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Background: Helping consumers to improve the nutritional quality of their diet is
a key public health action to prevent cardiovascular diseases (CVDs). The modified
version of the Food Standard Agency Nutrient Profiling System Dietary Index (FSAmM-
NPS DI) underpinning the Nutri-Score front-of-pack label has been used in public
health strategies to address the deleterious consequences of poor diets. This study
aimed to assess the association between the FSAmM-NPS DI and some CVD risk
factors including body mass index (BMI), waist circumference, plasma glucose levels,
triglyceride levels, high-density lipoprotein (HDL) and low-density lipoprotein (LDL)
cholesterol, and diastolic and systolic blood pressure.

Materials and Methods: Dietary intake was assessed at baseline and after
1 year of follow-up using a 143-item validated semi-quantitative food-frequency
questionnaire. Dietary indices based on FSAM-NPS applied at an individual level were
computed to characterize the diet quality of 5,921 participants aged 55-75 years
with overweight/obesity and metabolic syndrome from the PREDIMED-plus cohort.
Associations between the FSAM-NPS DI and CVD risk factors were assessed using
linear regression models.

Results: Compared to participants with a higher nutritional quality of diet (measured by
a lower FSAM-NPS DI at baseline or a decrease in FSAmM-NPS DI after 1 year), those
participants with a lower nutritional quality of diet (higher FSAmM-NPS DI or an increase
in score) showed a significant increase in the levels of plasma glucose, triglycerides,
diastolic blood pressure, BMI, and waist circumference (8 coefficient [95% confidence
interval]; P for trend) (1.67 [0.43, 2.90]; <0.001; 6.27 [2.46, 10.09]; <0.001; 0.56 [0.08,
1.05]; 0.001; 0.51 [0.41, 0.60]; <0.001; 1.19 [0.89, 1.50]; <0.001, respectively). No
significant associations in relation to changes in HDL and LDL-cholesterol nor with
systolic blood pressure were shown.

Conclusion: This prospective cohort study suggests that the consumption of food
items with a higher FSAmM-NPS Dl is associated with increased levels of several major
risk factors for CVD including adiposity, fasting plasma glucose, triglycerides, and
diastolic blood pressure. However, results must be cautiously interpreted because no
significant prospective associations were identified for critical CVD risk factors, such as
HDL and LDL-cholesterol, and systolic blood pressure.

Keywords: front of pack food labeling, cardiovascular risk factor, body weight, FSAm-NPS dietary index,
PREDIMED-Plus study

for approximately 32% of all global deaths, representing a huge
economic and social cost (3).

A healthy diet is recognized as a lever for public health

Cardiovascular disease (CVD) is the leading cause of mortality by using a modifiable determinant of CVD and other chronic
and is considered a major global public health problem (1, 2). diseases that can be addressed through primary prevention
According to the estimation in 2019, CVD burden was found interventions (4). In contrast, an unhealthy diet characterized by
to be responsible for 17.9 million deaths worldwide, accounting an excess of energy, added sugar, salt and saturated fats, and a
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lack of fruits, vegetables, and fibers has been recognized as an
important causal CVD risk factor through the modulation of
adiposity and other cardiometabolic risk factors (5).

Over the past decade, different strategies have been proposed
to increase adherence to a healthy diet and reduce the risk of
CVD. One of the recent initiatives in this regard is the adoption
of front-of-pack (FOP) nutrition labels (6). Although labels on
the back of the pack are already mandatory in all European
countries according to RE 1169/2011 (7), there is evidence that
this information is not easily understandable by consumers.
In contrast, nutrition labels found on the front of pack of
products are considered more helpful and efficient for consumers
since nutritional information is summarized and available at
a glance (8, 9). FOP labeling aims to help consumers make
healthier choices at the point of purchase and to incentivize
food manufacturers to reduce the content of nutrients that might
compromise diet quality (e.g., salt, saturated fatty acids, and
sugar) and/or increase the content of beneficial nutrients (e.g.,
fibers and vitamins) (10, 11).

Front-of-pack nutrition labels reflect the nutritional quality
of food using a nutrient profiling system (NPS) (12). Nutrient
profiling is widely used to support public health initiatives
to promote healthy eating (12). Among the available nutrient
profiling systems, the NPS developed by the UK Food Standard
Agency (FSA-NPS) has been consistently validated in Europe
(13). This system was originally developed to discriminate
foods based on their nutritional composition in the context of
television commercials targeting children (14). In France, after
some modifications of the FSA-NPS by the French High Council
for Public Health (Haut Conseil de la Santé Publique, HCSP)
and demonstrating its applicability within the French context,
the modified FSA-NPS (FSAm-NPS) was established and a
dietary index (DI) based on the FSAm-NPS (FSAm-NPS DI) was
developed to validate the algorithm underlying the Nutri-Score
FOP label (15, 16). The score for a given food or beverage is
calculated by allocating points for the content per 100 g or 100 ml.
This algorithm considers both positive scoring components
(protein, fiber, percentage of fruit, vegetables, legumes, nuts,
rapeseed oil, walnut oil, and olive oil) and negative components
(energy, sugars, saturated fatty acids, and salt) (17), and has
been proved effective to rank products by nutritional quality
and improve food purchases in real-life grocery shopping
settings (18).

