(a), lipopro-
tein(a); MDS, Mediterranean diet score; MUFA, monounsaturated fat; SD, standard deviation; SFA, saturated fat.

?Geometric means with corresponding 95% confidence intervals, adjusted for age, sex, and energy intake.

smokers), BMI (continuous), leisure-time physical activity (continuous),
cancer (nolyes), diabetes (nofyes), hypertension (nol/yes), hyperlipid-
aemia (no/yes), and residence (urban, rural); and (iv) Model 2 as in Model
1 further controlled for MDS (continuous).

Missing data on covariates (see flowchart in Supplementary material
online, Figure 1) were handled using multiple imputation (SAS PROC M|,
followed by PROC MIANALYZE) to maximize data availability for all vari-
ables, avoid bias introduced by not-at-random missing data patterns, and
achieve robust results over different simulations (n=10 imputed
datasets).

After being selected by subject area knowledge, a biomarker was con-
sidered as potentially mediating the association of UPF intake with all-
cause and cause-specific mortality, if it resulted associated with both the
exposure and the outcome, in accordance with predefined mediation

principles.2**

These criteria were tested in distinct multivariable regression models
for each potential mediator individually (Supplementary material online,
Table 2) and through Cox models including UPF consumption (continu-
ous) as a covariate (Supplementary material online, Table 3).

For the mediation analysis, we used mediation models (SAS PROC
CAUSALMED) to assess the potential mediation effect of biomarkers on
the association between UPF intake (1% increment of UPF in the diet)
and all-cause and CVD mortality in a counterfactual framework.2®

PROC CAUSALMED estimates causal mediation effects and Cls for
the effects based on the maximum likelihood estimates. We utilized 1000
bootstrap resampling to compute Cls of the percentage mediated. The
factors adjusted in the mediation analyses were the same as those in the
main analyses (Model 2).

To test for a potential non-linear, continuous relationship between
UPF and mortality, we used multivariable Cox regression analysis with
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UPF intake modelled as restricted cubic splines (three knots at 5%, 50%,
and 95% of the UPF distribution)?” and used the median value of UPF
weight ratio (=7.02%) as the reference value.

We calculated the hypothetical population attributable risk, an estima-
tion of the percentage of mortality in the study population during follow-
up that theoretically would not have occurred if all individuals had been in
the low-risk category, assuming a causal relation.

For these analyses, we compared participants in the highest UPF intake
(Q4) with the rest of the population (Q1 + Q2 + Q3).

Statistical tests were two-sided, and P-values < 0.05 were considered
to indicate statistical significance. The data analysis was generated using
SAS/STAT software, version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results

The analysed population consisted of 377 women (32.2%) and 794
men (67.8%) with a mean age of 66.8years (min 38.0 to max
74.1years).

Study participants reported a median of 7.02% [interquartile range
(IQR): 4.7-11.3%] UPF intake in the diet, an average UPF daily intake
of 132.0 g/day (IQR: 65.9-172.8 g), and the average energy from UPF
was 17.8% (IQR: 12.2-22.0%) of the total calories consumed daily.
Food mostly contributing to the total of UPF consumed were proc-
essed meat (18.3%), cakes/pies/pastries (11.5%), crispbread/rusks
(11.3%), and non-homemade pizza (10.2%) (Supplementary material
online, Table 7). As compared with subjects with low UPF intake
(Q1), those having high proportion of UPF in the diet (Q4) were
younger, less frequently men, and less likely former smokers, where-
as no substantial differences were found for chronic conditions at
baseline.

Adherence to the Mediterranean diet tended to be progressively
lower across quartiles of UPF intake, as well as consumption of fruits
and nuts, vegetables, cereals, monounsaturated (MUFAs) over satu-
rated fats (SFAs), and alcohol, while meat and meat products intake
was higher among those with high UPF intake. Heavy UPF consumers
tended to consume more calories, carbohydrates, sugar, SFA, MUFA,
polyunsaturated fat, and dietary cholesterol while exhibiting lower
consumption of fibre (Table 7).

