
Programme National Nutrition Santé – guidelines score 2 (PNNS-GS2):
development and validation of a diet quality score reflecting the 2017 French
dietary guidelines

Dan Chaltiel1*, Moufidath Adjibade1, Valérie Deschamps2, Mathilde Touvier1, Serge Hercberg1,3,
Chantal Julia1,3 and Emmanuelle Kesse-Guyot1
1Sorbonne Paris Cité Epidemiology and Statistics Research Center (CRESS), Inserm U1153, Inra U1125, Cnam, Paris 13
University, Nutritional Epidemiology Research Team (EREN), Bobigny, France
2Nutritional Surveillance and Epidemiology Team (ESEN), French Public Health Agency, Paris-13 University, Centre de
recherche en épidémiologie et statistiques, COMUE Sorbonne Paris Cité, Bobigny, France
3Public Health Department, Avicenne Hospital, AP-HP, Bobigny, France

(Submitted 16 August 2018 – Final revision received 21 March 2019 – Accepted 24 April 2019; First published online 25 July 2019)

Abstract
Following the revision of the French dietary guidelines in 2017, the Programme National Nutrition Santé – guidelines score (PNNS-GS), built
upon previous recommendations released in 2001, needed to be updated. This cross-sectional study thus aimed to develop and validate the
PNNS-GS2, a predefined food-based dietary index based on the 2017-revised French nutritional guidelines. A total of 80 965 participants
recruited among French adults (≥18 years old) in the NutriNet-Santé web-based prospective cohort were included. Collected data included
repeated 24 h-dietary records over a 2-year period, sociodemographic and, for 16 938 subjects, clinical and biological data. Weighting and
cut-offs of the PNNS-GS2 components were collegially arbitrated by nutrition experts who participated in the 2017 revision of the guidelines.
Sociodemographic, nutritional and clinical and biological factors were investigated according to quintiles (Q) of PNNS-GS2 (theoretical ranging
−17 to þ13·5). Mean PNNS-GS2 was 2·1 (SD 3·1) in women and −0·3 (SD 3·6) in men. Higher PNNS-GS2 (higher adherence to 2017 dietary
guidelines) was positively associated with (mean difference between Q5 and Q1 in women/men) age (þ8·4/þ4·7 years), education (þ3·9/
þ7·4 % of university level), physical activity (þ13·3/þ3·5 % of ≥60 min/d) and non-smoking (þ9·7/þ13·7 %), and was negatively associated
with mean blood pressure (−3·0/−2·8 mmHg), plasma LDL-cholesterol (−0·07/−0·06 g/l) and TAG (−0·10/−0·16 g/l) concentrations. Higher
PNNS-GS2 was also associated with higher intake of favourable nutrients, e.g. n-3 PUFA (þ0·2/þ0·2 % of energy intake), fibres (þ8·7/þ10·7 g)
and vitamin C (þ36·6/þ43·8 mg). Associations between PNNS-GS2 and sociodemographic and nutritional factors arguing for its validation are
coherent. Further studies are needed to evaluate its association with mortality and morbidity.
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Diet is largely recognised as a major determinant of health, and
nutritional (risk or protective) factors have been consistently asso-
ciated with mortality(1), morbidity(2–4) and intermediate criteria(5).
Diet is considered a key lever to public health policies as it rep-
resents a changeable factor that may bemodified through primary
prevention interventions. Population dietary guidelines are thus
developed and regularly updated according to the progress in
scientific knowledge. To quantify the potential impact of such
guidelines, the association between adherence to recommenda-
tions and mortality and morbidity needs to be tested.

A first step towards this goal is to assess howwell populations
comply with these guidelines. A common, easy and efficient

approach for this is to compute an index reflecting individual
adherence to the recommendations. In many countries, such
indices of adherence with national dietary guidelines have been
developed(6–8), and then correlated with morbidity events(9–11) in
cohort studies, allowing to estimate the predictive value associ-
ated with adherence to nutritional recommendations.

Dietary indices reflecting adherence to guidelines are a priori
developed food or nutrient-based diet quality scores(12). The
major interest of dietary indices over approaches singling out
foods or nutrients is their encompassing diet as a whole, there-
fore taking into account interactions and/or synergies between
dietary components(13). Although national guidelines are usually

Abbreviations: CU, consumption unit; PAL, physical activity level; PNNS, ProgrammeNational Nutrition Santé; PNNS-GS2, PNNS – guidelines score 2; Q, quintile;
sPNNS-GS2, simplified PNNS-GS2.
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developed based on nutritional collective expertise, the validity
of a given guideline-based index needs to be investigated.

As dietary guidelines evolve over time accounting for
advance in scientific knowledge, dietary indices need to evolve
concurrently: for example, the Healthy Eating Index (HEI)(14)

was updated to the HEI-2005(8), HEI-2010(15) and HEI-2015(16).
In 2001, in the framework of the first French Nutrition and

Health Programme (Programme National Nutrition Santé,
‘PNNS’, 2001–2005), 2001–2005 nutritional guidelines were
adopted and disseminated in the general population. These
guidelines provided eight dietary recommendations and one
for physical activity(17). Dietary recommendations were classi-
fied as four adequacy (‘fruits and vegetables’, ‘starchy foods’,
‘milk and dairy products’ and ‘meat, fish and seafood and eggs’),
and four moderation recommendations (‘added fat’, ‘sugary
products’, ‘drinks’ and ‘salt’). In this context, we developed a
specific PNNS – guidelines score (PNNS-GS) allowingmeasuring
adherence with these national dietary guidelines(6).