In addition, several large European prospective studies
have shown associations between a higher FSAm-NPS (lower
nutritional quality) and an increased risk of cancer (19), CVD
(20), cancer mortality (21), CVD mortality (22), and all-
cause mortality (23). In contrast, a lower FSAm-NPS (better
nutritional quality) has been associated with a lower risk of
long-term weight gain and metabolic syndrome incidence in
the SU.VL.MAX French cohort study (24, 25). However, there
is less information available about the association between
the FSAm-NPS DI and CVD risk factors. The aim of this
study was to evaluate the association between the FSAm-
NPS DI and different CVD risk factors including body mass
index (BMI), waist circumference, glucose, triglycerides, HDL-
and LDL-cholesterol levels, as well as diastolic and systolic

blood pressure in elderly adults with overweight/obesity and
metabolic syndrome.

MATERIALS AND METHODS

Study Population and Design: The
PREDIMED Plus Study

A prospective analysis was conducted using the data of the
PREDIMED-Plus (PREvencion con DIeta MEDiterrdnea) cohort.
The PREDIMED-Plus trial is an ongoing randomized, controlled
trial conducted in 23 Spanish centers that aims to compare
the effect of an intensive weight loss intervention (based on an
energy-reduced Mediterranean diet, physical activity promotion,
and behavioral support) on the incidence of CVD events,
to a control group that receives usual care advice and non-
caloric reduced Mediterranean diet recommendations. A detailed
description of the PREDIMED-Plus study is available at https:
/Iwww.predimedplus.com. Between October 2013 and December
2016, 6,874 participants were recruited in Spain and were
randomly assigned to either an intensive lifestyle intervention
or standard medical care in a 1:1 ratio. Eligible participants
were overweight or obese (BMI 27-40 kg/m?) men and women
aged 55-75 years who met at least three metabolic syndrome
criteria as follows: waist circumference > 102 c¢cm in men
and >88 cm in women; serum triglycerides > 150 mg/dl or
drug treatment for elevated triglycerides; HDL-c < 40 mg/dl in
men and <50 mg/dl in women or drug treatment for low HDL-
cholesterol; blood pressure > 130/85 mmHg or antihypertensive
drug treatment; and fasting plasma glucose level > 100 mg/dl
or hypoglycemic treatment and without documented history of
CVD. Extensive descriptions of inclusion and exclusion criteria
can be found elsewhere (26). All subjects gave written informed
consent, and the final protocol and methods were approved
by the institutional review boards of each participating center.
A total of 953 participants who did not complete a food frequency
questionnaire (FFQ) at baseline and after 1 year of follow-up
or with total calorie intake outside the pre-specified energy
limits (women < 500 and >3,500 kcal/day, and men < 800
and >4,000 kcal/day) were excluded from the analyses (27)
Figure 1.

Dietary Intake Assessment

Dietary intake was assessed at baseline and after 1 year of
follow-up using a validated FFQ administered face-to-face
by trained dietitians (27). The participants reported their
average consumption in terms of frequency and quantity for
143 food and beverage items during the previous year. The
frequency of consumption was shown through nine categories
ranging from never or almost never to more than six times
a day, and a commonly used portion size was specified
(e.g., slices, glass, and teaspoons) to indicate serving sizes for
each of the items.

The nutrient intake was calculated as the sum of the frequency
of daily consumption of each item multiplied by the nutrient
composition of the specified serving size according to the Spanish
food composition database (28). The total energy intake was
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Randomized PREDIMED-
plus Participants
n=6874

Excluded n=953

(without FFQ and who exceded the energy
limits at baseline and one year of follow-up)

Included participants

n= 5921
Glucose HDL LDL Diastolic Waist
Baseline levels cholesterol TG levels cholesterol BP Systolic BMI circumference
n=35901 n=5881 n=5893 n=5635 n=5884 BP n=5921 n=5921
l n=5884
. Glucose HDL LDL Diastolic Systolic Waist
?ﬁ“ '1 year of levels cholesterol TG levels cholesterol BP BP BMI circumference
ollow-up 1=5794 n=5724 n=5770 1=5370 n=5834 n=5834 n=5921 n=5921

FIGURE 1 | Flow chart of participant’s inclusion.

also estimated from the quantity and frequency of food and
beverage consumption.

Dietary Index Based on the French
Context, the Modified FSA-NPS

Computation

The FSAm-NPS is a modified version of the original FSA-
NPS (29). Modifications made by the French National Nutrition
and Health Program and the French High Council for Public
Health impacted the score standards for cheese, added fats, and
beverages. For all foods and beverages in the PREDIMED-plus
FFQ, the FSAm-NPS was computed per 100 g of the product
as follows: 0-40 points was given for the content of critical
nutrients that should be limited (0-10 points for each: sugars,
saturated fats, sodium, and energy), and 0-15 points was given
for the content of beneficial nutrients that should be encouraged
(0-5 points for each: fibers, proteins, and the percentage of
fruits, vegetables, legumes, nuts, rapeseeds, walnuts, and olive oil
that make up the total product). The total score was calculated
by subtracting the “negative” (nutrients to avoid) scores from
the “positive” (nutrients to promote) scores. As a result, the
final FSAm-NPS for each food/beverage was calculated using
a discrete continuous scale with a theoretical range of —15
(healthiest) to 40 (least healthy). To generate a dietary index
at the individual level, the FSAm-NPS DI was calculated for
each participant accounting for their whole diet through energy-
weighted means of the FSAm-NPS of all foods and beverages
consumed with the following equation:

> | FSiEi
Z?: 1 Ei

where “i” signifies a food or beverage consumed by the participant,
“FSi” the food (or beverage) score, “Ei”, the mean daily energy

Dietary Index = (1)

intake from this food (or beverage), and “n” the number of different
foods.

Therefore, a higher FSAm-NPS-DI reflects lower nutritional
quality of the individual’s overall diet.