Regarding CVD risk factors, higher UPF was associated with
increased concentrations of cystatin C and heart rate, and lower lev-
els of HDL-cholesterol (Table 7). Multivariable-adjusted regression
analyses showed that UPF intake was significantly associated with
higher levels of biomarkers of renal function, as well as with diastolic
blood pressure and heart rate, while being inversely related to blood
glucose, total blood, and HDL-cholesterol (Supplementary material
online, Table 2).

After a median follow-up of 10.6years (IQR: 9.2-11.9 years;
11 536 person-years), a total of 333 all-cause deaths occurred,
including 178 CVD, 114 IHD/cerebrovascular, 80 cancer, and 75
other deaths.

In multivariable-adjusted Model 1, participants in the highest quar-
tile of UPF intake (Q4) had a 46% relatively higher hazard of all-cause
mortality compared with those in the lowest quartile (HR: 1.46; 95%
Cl: 1.06-2.00), that was attenuated to 1.38 (95% Cl: 1.00-1.91) after
controlling for the traditional MDS (Table 2).

CVD mortality increased by 65% (95% Cl: 1.07-2.55) in the high-
est UPF quartile as compared with the lowest, independently of the
MDS (Table 2).

Increased UPF intake was also directly associated with IHD/cere-
brovascular death with a hazard of 1.65 (95% Cl: 0.96-2.85) and a sig-
nificant dose—response relation (P for trend = 0.021), while no
association with cancer death nor mortality from other causes was
observed (Table 2).

Multivariable-adjusted survival curves for all-cause and CVD mor-
tality across UPF quartiles are well separated and tend to diverge
over time (Figure 1).

Accordingly, the multivariable dose—response analysis between a
1% increase in the proportion of UPF in the diet and CVD mortality
showed a direct linear dose—response relationship (P for overall asso-
ciation = 0.0003; P for non-linearity = 0.24). In comparison with the
reference value of 7.02%, the relative hazard of CVD mortality signifi-
cantly increased at proportion of UPF > 10.7% and was almost 50%
higher when the proportion of UPF reached 15.4% (Figure 2B).
Similar findings were observed for all-cause mortality (P for overall
association = 0.0028; P for non-linearity = 0.47) (Figure 2A).

The population attributable risk for CVD mortality associated with
the highest UPF intake (Q4) was 8.8% (95% ClI: —7.6 to 9.99%) and
8.7% (95% Cl: —0.5 to 9.97%) for all-cause mortality.

Mediation analysis

When analysing biological mechanisms potentially linking UPF to all-
cause and CVD mortality, we found that part of such relations was
explained by altered renal function, with cystatin C concentrations,
respectively, accounting for 18.3% and 16.6% of the excess of all-
cause and CVD mortality associated with 1% increase in UPF intake
(Table 3). Heart rate explained 13% of the relationship between UPF
intake and all-cause mortality.

Discussion

This is possibly the first study to provide evidence that a diet rich in
UPF, as assessed by the NOVA classification, is independently associ-
ated with an increased hazard for all-cause and CVD mortality among
adults with pre-existing cardiovascular events (Graphical Abstract).

We confirmed our preliminary data showing that a 5% increase in
the proportion of UPF in the diet led to increased all-cause and CVD
mortality rates among high-risk individuals such as those with prior
CVD or individuals with diabetes over 8.2 years of follow-up.”

In this study, we focussed specifically on a sub-population from the
Moli-sani Study with pre-existing CVD and took advantage from an
extended follow-up of 10.6 years; moreover, the mediation analysis
represents a major novelty of this study.

Analyses on this sample of 1171 high-risk individuals extend prior
evidence from general populations confirming an increased hazard of
disease/mortality associated with regular consumption of highly proc-
essed foods.”"*181?

Recent findings from the Framingham Offspring cohort on 3000
CVD-free subjects showed that each additional daily serving of UPF
resulted in an increased risk of CVD incidence and mortality,? in line
with prior studies.”'82®


https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehab783#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehab783#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehab783#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehab783#supplementary-data
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The potential adverse health effects of a diet rich in UPF, as
reflected by the NOVA classification, in a secondary CVD setting
have never been addressed to date; while the health advantages asso-
ciated with a Mediterranean diet have been supported by high-quality

observational studies,zg’30

there is scarce evidence indicating that
Western-type diets, typically rich in processed/highly processed
food, may increase the risk of secondary CVD events.’’

The inclusion of baseline adherence to a traditional Mediterranean
diet in our analyses only marginally attenuated the magnitude of the
association between UPF and all-cause and CVD mortality, suggesting
that UPF are an independent risk factor for secondary CVD events.

UPF tend to be nutrient poor while representing a major source of
SFA, added sugar, dietary cholesterol, energy density, resulting in an
overall lower nutritional quality of the diet'" that may be partially re-
sponsible for the observed detrimental health effects.

Consistently, in our study, people eating larger amounts of UPF
exhibited a lower nutritional profile, although no difference in sodium
intake was observed and this may be due to the lack of data on salt
added during preparation or at the table, or to the fact that UPF in-
clude either sweet (e.g. cakes, breakfast cereals, biscuits) or salty
products, the latter being more prevalent in the processed food cat-
egory (e.g. cheese, ham).

Our analyses were controlled for a measure of overall diet quality
at baseline, as reflected by the Mediterranean diet, which did not sub-
stantially alter the association between UPF and CVD mortality, sug-
gesting that the excess of all-cause and CVD mortality associated
with elevated intake of UPF is only partially mediated by an overall
low diet quality, in accordance with others®

Besides being nutrient poor, UPF are important sources of cos-
metic additives (e.g. glutamates, emulsifiers, sulphites) and neo-
formed compounds (e.g. acrylamide) resulting from food processing
and particularly heat treatments that may promote disease.”

In addition, evidence from mechanistic studies suggests that proc-
essing itself actually matters for health and, even with identical chem-
istry, food structure can make a major difference to biological and
health outcomes.*®

Indeed, the greater deconstruction of the original food matrix and
the cosmetic additives added to these products have been associated
with changes in the composition and metabolic behaviour of the gut
microbiota that promote inflammatory diseases.>*

Finally, UPF are frequently packaged in materials that are a source
of phthalates and bisphenols, which are multifunctional synthetic
chemicals used to make plastics flexible and durable.*®

Studies on the cardiovascular toxicity of plasticizers additives point
to inflammation, oxidative stress, and hormone imbalance as poten-
tial mediators,36 and experimental studies have established an associ-
ation between exposure to plastic chemicals and cardiac
dys‘r’un<:tion.37'38 In addition, bisphenols exhibit nephr‘otoxicity,39 and
long-term exposure to phthalates is associated with nephropathy
and exacerbates chronic kidney disease progression.*

Regarding biological mechanisms, we found that part of the excess
of all-cause and CVD mortality associated with increasing UPF con-
sumption was likely explained by altered renal function as reflected
by higher concentrations of cystatin C among heavy UPF consumers
as compared with people consuming lower amounts of these foods.
These results align with prior observations from the general popula-
tion of the Moli-sani Study,” and are also in agreement with data from

a Spanish population of older adults showing that high UPF consump-
tion is associated with 50% increased risk of renal function decline, in-
dependently of other risk factors that predispose to renal function
impairment.13

Noticeably, we failed to observe any association between UPF in-
take and cancer mortality in line with prior findings from another
large prospective cohort s‘cudy,41 possibly because cancer mortality
is influenced by too many factors, well beyond diet and lifestyles,
which also include diagnostic practices and prevention strategies that
may vary substantially across socioeconomic strata of the population.
It is worth noting that available evidence on the relation between
UPF and cancer is inconsistent, with some observational studies sug-
gesting that elevated UPF consumption may lead to an increased risk
of certain types of cancer, while not being associated with some
other t)/pes.19'42

Finally, it is worth noting that the average energy intake from UPF
in this cohort is in line with estimations from general adult popula-
tions in other Mediterranean countries*; this suggests that, although
CVD individuals in our cohort might have already adopted a healthy
dietary pattern following lifestyle advice from their cardiologists, the
contribution of UPF to their diet is not negligible and deserves par-
ticular attention from the public health experts.

Strengths and limitations

To our knowledge, this appears to be the first study evaluating the as-
sociation of UPF intake in secondary CVD prevention, and testing
several potentially mediating pathways, as measured by a large set of
biomarkers.

Important strengths of the present study include its prospective
design, the examination of numerous biomarkers representative of
different pathophysiological processes, and the detailed information
on several dietary, lifestyle, and clinical factors to minimize
confounding.