Outcome (Cardiovascular Diseases Risk
Factors) Assessment at Baseline and

After 1 Year of Follow-Up

Qualified PREDIMED-Plus staff followed the study protocol to
measure anthropometric variables and blood pressure. CVD risk
factors such as glucose levels, triglyceride levels, HDL-cholesterol,
LDL-cholesterol, diastolic and systolic blood pressure, BMI,
and waist circumference were assessed at baseline and after 1
year of follow-up.

Waist Circumference

It was measured midway between the lowest rib and the iliac crest
using an anthropometric tape, and body weight was measured
twice using high-quality electronic calibrated scales and height
was measured twice using a wall-mounted stadiometer.

Body Mass Index
It was computed by dividing the weight in kilograms by the
square of height in meters.

Systolic and Diastolic Blood Pressure

They were measured three times using a validated semiautomatic
oscillometer (Omron HEM-705CP, Kyoto, Japan) and the mean
of repeated measures was used.
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Fasting Plasma Levels of Glucose, Total Cholesterol,
High-Density Lipoprotein-Cholesterol, and
Triglycerides

They were measured using standard enzymatic methods.
LDL-cholesterol was calculated using the Friedewald formula
(whenever triglycerides were less than 300 mg/dl and whenever
triglycerides were more than 300 mg/dl, LDL-cholesterol was
calculated with the standard method).

Assessment of Covariates

Covariates were assessed by trained staff in a face-to face
interview using self-reported general questionnaires that collect
information on socio-demographics (sex, age, marital status,
and level of education), lifestyle (smoking habits and physical
activity), and medication use. Leisure time physical activity
was estimated using the validated Minnesota-REGICOR Short
Physical Activity questionnaire (30).

Statistical Analyses

For our analyses, we used the PREDIMED-Plus database updated
in December 2020. Analysis of descriptive baseline characteristics
of sociodemographic, dietary, and biomedical variables was
carried out and reported as means = SD or median [P25-
P75] and percentages (number) for continuous and categorical
variables, respectively.

Participants were categorized by tertiles of the FSAm-NPS DI,
ranging from tertile 1 (T1) for the best nutritional quality to
tertile 3 (T3) for the lowest nutritional quality. The Chi-square
test for categorical variables and one-way ANOVA for continuous
variables were used to compare the baseline characteristics
between the tertiles.

Linear regression models were fitted to assess the associations
[B-coefhicient (95% confidence interval (CI)] between FSAm-NPS
DI (in tertiles and as continuous variables) and CVD risk factors
at baseline. We also used linear regression models to explore
the prospective associations between changes in the FSAm-NPS
DI (in tertiles and as continuous variable) and changes in CVD
risk factors after 1 year of follow-up. Changes in the FSAm-
NPS-DI were calculated by subtracting 1 year from the baseline
values. Missing data after 1 year of follow-up for BMI (four
participants) and diastolic BP (one participant) were imputed
using the mean value method.

Three models were fitted as follows: crude model, model 1, and
the fully adjusted model. Model 1 was adjusted for age (years),
sex, BMI (kg/m?), educational level (primary or lower, secondary
or academic, or graduate), smoking habit (never, former, or
current), total energy consumption (kcal/day), physical activity
(METs. min/week), and marital status (married, widowed, single
or divorced or separated, or religious). The fully adjusted
model was further adjusted for medication for the treatment
of hypercholesterolemia, hypertension and diabetes, size of the
recruitment centers (<250, 250 to <300, 300 to <400, >400),
and intervention group. In the prospective analysis, each CVD
risk factor was adjusted for its baseline level (in model 1 and
fully adjusted).

To indirectly assess the effect of olive oil on the associations
with cardiovascular risk factors, we conducted a sensitivity

analysis where olive oil was valued —8 (the healthiest value
in the score, such as for fruits, vegetables, or legumes) in the
computation of the FSAm-NPS-DI.

The statistical significance threshold for the results was set at
p < 0.05. All analyses were conducted with robust estimates of
the variance to correct for intra-cluster correlation and using the
Stata 14 software program (StataCorp).

RESULTS

A total of 5,921 participants (52% men and 48% women, with
the mean age of 65 years) were included in this study. Baseline
characteristics of the participants overall and according to the
tertiles of the FSAm-NPS are shown in Table 1. Participants
with a higher FSAm-NPS DI were more likely to be men of
younger age, to have a higher level of education, to smoke, to
be less physically active, and to have a higher alcohol intake. As
expected, participants with a lower FSAm-NPS DI, reflecting a
higher nutritional quality (Tertile 1), consumed higher amounts
of vegetables, fruits, legumes, unrefined cereals, dairy products,
white meat, fish and shellfish, nuts, and fiber. In contrast,
participants with a higher FSAm-NPS DI (Tertile 2 and 3),
reflecting a lower nutritional quality, consumed higher amounts
of refined cereals, biscuits, red meat and processed meat, olive
oil, alcohol, and sugar, and showed higher intakes of total energy
and saturated fat. In relation to biochemical parameters, the
participants in the higher tertile of the FSAm-NPS DI showed
higher serum concentrations of triglycerides and LDL-cholesterol
and lower levels of HDL-cholesterol (Table 1).

The cross-sectional association between the FSAm-NPS DI
and CVD risk factors at baseline is shown in Table 2.
Compared to those participants with a lower FSAm-NPS DI
(T1) reflecting a healthier diet, those with a higher FSAm-NPS
DI (T3) showed lower HDL-cholesterol levels (B: —0.77 [95%
CI = —1.47, —0.06]; P for trend = 0.027). This association
was consistent for the HDL-cholesterol and FSAm-NPS DI as
a continuous variable (f: —0.21 [95% CI = —0.37, —0.05]).
A direct association was observed between the FSAm-NPS DI
as continuous and baseline BMI and waist circumference (B:
0.08 [95% CI = 0.03, 0.13] and f: 0.22 [95% CI = 0.09,
0.35], respectively).