Yet our findings should be interpreted in light of several limitations.
This is an observational study thus causality cannot be inferred, and
although analyses were controlled for several factors, we cannot fully
rule out the potential of residual confounding by unmeasured factors.
The relatively small sample size, along with quite small mortality cases
in some of the categories of UPF, is another critical limitation of this
study; however, this is a common feature of studies in a secondary
CVD prevention setting.*>

The FFQ used in this population was not specifically conceived to
collect data based on the NOVA classification, thus many food items
were not included (e.g. pre-prepared dishes, energy bars, slimming
products). Also, dietary data were self-reported and this may lead to
recall and selection bias.

Another weakness is that diet and health data were measured at
baseline only; thus, potential changes occurred over life course might
have modified the strength of the findings; nevertheless, there is
some evidence that diet in adulthood tends to remain stable over
time** as well as most of the biomarkers here tested were not found
to vary substantially over time.* Also, the FFQ used in this study ena-
bles the assessment of long-term dietary intakes, so that the expos-
ure likely precedes the assessment of biomarkers.

For over 90% of the sample, history of CVD at baseline was ascer-
tained through medical records or record linkage with the adminis-
trative registries (general practitioners, hospital discharge registry);
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Table 2 Hazard ratios (95% confidence intervals) for all-cause and cause-specific mortality associated with ultra-proc-
essed food intake among individuals with history of cardiovascular disease from the Moli-sani Study cohort (n = 1171)

using data obtained from multiple imputation

Median, min—max (weight ratio, %)
No. of subjects (%)
All-cause mortality (n=333)
No. of deaths
Person-years
Event rates per 10 000 person-years
Crude model
Age-, sex-, and energy intake-adjusted model
Model 1
Model 2
Cardiovascular mortality (n=178)
No. of deaths
Person-years
Event rates per 10 000 person-years
Crude model
Age-, sex-, and energy intake-adjusted model
Model 1
Model 2
IHD/cerebrovascular mortality (n=114)
No. of deaths
Person-years
Event rates per 10 000 person-years
Crude model
Age-, sex-, and energy intake-adjusted model
Model 1
Model 2
Cancer mortality (n = 80)
No. of deaths
Person-years
Event rates per 10 000 person-years
Crude model
Age-, sex-, and energy intake-adjusted model
Model 1
Model 2
Other cause mortality (n=75)
N of deaths
Person-years
Event rates per 10 000 person-years
Crude model
Age-, sex-, and energy intake-adjusted model
Model 1
Model 2

Quartiles of ultra-processed foods

34 (0.01<47)

292 (25.0)

88
2910
3024

1 (ref)

1 (ref)

1 (ref)

1 (ref)

45
2910
154.6

1 (ref)

1 (ref)

1 (ref)

1 (ref)

28
2910
96.2

1 (ref)

1 (ref)

1 (ref)

1 (ref)

21
2910
722

1 (ref)

1 (ref)

1 (ref)

1 (ref)

22
2910
75.6

1 (ref)

1 (ref)

1 (ref)

1 (ref)

58 (47<70)
293 (25.0)

76
2968

256.1

0.85 (0.62-1.15)
0.87 (0.64-1.19)
0.88 (0.64-1.20)
0.86 (0.63-1.18)

39
2968
1314

0.85
0.86
0.90
0.87

0.55-1.31)
0.56-1.32)
0.58-1.40)
0.56-1.35)

—_ o~~~

23
2968
775
0.81
0.82
0.86
0.82

0.46-1.40)
0.47-1.42)
0.49-1.51)
0.47-1.45)

P

18
2968

60.6

0.84 (0.45-1.57)
0.84 (0.44-1.58)
0.78 (0.41-1.49)
0.76 (0.40-1.45)

19
2968
64.0
0.85
0.94
0.98
0.99

0.46-1.57)
0.50-1.74)
0.52-1.84)
0.52-1.87)

—_ o~~~

8.6 (7.0<113)
293 (25.0)

85
2824
301.0

1.00 (0.74-1.34)
127 (094-1.71)
1.29 (0.95-1.75)
1.24 (091-1.69)

43
2824

1523

0.99 (0.65-1.50)
1.25 (0.82-1.91)
1.31 (0.85-2.01)
1.24 (0.80-191)

31
2824

109.8

1.15 (0.69-1.91)
146 (0.87-2.44)
1.50 (0.89-2.54)
1.40 (0.83-2.38)

23
2824

814

1.13 (0.63-2.05)
1.33 (0.73-2.42)
121 (0.66-2.22)
1.15 (0.62-2.13)

19
2824

67.3

0.89 (0.48-1.64)
122 (0.65-2.27)
1.31 (0.69-2.47)
1.33 (0.70-2.53)

150 (113<352)

293 (25.0)

84

2834

296.4

099 (0.73-1.33)
1.43 (1.05-1.95)
1.46 (1.06-2.00)
1.38 (1.00-1.91)

51
2834
180.0

1.17 (0.78-1.75)
1.69 (1.12-2.56)
1.78 (1.16-2.72)
1.65 (1.07-2.55)

32

2834
1129

1.18 (0.71-1.96)
1.71 (1.01-2.89)
1.80 (1.05-3.08)
1.65 (0.96-2.85)

18
2834
63.5
0.88 (0.47-1.66)
1.12 (0.58-2.16)
1.06 (0.54-2.07)
0.99 (0.50-1.95)

15
2834
529
0.70 (0.36-1.35)
1.17 (0.60-2.30)
1.26 (0.63-2.52)
129 (0.63-2.61)

P for trend

0.82
0.0045
0.0035
0.011

0.33

0.0042
0.0026
0.0083

0.31
0.011
0.0081
0.021

0.96
043
0.55
0.70

0.34
0.49
0.36
0.34

Model 1 adjusted for sex, age (continuous), energy intake (continuous), educational level (categorical), housing tenure (categorical), smoking (categorical), body mass index
(continuous), leisure-time physical activity (continuous), history of cancer (no/yes), diabetes (no/yes), hypertension (no/yes), hyperlipidaemia (no/yes), and residence (categoric-

al). Model 2 as in Model 1 further adjusted for Mediterranean diet score (continuous).

IHD, ischaemic heart disease.
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Figure 2 Multivariable dose—response association of (A) all-cause and (B) cardiovascular mortality with ultra-processed food consumption (1% in-
crease in the proportion of ultra-processed food in the diet) among 1171 individuals with history of cardiovascular disease from the Moli-sani cohort,
generated using the first imputed dataset. The other imputed datasets were similar and thus omitted. Hazard ratios with 95% confidence interval
were obtained from the multivariable model adjusted for sex, age, energy intake, educational level, housing tenure, smoking, leisure-time physical ac-
tivity, body mass index, history of cancer, diabetes, hypertension, hyperlipidaemia, residence, and the Mediterranean diet score. Ultra-processed
food consumption was considered as a continuous exposure and the reference value for hazard ratios was 7.02% (median value of the exposure).
The dashed lines indicate 95% confidence bands. Three knots were used, located at the 5th, 50th, and 95th percentiles of the ultra-processed food
intake.

however, for a small proportion of subjects, it was not possible to Moreover, we were unable to address the contribution of non-
verify their self-reported admission to the hospital when it was the . nutrient factors possibly linking UPF to mortality, such as neo-formed
unique reported criterion to confirm pre-existing CVD. . compounds, plasticizers, and food additives.
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Finally, the usefulness of the NOVA classification is actually
debated since this food classification scheme is not based on un-
equivocal, distinct physico-chemical aspects of foods and has been
revised and refined over time.*¢ However, this classification allows
comparison with previous studies and increases the level of evidence.
Caution is needed in generalizing these findings to other populations.

Conclusions

In this cohort of adult individuals with pre-existing CVD, a high pro-
portion of UPF in the diet is associated with an increased hazard of
all-cause and CVD mortality, possibly through mechanisms that in-
clude altered renal function. Such association is independent from
the overall diet quality at baseline, as reflected by a traditional
Mediterranean diet.