Associations between 1 year changes in the FSAm-NPS DI
and changes in the CVD risk factors are shown in Table 3.
Compared to participants with a score change resulting in a
lower FSAm-NPS DI (T1), those participants with a higher
FSAm-NPS DI (T3) after 1 year of follow-up showed a
significant increase in the levels of plasma glucose, triglycerides,
diastolic blood pressure, BMI, and waist circumference (B:
1.67 [95% CI = 0.43, 2.90]; P for trend < 0.001; P: 6.27
[95% CI = 2.46, 10.09]; P for trend < 0.001; B: 0.56 [95%
CI = 0.08, 1.05]; P for trend = 0.001; B: 0.51 [95% CI = 0.41,
0.60]; P for trend < 0.001; B: 1.19 [CI = 0.89, 1.50]; P for
trend < 0.001, respectively).

In Figure 2, we present the p coefficient (95% CI) for the
prospective associations between changes in the FSAm/NPS
DI (continuous) and changes in the CVD risk factors after
1 year of follow-up. Consistent with the results described
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TABLE 1 | Baseline characteristics of participants overall and by tertiles of FSAm-NPS DI score, PREDIMED-plus studl.

All Tertiles of the FSAm-NPS DI
n =5,921 T1 Higher quality T2 Moderate quality T3 Lower quality P-value
n=1,974 n=1,974 n =1,973

FSAmM-NPS DI range 1.561-16.6 1.561-7.37 7.38-8.87 8.88-16.6 <0.001
Sex
Men 51.7 (3,065) 44.0 (869) 51.3(1,012) 60.0 (1,184) <0.001
Women 48.3 (2,856) 56 (1,105) 48.7 (962) 40.0 (789)
Age (years) 65.0 + 4.89 65.6 +£4.78 65 + 4.87 64.5 + 4.95 <0.001
Marital status
Married 76.8 (4,545) 74.7 (1,475) 77 (1,518) 78.7 (1,552) 0.005
Widowed 10.4 (616) 12.5 (245) 10.4 (206) 8.36 (165)
Single/divorced/separated/Religious 12.5 (741) 12.6 (249) 12.3 (242) 12.7 (250)
Educational level
Up to primary 49.7 (2,942) 54.1 (1,066) 50 (986) 45.1 (890) <0.001
Secondary 28.7 (1,701) 27 (531) 28.2 (557) 31.1(613)
University 21.6 (1,278) 19.1 (377) 21.8 (431) 23.9 (470)
Smoking status
Never 44.7 (2,646) 50.7 (1,000) 44.4 (877) 40 (769) <0.001
Current 12.4 (734) 9.02 (178) 13.2 (260) 15.0 (296)
Former 42.9 (2,541) 40.3 (796) 42.4 (837) 46.0 (908)
Physical activity (MET min/week) 2,508 + 2,322 2,648 £+ 2,408 2,469 + 2,207 2,411 £ 2,342 0.045
Waist circumference (cm)
Men 111 +£8.72 110+ 8.6 111+ 8.4 111 £ 9.0 0.201
Women 104 £ 9.2 103 +£9.2 104 + 9.1 104 £ 9.1 0.12
BMI (kg/mz) 32.4 £ 3.44 32.4 £ 3.43 32.5 £ 3.41 32.5 + 3.46 0.376
Dietary assessment
Vegetables (g/day) 329 + 137 372 £ 147 331 £ 129 283 £ 120 <0.001
Fruits (g/day) 359 + 205 419 £+ 226 361 + 194 298 + 171 <0.001
Legumes (g/day) 20.6 + 11.0 22.8 +12.3 20.5 + 10.9 18.3 + 9.21 <0.001
Total cereals (g/day) 151+ 78 148 £ 79 165+ 79 149 + 76 0.006
Refined cereals (g/day) 110+ 87.8 104 £91.0 112 +88.7 112 +£83.3 0.001
Unrefined cereals (g/day) 411 +63.4 43.88 £+ 60.97 42.7 £ 66.3 36.6 + 62.6 0.001
Biscuits (g/day) 26.8 +29.7 13.3+15.1 23.6 + 21 43.5+38.8 <0.001
Dairy products (g/day) 344 + 200 385 + 217 334 + 189 314 + 187 <0.001
Red meat and derivatives (g/day) 82.3+44.8 76.93 + 43.57 83.1 + 43.46 86.9 + 46.8 <0.001
White meat intake (g/day) 62 + 34 67.7 £ 36.3 62.6 + 33.5 55.4 +31.2 <0.001
Fish and shellfish intake (g/day) 102 +47.4 113 £ 50.6 102 + 44.8 91.4 +£43.9 <0.001
Nuts intake (g/day) 15+£17 21.2+216 14 £14.4 9.99 + 11.4 <0.001
Total olive oil (g/day) 40.1 +16.8 33.4 +15.2 423+ 15.6 447 £17.2 <0.001
Refined olive oil (g/day) 8.156 £ 156.1 6.22 £ 121 7.96 £ 156.1 10.3+17.4 <0.001
Virgin olive oil (g/day) 31.9 +£20.7 272 £18.2 34.3 £20.6 34.4 £22.2 <0.001
Alcohol (g/day) 11.2 £ 151 8.92 + 13.42 109 +£14.3 13.7 £17 <0.001
Dietary fiber intake (g/day) 26.1 £8.72 28.7 £8.94 26.2 £8.58 23.5+7.88 <0.001
Ultra-processed food (g/day) 158 + 158 107 £ 117 148 £ 137 218 + 186 <0.001
Total sugar intake (g/day) 6.73 + 12 432 £8.76 6.67 + 11.7 9.21 + 14.3 <0.001
Total energy (kcal/day) 2,367 + 550 2,207 £ 519 2,363 + 521 2,531 £ 560 <0.001
Saturated fat intake (g/day) 26.2 + 8.45 22.2 +£6.83 26.0 +7.30 30.5 + 8.93 <0.001
Sodium intake (mg/day) 2,426 £ 773 2,340 £ 770 2,427 + 756 2,509 + 784 <0.001
Biomedical parameters
Glucose levels, mg/dL (n + 5,901) 1183+ 29 114 £ 30.2 1183 £28.7 1183 +279 0.28
TG levels, mg/dL (n + 5,893) 135 [102-178] 136 [102-177] 133 [100-179] 137 [106-178] 0.011
HDL-cholesterol, mg/dL (n + 5,881) 47 [40-55] 48 [41-56] 47 [41-55] 45 [39-53] <0.001
LDL-cholesterol, mg/dL (n + 5,635) 117 [96-140] 115 [94-140] 118 [97-140] 118 [98-141] 0.028
Systolic BP, mmHg (n + 5,884) 139 +16.9 139+ 16.9 140 £17.24 140 + 16.45 0.119
Diastolic BR, mmHg (n & 5,884) 80.7 £9.88 80.4 £ 9.49 80.8 +£ 10.14 82+ 10 0.209