Although guidelines for CVD prevention generally emphasize con-
suming minimally processed foods, such as fruits and nuts, vegetables,
whole grains, and fish, they do not explicitly suggest to markedly re-
duce UPF in the diet*” and the same stands for guidelines for second-
ary prevention for patients with pre-existing CVD.*

Despite deriving from an observational study in the field of nutri-
tion epidemiology, which is prone to several biases, our data suggest
that excessive consumption of UPF may represent a major public
health concern in secondary CVD prevention and support the need
to stress the importance of limiting UPF in dietary guidelines, as done
in some*” but not in the majority of countries.

Further longitudinal studies with similar designs are warranted to
replicate and potentially confirm these findings in different popula-
tions with pre-existing CVD.

Supplementary material

Supplementary material is available at European Heart Journal online.

Authors’ contribution

Authorship: LI, MB, SC and GdG conceived and designed the study.
MP, SM and AdeC acquired the data. SC managed the data. MB and
ADIC analysed the data. MB drafted the manuscript. CC, MBD, GdG
and Ll critically revised the manuscript. All authors gave final approval
and agree to be accountable for all aspects of the work ensuring in-
tegrity and accuracy.

Acknowledgements

We are grateful to the Moli-sani Study participants who enthusiastic-
ally joined the study and to the Associazione Cuore Sano ONLUS
(Campobasso, Italy) for its support to the research activities.

Funding

The enrolment phase of the Moli-sani Study was supported by research
grants from Pfizer Foundation (Rome, Italy), the ltalian Ministry of
University and Research (MIUR, Rome, ltaly—Programma Triennale di
Ricerca, Decreto no.1588) and Instrumentation Laboratory, Milan, Italy.
The present analyses were partially supported by a grant to LI Progetto

SATIN: Sviluppo di Approcci Terapeutici INnovativi per patologie neo-
plastiche resistenti ai trattamenti (POR FESR Campania 2014-2020
PIATTAFORME ONCOLOGICHE: Decreto 459 del 27/11/2018) and by
the Italian Ministry of Health (Ricerca Corrente 2019-2022). Funders had
no role in study design, collection, analysis, and interpretation of data, nor
in the writing of the manuscript or in the decision to submit the article
for publication. All authors were and are independent from funders.

Conflict of interest: The Authors declare no conflict of interest.

Data availability

The data underlying this article will be shared on reasonable request
to the corresponding author. The data are stored in an institutional
repository (https://repository.neuromedit) and access is restricted by
the ethical approvals and the legislation of the European Union.

References
1. Baraldi LG, Martinez Steele E, Canella DS, Monteiro CA. Consumption of ultra-
processed foods and associated sociodemographic factors in the USA between
2007 and 2012: evidence from a nationally representative cross-sectional study.
BM]J Open 2018;8:€020574.
2. Rauber F, da Costa Louzada ML, Steele EM, Millett C, Monteiro CA, Levy RB.
Ultra-processed food consumption and chronic non-communicable diseases-
related dietary nutrient profile in the UK (2008-2014). Nutrients 2018;10:587.
. Machado PP, Steele EM, Levy RB et al. Ultra-processed foods and recommended
intake levels of nutrients linked to non-communicable diseases in Australia: evi-

w

dence from a nationally representative cross-sectional study. BMJ Open 2019;9:
€029544.

4. Blanco-Rojo R, Sandoval-Insausti H, Lépez-Garcia E et al. Consumption of ultra-
processed foods and mortality: a national prospective cohort in Spain. Mayo Clin
Proc 2019;94:2178-2188.

5. Ruggiero E, Esposito S, Costanzo S et al. Ultra-processed food consumption and
its correlates among lItalian children, adolescents and adults from the [talian
Nutrition & Health Survey (INHES) cohort study. Public Health Nutr. doi:10.1017/
$1368980021002767.

6. Monteiro CA, Cannon G, Levy R et al. NOVA. The star shines bright. Food clas-
sification. Public Health World Nutr 2016;7:28-38.

7. Monteiro CA. Nutrition and health. The issue is not food, nor nutrients, so
much as processing. Public Health Nutr 2009;12:729-731.

8. Juul F, Vaidean G, Lin Y, Deierlein AL, Parekh N. Ultra-processed foods and inci-
dent cardiovascular disease in the Framingham Offspring Study. | Am Coll Cardiol
2021;77:1520-1531.