FSAmM-NPS, Food Standards Agency Nutrient Profiling System (modified version) Dietary Index; BMI, body mass index; TG, triglycerides;, HDL, high-density lipoprotein;
LDL, low-density lipoprotein; BR, blood pressure. Data were expressed as means + SD or median [P25—-P75] and percentages (number) for continuous and categorical
variables, respectively. P-values for comparisons were tested by the one-way ANOVA or chi-square test, as appropriate according to the FSAm-NPS tertiles.
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TABLE 2 | Association between FSAM-NPS DI and CVD risk factors at baseline, and B coefficient (95% Cl).

Tertiles of the FSAm-NPS DI

FSAm-NPS DI at

R-squared P-trend baseline (continuous)
T1 T2 T3

Glucose levels (mg/dL)
n 1,967 1,967 1,967 0.04 0177 5,901
Crude Model Ref —1.31 (-3.14, 0.53) —1.25(-3.07, 0.57) 1.84 0.059 —0.21 (-0.68, 0.20)
Model 1 Ref —1.57 (-3.40, 0.27) —1.80 (—3.68, 0.07) 30.5 0.832 —0.36 (-0.79, 0.07)
Fully adjusted Ref —0.24 (-1.80, 1.32) 0.16 (—1.41,1.73) 0.11 (-0.25, 0.47)
HDL-cholesterol (mg/dL)
n 1,961 1,960 1,960 0.5 <0.001 5,897
Crude Model Ref —0.52 (—1.25, 0.22) —1.98 (—2.783, —1.24) 15.4 0.128 —0.49 (-0.66, —0.33)
Model 1 Ref 0.19 (—0.49, 0.88) —0.52 (-1.24,0.19) 0.17 0.027 —0.15(-0.31, 0.01)
Fully adjusted Ref —0.01 (-0.69, 0.67) —0.77 (—1.47, —0.06) —0.21 (-0.37, —0.05)
TG levels (mg/dL)
n 1,965 1,964 1,964 0.15 0.004 5,893
Crude Model Ref 1.89 (—2.77, 6.55) 7.15(2.35, 11.95) 2.88 0.387 1.46 (0.44, 2.49)
Model 1 Ref —0.94 (-5.62, 3.74) 1.96 (—2.97, 6.89) 3.35 0.238 0.19(—0.89, 1.26)
Fully adjusted Ref —0.36 (—5.04, 4.31) 2.75(—2.18, 7.68) 0.36 (—0.72, 1.44)
LDL-cholesterol (mg/dL)
n 1,879 1,878 1,878 0.12 0.027 5,635
Crude Model Ref 2.53(0.45, 4.61) 2.33(0.26, 4.39) 4.04 <0.001 0.44 (-0.01, 0.89)
Model Ref 3.12 (1.06, 5.17) 3.66 (1.57, 5.75) 26 0.052 0.75(0.29, 1.22)
Fully adjusted Ref 1.59 (—0.23, 3.41) 1.76 (—0.05, 3.57) 0.35 (—0.05, 0.75)
Diastolic BP (mmHg)
n 1,962 1,961 1,961 0.05 0.076 5,884
Crude Model Ref 0.39 (—0.23,1.01) 0.55 (—0.06, 1.16) 6.52 0.18 0.16 (0.02, 0.30)
Model 1 Ref —0.06 (—0.67, 0.55) —0.41 (-1.02, 0.20) 7.58 0.063 —0.08 (-0.22, 0.06)
Fully adjusted Ref —0.14 (-0.75, 0.47) —0.57 (=1.18, 0.04) —0.11 (-0.25, 0.03)
Systolic BP (mmHg)
n 1,962 1,961 1,961 0.07 0.059 5,884
Crude Model Ref 0.87 (—0.20, 1.95) 1.01 (—0.04, 2.06) 3.36 0.159 0.18 (—0.05, 0.42)
Model 1 Ref 0.83 (—0.24, 1.90) 0.79 (—0.28, 1.87) 5.29 0.201 0.12 (-0.13, 0.36)
Fully adjusted Ref 0.50 (—0.56, 1.56) 0.72 (-0.35, 1.78) 0.10 (-0.15, 0.34)
BMI (kg/m?)
n 1,974 1,974 1,973 0.03 0.17 5,921
Crude Model Ref 0.10 (-0.12, 0.31) 0.15 (-0.07, 0.37) 3.18 0.063 0.06 (0.01, 0.11)
Model 1 Ref 0.12 (—0.09, 0.33) 0.22 (—0.01, 0.44) 4.27 0.054 0.08 (0.08, 0.13)
Fully adjusted Ref 0.13 (—0.08, 0.34) 0.22 (0.00, 0.44) 0.08 (0.08, 0.13)
Waist circumference (cm)
n 1,979 1,979 1,979 0.06 <0.001 5,921
Crude Model Ref 0.70(0.10, 1.29) 1.87 (1.27, 2.47) 65.4 0.803 0.51(0.38, 0.65)
Model 1 Ref —0.21 (-0.57, 0.15) 0.04 (-0.32, 0.41) 17 0.381 0.03 (-0.05, 0.11)
Fully adjusted Ref 0.12 (—0.44, 0.67) 0.60 (0.08, 1.18) 0.22 (0.09, 0.35)