9. Bonaccio M, Di Castelnuovo A, Costanzo S et al. Ultra-processed food con-
sumption is associated with increased risk of all-cause and cardiovascular mortal-
ity in the Moli-sani Study. Am J Clin Nutr 2021;113:446—455.

10. Pagliai G, Dinu M, Madarena MP, Bonaccio M, lacoviello L, Sofi F. Consumption
of ultra-processed foods and health status: a systematic review and meta-analysis.
Br J Nutr 2021;425:308-318.

11. Martinez 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:€0236738.

12. Juul F, Vaidean G, Parekh N. Ultra-processed foods and cardiovascular diseases:
potential mechanisms of action. Adv Nutr 2021;12:1673-1680.

13. Rey-Garcia ], Donat-Vargas C, Sandoval-Insausti H et al. Ultra-processed food
consumption is associated with renal function decline in older adults: a prospect-
ive cohort study. Nutrients 2021;13:428.

14. lacoviello L, Bonanni A, Costanzo S et al. The MOLI-SANI Project, a randomized,
prospective cohort study in the Molise region in ltaly; design, rationale and
objectives. ltalian | Public Health 2007;4:110-118.

15. Pisani P, Faggiano F, Krogh V et al. Relative validity and reproducibility of a food
frequency dietary questionnaire for use in the Italian EPIC centres. Int | Epidemiol
1997;26:5152-5160.

16. Pala V, Sieri S, Palli D et al. Diet in the Italian EPIC cohorts: presentation of data
and methodological issues. Tumori 2003;89:594-607.

17. Salvini S, Parpinel M, Gnagnarella P, Maissoneuve P, Turrini A. Banca Dati
Composizione Degli Alimenti per Studi Epidemiologici in Italia. Milano: European
Institute of Oncology; 1998.


https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehab783#supplementary-data
https://repository.neuromed.it

Association of UPF intake and mortality among individuals with history of CVD

13

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

. Srour B, Fezeu LK, Kesse-Guyot E et al. Ultra-processed food intake and risk of

cardiovascular disease: prospective cohort study (NutriNet-Santé). BM/ 2019;
365:11451.

. Fiolet T, Srour B, Sellem L et al. Consumption of ultra-processed foods and

cancer risk: results from NutriNet-Santé prospective cohort. BM/ 2018;360:
k322.

Trichopoulou A, Costacou T, Bamia C, Trichopoulos D. Adherence to a
Mediterranean diet and survival in a Greek population. N Engl | Med 2003;348:
2599-2608.

Zeller T, Hughes M, Tuovinen T et al. BiomarCaRE: rationale and design of the
European BiomarCaRE project including 300,000 participants from 13 European
countries. Eur | Epidemiol 2014;29:777-790.

Blankenberg S, Zeller T, Saarela O et al. Contribution of 30 biomarkers to 10-
year cardiovascular risk estimation in 2 population cohorts: the MONICA, risk,
genetics, archiving, and monograph (MORGAM) biomarker project. Circulation
2010;121:2388-2397.

Herndn MA, Herndndez-Dfaz S, Werler MM, Mitchell AA. Causal knowledge as a
prerequisite for confounding evaluation: an application to birth defects epidemi-
ology. Am | Epidemiol 2002;155:176—184.

MacKinnon DP, Fairchild A, Fritz MS. Mediation analysis. Annu Rev Psychol 2007;
58:593-614.

Baron RM, Kenny DA. The moderator-mediator variable distinction in social psy-
chological research: conceptual, strategic, and statistical considerations. | Pers Soc
Psychol 1986;51:1173-1182.

Yung YF, Lamm M, Zhang W; SAS Institute Inc. Causal mediation analysis with
the CAUSALMED procedure. In: SAS Global Forum, Cary, NC; 2018.

Desquilbet L, Mariotti F. Dose-response analyses using restricted cubic spline
functions in public health research. Stat Med 2010;29:1037-1057.

Kim H, Hu EA, Rebholz CM. Ultra-processed food intake and mortality in the
USA: results from the Third National Health and Nutrition Examination Survey
(NHANES Ill, 1988-1994). Public Health Nutr 2019;22:1777-1785.

Trichopoulou A, Bamia C, Trichopoulos D. Mediterranean diet and survival
among patients with coronary heart disease in Greece. Arch Intern Med 2005;
165:929-935.