FSAM-NPS, Food Standards Agency Nutrient Profiling System (modified version) Dietary Index; CVD, cardiovascular disease; Cl, confidence interval; HDL, high-density
lipoprotein; TG, triglycerides; LDL, low-density lipoprotein; BF, blood pressure; BMI, body mass index. Linear regression models were fitted. Model 1: adjusted for age,
sex, physical activity, smoking status, BMI, total energy intake at baseline, education level, and marital status. Fully adjusted: Model 1 additionally adjusted for medication
for treatment of hypercholesterolemia, of hypertension and of diabetes and size of the recruitment centers (<250, 250 to <300, 300 to <400, >400). All analyses were
conducted with robust estimates of the variance to correct for intra-cluster correlation. R-squared was multiplied by 100.

above, positive associations were found between changes in
the FSAm-NPS DI and changes in the glucose and triglyceride
levels, diastolic blood pressure, BMI, and waist circumference
after 1 year of follow-up. Non-significant association was
observed in the case of HDL-cholesterol, LDL-cholesterol, and
systolic blood pressure changes. Nevertheless, after 1 year
of follow-up, 79.36 and 19.4% of the population remained
in the recommended levels of HDL and LDL-cholesterol,

12.82 and 8.9% of the participants showed increased levels,
and only 7.82 and 10.9% of the participants showed a
decrease in HDL-cholesterol or LDL-cholesterol, respectively
(data not shown).

The cross-sectional and longitudinal associations remained
significant when olive oil was considered the healthiest
food option in the computation of the FSAm-NPS DI
(data not shown).
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TABLE 3 | Association between 1-year change of FSAM-NPS and changes of the CVD risk factors levels after 1 year of follow-up, and B coefficient (95% Cl).

Tertiles of one-year FSAm-NPS DI change

FSAm-NPS DI one-year

R-squared P-trend change (continuous)

T1 T2 T3
Glucose levels change (mg/dL)
n 1,932 1,931 1,931 0.27 <0.001 5,794
Crude Model Ref 2.51(1.17, 3.86) 2.47 (1.06, 3.88) 18.4 <0.001 0.50 (0.20, 0.81)
Model 1 Ref 2.06 (0.82, 3.31) 2.56 (1.29, 3.83) 23.3 <0.001 0.42 (0.14, 0.70)
Fully adjusted Ref 1.76 (0.54, 2.98) 1.67 (0.43, 2.90) 0.35(0.09, 0.62)
HDL-cholesterol change (mg/dL)
n 1,908 1,908 1,908 0.1 0.021 5,724
Crude Model Ref —0.40 (-0.87, 0.07) —0.54 (—1.00, —0.08) 8.44 0.019 —0.09 (-0.19, 0.0.1)
Model 1 Ref —0.28 (-0.73, 0.17) —0.53 (-0.98, 0.09) 9.31 0.024 —0.08 (-0.12, 0.07)
Fully adjusted Ref —0.16 (—0.60, 0.29) —0.27 (-0.72,0.18) —0.02 (-0.12, 0.07)
TG levels change (mg/dL)
n 1,924 1,923 1,923 0.43 <0.001 5,770
Crude Model Ref 4.43(0.04, 8.81) 11.0 (6.70, 15.25) 25.3 <0.001 2.75(1.87, 3.63)
Model 1 Ref 3.85(0.04, 7.65) 8.84 (5.06, 12.63) 26.5 <0.001 1.81 (1.05, 2.56)
Fully adjusted Ref 2.75 (—1.06, 6.56) 6.27 (2.46, 10.09) 1.75(1.00, 2.51)
LDL-cholesterol change (mg/dL)
n 1,790 1,790 1,790 0.03 0.673 5,370
Crude Model Ref —0.77 (—2.59, 1.05) 0.41(-1.35, 2.17) 19.2 0.282 —0.04 (-0.42, 0.33)
Model 1 Ref —0.92 (-2.56, 0.72) —0.86 (—2.46, 0.74) 21.6 0.287 —0.34 (-0.69, 0.00)
Fully adjusted Ref —1.06 (—2.68, 0.56) —0.88 (-2.48,0.72) —0.34 (-0.68, 0.00)
Diastolic BP change (mmHg)
n 1,945 1,945 1,944 0.13 0.007 5,834
Crude Model Ref 0.50 (-0.02, 1.03) 0.72(0.19, 1.24) 20 0.002 0.17 (0.05, 0.28)
Model 1 Ref 0.58 (0.12, 1.05) 0.76 (0.28, 1.24) 20.8 0.001 0.14 (0.04, 0.24)
Fully adjusted Ref 0.45 (-0.02, 0.92) 0.56 (0.08, 1.05) 0.15(0.04, 0.25)
Systolic BP change (mmHg)
n 1,945 1,945 1,944 0.09 0.03 5,834
Crude Model Ref 0.45 (—0.49, 1.39) 1.08 (0.11, 2.05) 22.8 0.028 0.31(0.10, 0.51)
Model 1 Ref 0.70 (-0.13, 1.53) 0.96 (0.10, 1.82) 23.6 0.041 0.18(0.00, 0.37)
Fully adjusted Ref 0.45(-0.39, 1.28) 0.49 (-0.39, 1.36) 0.17 (—0.01, 0.35)
BMI change (kg/m?)
n 1,974 1,974 1,973 4.04 <0.001 5,921
Crude Model Ref 0.41 (0.31, 0.51) 0.77 (0.67, 0.87) 5.08 <0.001 0.17 (0.14, 0.19)
Model 1 Ref 0.40 (0.30, 0.50) 0.75 (0.65, 0.85) 16.1 <0.001 0.11(0.09, 0.13)
Fully adjusted Ref 0.27 (0.18, 0.36) 0.51 (0.41, 0.60) 0.11(0.09, 0.13)
Waist circumference change (cm)
n 1,967 1,966 1,966 2.77 <0.001 5,899
Crude Model Ref 1.22 (0.90, 1.55) 2.09 (1.76, 2.41) 9.74 <0.001 0.47 (0.40, 0.54)
Model 1 Ref 0.11(0.79, 1.43) 1.99 (1.68, 2.31) 15.5 <0.001 0.29 (0.23, 0.36)
Fully adjusted Ref 0.73(0.42, 1.03) 1.19(0.89, 1.50) 0.28 (0.22, 0.35)

FSAM-NPS, Food Standards Agency Nutrient Profiling System (modiified version) Dietary Index; CVD, cardiovascular disease; Cl, confidence interval; HDL, high-density
lipoprotein; TG, triglycerides; LDL, low-density lipoprotein; BR, blood pressure; BMI, body mass index. Linear regression models were fitted. Model 1: adjusted for age,
sex, physical activity, smoking status, BMI, total energy intake at baseline, education level and marital status and each CVD risk factor was adjusted to its level at baseline.
Fully adjusted: Model 1 additionally adjusted for medication for treatment of hypercholesterolemia, of hypertension and of diabetes, size of the recruitment centers (<250,
250 to <300, 300 to <400, >400) and the intervention groups. All analyses were conducted with robust estimates of the variance to correct for intra-cluster correlation.

R-squared was multiplied by 100.

DISCUSSION

To the best of our knowledge, this study is one of the
first to evaluate the prospective
the nutritional quality of diet assessed using the FSAm-
NPS DI (algorithm underpinning the Nutri-Score FOP

associations

label) and different CVD risk factors. Findings of this
study showed that the consumption of foods with higher

between the Nutri-Score

scale) was

scores of FSAm NPS (foods with less favorable rating in
associated with unfavorable
changes in CVD risk factors after 1 year of follow-up,
specifically with an increase in adiposity (BMI and waist
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CVD risk factors changes

B (95% CI)

Glucose (mg/dL)
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Diastolic BP (mmHg)
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Waist circumference (cm)

0.35 (0.09, 0.62)
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0.17 (-0.01, 0.35)
0.11 (0.09, 0.13)
0.28 (0.22, 0.35)
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FIGURE 2 | Prospective associations between dietary index based on the French context, the modified FSA-NPS (FSAmM-NPS DI) and cardiovascular diseases

(CVD) risk factors changes after 1 year of follow-up.

T
2 3

circumference) and the levels of plasma glucose, triglycerides,
and diastolic blood pressure.

Our results are partially in line with the SU.VLMAX study
where the authors assessed the prospective association between
the FSAm-NPS DI and metabolic syndrome and its components
(24). Even though, these authors found significant and positive
association between the FSAm-NPS DI and the incidence
of metabolic syndrome, when the components were assessed
individually, only systolic and diastolic blood pressure showed
a significant association. In our study, we also found significant
and positive association with diastolic blood pressure, but not
for systolic. These results may be explained because the FSAm-
NPS DI considers the salt content of food that has been proved
to be related to hypertension (31). However, we cannot discard
that other factors of the score, as well as their synergistic effect,
may also explain these results on blood pressure. In contrast
to the SU.VLMAX study, we have demonstrated significant
prospective associations with triglycerides and fasting glucose.
These results in relation to triglycerides and glucose may be
explained because the participants in our study were elderly
Mediterranean individuals (aged between 55 and 75 years) with
overweight/obesity and metabolic syndrome. Therefore, as they
were already at the risk of CVD, the results of our study could be
influenced by their pre-existing risk and conditions. In contrast,
in the SU.VL.MAX study, the participants were younger and
healthier (women aged between 35 and 60 years and men aged
between 45 and 60 years).