Lopez-Garcia E, Rodriguez-Artalejo F, Li TY et al. The Mediterranean-style diet-
ary pattern and mortality among men and women with cardiovascular disease.
Am | Clin Nutr 2014;99:172-180.

. Panagiotakos DB, Notara V, Kouvari M, Pitsavos C. The Mediterranean and other

dietary patterns in secondary cardiovascular disease prevention: a review. Curr
Vasc Pharmacol 2016;14:442-451.

Hoffman R, Gerber M. Food processing and the Mediterranean diet. Nutrients
2015;7:7925-7964.

Wahlgvist ML. Food structure is critical for optimal health. Food Funct 2016;7:
1245-1250.

34.
35.
36.
. Jaimes R, McCullough D, Siegel B et al. Plasticizer interaction with the heart:

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Zinécker MK, Lindseth |A. The Western diet-microbiome—host interaction and
its role in metabolic disease. Nutrients 2018;10:365.

Schettler T. Human exposure to phthalates via consumer products. Int | Androl
2006;29:134-139.

Posnack NG. Plastics and cardiovascular disease. Nat Rev Cardiol 2021;18:69-70.

chemicals used in plastic medical devices can interfere with cardiac electrophysi-
ology. Circ Arrhythm Electrophysiol 2019;12:¢007294.

Gao X, Ma ], Chen Y, Wang HS. Rapid responses and mechanism of action for
low-dose bisphenol S on ex vivo rat hearts and isolated myocytes: evidence of
female-specific proarrhythmic effects. Environ Health Perspect 2015;123:571-578.
Gowder §J. Nephrotoxicity of bisphenol A (BPA)—an updated review. Curr Mol
Pharmacol 2013;6:163-172.

Wu CT, Wang CC, Huang LC, Liu SH, Chiang CK. Plasticizer di-(2-ethylhex-
yl)phthalate induces epithelial-to-mesenchymal transition and renal fibrosis
in vitro and in vivo. Toxicol Sci 2018;164:363-374.

Rico-Campa A, Martinez-Gonzélez MA, Alvarez-Alvarez | et al. Association be-
tween consumption of ultra-processed foods and all cause mortality: SUN pro-
spective cohort study. BMJ 2019;365:11949.

Romaguera D, Fernandez-Barrés S, Gracia-Laveddn E et al. Consumption of
ultra-processed foods and drinks and colorectal, breast, and prostate cancer. Clin
Nutr 2021;40:1537-1545.

Tang C, Wang X, Qin LQ, Dong ]Y. Mediterranean diet and mortality in people
with cardiovascular disease: a meta-analysis of prospective cohort studies.
Nutrients 2021;13:2623.

Edefonti V, De Vito R, Salvatori A et al. Reproducibility of a posteriori dietary
patterns across time and studies: a scoping review. Adv Nutr 2020;11:1255-1281.
Al-Delaimy WK, Jansen EH, Peeters PH et al. Reliability of biomarkers of iron
status, blood lipids, oxidative stress, vitamin D, C-reactive protein and fructos-
amine in two Dutch cohorts. Biomarkers 2006;11:370-382.

Gibney MJ. Ultra-processed foods: definitions and policy issues. Curr Dev Nutr
2019;3:nzy077.

Arnett DK, Blumenthal RS, Albert MA et al. 2019 ACC/AHA guideline on the
primary prevention of cardiovascular disease: a report of the American College
of Cardiology/American Heart Association Task Force on Clinical Practice
Guidelines. f Am Coll Cardiol 2019;74:e177-e232.

Smith SC Jr, Allen J, Blair SN et al; AHA/ACC; National Heart, Lung, and Blood
Institute. AHA/ACC guidelines for secondary prevention for patients with cor-
onary and other atherosclerotic vascular disease: 2006 update: endorsed by the
National Heart, Lung, and Blood Institute. Circulation 2006;113:2363-2372.
Oliveira MSDS, Santos LADS. Dietary guidelines for Brazilian population: an ana-
lysis from the cultural and social dimensions of food. Cien Saude Colet 2020;25:
2519-2528.



	tblfn1
	tblfn2
	tblfn3
	tblfn4
	tblfn5
	tblfn6