In our study, no prospective associations were observed
between changes in the FSAm-NPS DI and changes in HDL-
cholesterol or LDL-cholesterol concentrations. Even though, in
the cross-sectional analysis, we found an association between
HDL-cholesterol and FSAm-NPS DI at the baseline, the lack
of association in the prospective analysis might be explained
because most of the population did not show changes in the
levels of HDL-cholesterol after 1 year of follow-up. In a previous
study, analysis conducted in the SU.VLMAX cohort reported
a negative association between the FSAm-NPS DI and LDL-
cholesterol concentration (16). According to the authors, the
absence of association or the negative association observed in

the case of the LDL-cholesterol could be partly explained by the
fact that, even when saturated fat is considered in the score, the
FSAm-NPS DI does not distinguish between fatty acid subtypes
(monounsaturated or polyunsaturated fatty acids) (25).

In our study, a higher 1-year increase in the FSAm-NPS,
reflecting a decrease in the nutritional quality of diet, was also
positively associated with increases in adiposity measured by BMI
and waist circumference. These findings are in line with other
studies using other nutritional quality indexes (32, 33), and with
other two studies analyzing the FSAm-NPS. In the SU.VL.MAX
French cohort, a positive association between the FSAm-NPS DI
and body weight and BMI gain (24) was found in both men and
women. In addition, an increased risk of obesity was observed
only in men after 13 years of follow-up. A study using data
from the French NutriNet-Santé cohort has recently analyzed
the prospective associations between different nutrient profiling
systems (the original Food Standards Agency nutrient profiling
system and three variants, Food Standards Australia New Zealand
Nutrient Profiling Scoring Criterion (NPSC), Health Star Rating
NPS and the French NPS (HCSP-NPS), and adiposity markers
and overweight/obesity risk. The results showed that participants
with a dietary index reflecting lower diet nutritional quality
(irrespective of the nutrient profiling used) were more likely
to increase the BMI over time and had an increased risk
to develop overweight/obesity (34). It is important to remark
that whilst differences were small, the French FSAm-NPS one
appeared to show a significantly greater association with the risk
of overweight compared to other nutrient profile scores. It is
important to highlight that the reclassification of olive oil in the
FSAm-NPS computation only induced small effects in our study,
whereas previous evidence from the SUN cohort found that the
reclassification of olive oil strengthened the associations between
the FSAm-NPS and total mortality (23).

In the FSAm-NPS, total energy, salt, saturated fat, and sugar
are considered negative components whereas fiber, protein, fruits
and vegetables, legumes, and some vegetable oils are considered
positive. The FSAm-NPS DI resumes the FSAm-NPS scores of all
food items mostly consumed by an individual, by assigning points
based on the consumption of foods, food groups, or nutrients
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relevant to the risk of chronic diseases. All these nutrients or food
groups have been demonstrated to be related to CVD risk factors
in numerous studies (5, 35, 36). Particularly, added sugar and
saturated fat have been previously associated with higher levels
of fasting blood glucose and triglycerides (37, 38). Therefore,
the observed associations are consistent with the nature of the
FSAm-NPS and with previous findings regarding diet and CVD.

Furthermore, there is also increasing evidence that ultra-
processed foods (UPF) have detrimental effects on CVD risk
(39), In this sense, we should bear in mind that the FSAm-
NPS DI and the NOVA classification (based on degree of food
processing) are two different complementary approaches to
assess nutritional quality and healthiness (40). Indeed, in our
study, those participants allocated in the highest FSAm-NPS DI
tertiles had higher UPF consumption. It is acknowledged that
the FSAm-NPS DI does not cover all the health dimensions of
food (e.g., food processing, additives, and presence of pesticides).
It considers neither the added sugar included in food nor the
monounsaturated or polyunsaturated fat because this score has
been based on those nutrients that, in Europe, are mandatory to
be disclosed in the list of nutrients in the food labeling. However,
at the moment, there is no classification system including all
these nutrients and dimensions of food in a single indicator.
Therefore, FSAm-NPS focuses on the nutritional dimension and
serves as the underlying system of some front-of-pack labels
to allow consumers to easily compare foods belonging to the
same category. Importantly, FSAm-NPS has the advantage of
considering a large number of elements from a nutritional point
of view, in particular the content, per 100 g of food of fruits and
vegetables (proxy of the amount of antioxidants, vitamins, and
minerals), legumes, nuts, proteins (e.g., proxy of the amount of
calcium and iron), olive oil, rapeseed oil, and walnut oils.

Overall, our results support the suitability of the FSAm-
NPS as a nutritional quality indicator aimed at improving
diets and preventing the development of chronic diseases.
Further prospective studies analyzing the effect of modifying the
nutritional quality of diet through changes in this dietary index
are warranted in the future to confirm our results.

Strengths and Limitations

Our study has several limitations that deserve to be discussed.
First, the results cannot be generalized to other populations since
participants included in the analysis were elderly Mediterranean
individuals with overweight/obesity and metabolic syndrome.
Therefore, as they were already at the risk of CVD, the
results of this study could be influenced by this condition.
Second, the assessment of food intake through a FFQ is
prone to possible measurement errors. However, despite this
limitation, food-based FFQs have been widely used as a tool in
epidemiological studies since the 1990s (41). Third, we cannot
rule out bias due to unmeasured potential confounders related
to the risk of CVD.

This study also has some strengths such as its prospective
design, which reduces the possibility of reverse causation
bias, the control for several potential confounding factors,
the large sample size, and the extensive data collected
by trained staff.

In conclusion, the results of this prospective cohort study
suggest that the consumption of foods with higher FSAm-NPS
(reflecting a lower nutritional quality) is associated with an
increase in some CVD risk factors (adiposity, fasting plasma
glucose, triglycerides, and diastolic blood pressure). However,
no significant associations were identified for critical CVD
risk factors such as HDL-cholesterol, LDL-cholesterol, and
systolic blood pressure.
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