In March 2017, in the preparation of the fourth PNNS (2017–
2021), the High Council of Public Health (Haut Conseil de Santé
Publique, ‘HCSP’) issued a report updating the 2001 PNNS nutri-
tional guidelines(18), based on a French Agency for Food,
Environmental and Occupational Health & Safety (Agence
nationale de sécurité sanitaire de l’alimentation, de l’environne-
ment et du travail; ANSES) scientific report(19). These 2017 rec-
ommendations provided six adequacy (‘fruits and vegetables’,
‘nuts’, ‘legumes’, ‘whole-grain food’, ‘milk and dairy products’
and ‘fish and seafood’), and six moderation recommendations
(‘red meat’, ‘processed meat’, ‘added fat’, ‘sugary products’,
‘drinks’ and ‘salt’). Physical activity was not addressed by
the HCSP.

Therefore, the present study aimed (i) at developing an a pri-
ori food-based dietary index reflecting adherence to the 2017
French nutritional guidelines, (ii) at evaluating the validity of this
score using a content, construct and criterionmodel of validation
and (iii) at describing its association with sociodemographic and
nutritional factors in the NutriNet-Santé cohort.

Subjects and methods

Study population

We used data from the NutriNet-Santé study, a large web-based
observational cohort launched in France in 2009. Its design and
methodology have been described in detail elsewhere(20). The
studywas designed to investigate the relationship between nutri-
tion and health, as well as determinants of dietary behaviour and
nutritional status. Participants aged over 18 years with access to
the Internet were recruited among the general population
by means of vast multimedia campaigns. All questionnaires
were completed online using a dedicated secure website
(www.etude-nutrinet-sante.fr). The NutriNet-Santé study is
conducted in accordance with the Declaration of Helsinki and
was approved by the ethics committee of the French Institute
for Health and Medical Research (institutional review board
Inserm no. 0000388FWA00005831) and by the National
Commission on Informatics and Liberty (CNIL, no. 908450 and
no. 909216). Electronic informed consent was obtained from

all participants. The NutriNet-Santé study is registered in
ClinicalTrials.gov (NCT03335644).

In addition, during 2011–2014, the NutriNet-Santé partici-
pants were invited, on a voluntary basis, to attend a visit for bio-
logical sampling and clinical examination in local centres.
Electronic and paper written informed consents were obtained
from all participants attending the visit. All procedures were
approved by the ‘Consultation Committee for the Protection of
Participants in Biomedical Research’ (C09-42 on 5 May 2010)
and the CNIL (no. 1460707).

Dietary data

Participants provided at baseline and then twice a year three
non-consecutive 24 h dietary records assigned over a 2-week
period. Days were randomly attributed into two weekdays
and one weekend day to account for intra-individual variability
intake. Participants recorded all food and drink consumption
throughout the entire day (midnight to midnight) via a dedicated
online platform allowing users to search for any food by name.
Data used in the present paper are based on participants
included between 2009 and 2014. Amounts consumed were
declared as absolute units when known (in g or ml), common
householdmeasures or using generic food portion size frompre-
viously validated photographs(21).

Consumption was weighted according to the type of day
(weekday v. weekend day) and under-reporters were excluded
using the Black method with Goldberg cut-offs, which are based
on physical activity level (PAL) and BMR (calculated as per
Schofield’s equations(22)), which itself takes into account sex,
age, height and weight. Within-subject day-to-day CV of energy
intake was calculated for each participant (median= 0·23, range
= 0·001–2·02) based on their dietary record data (number:median
= 6, range= 3–15 dietary records), andwithin-subject CV for BMR
and PAL were defined at 8·5 and 15 %, respectively(23). The mean
calculated lower cut-off was 0·99 (range= 0·90–1·07).

The lower limit was first calculated with a default PAL defined
at 0·88 to exclude extreme under-reporters (invalid values), and
then re-run with PAL defined at 1·55 to compute the proper coef-
ficient of variation of energy-intake. Daily energy and nutrient
intakes were computed using a validated and constantly updated
composition tables including more than 3000 food items(24). The
NutriNet-Santé web-based, self-administered 24 h dietary records
have been tested and validated against an interview by a trained
dietitian and against blood and urinary biomarkers(25–27).

Frequency of organic food consumptionwas recordedwithin
2 months after inclusion for fruits, vegetables, bread, rice, pasta
and legumes using a previously described questionnaire(28). For
the present study, ‘rice, pasta and legumes’ organic food con-
sumption frequency was divided into rice and pasta on the
one hand, and legumes on the other hand, based on non-null
consumption of the food group in 24 h dietary intakes.
Frequencies were assessed using eight possibilities of response:
(1) most of the time; (2) occasionally; (3) never (too expensive);
(4) never (product not available); (5) never (I’m not interested in
organic products); (6) never (I avoid such products); (7) never
(for no specific reason); and (8) I don’t know. In the present
study, all ‘never’ responses (3, 4, 5, 6 and 7) were aggregated.
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Other data

Individual sociodemographic and lifestyle characteristics (age,
sex, education, occupation, income, marital status, physical
activity and smoking habits) were collected, at baseline and then
yearly, by a dedicated self-administered web-based question-
naire(27). In the same period of time, height and weight were
self-reported to compute BMI. Physical activity was assessed
using the International Physical Activity Questionnaire
(IPAQ)(29). Income per consumption unit (CU) was estimated
from monthly household salary and household composition
according to a weighting system where 1 CU is attributed for
the first adult in the household, 0·5 CU for other persons aged
14 years or older, and 0·3 CU for children under 14 years(30).
Although self-reported, these indicators have demonstrated
good validity against clinical measures(31).

Clinical examinations that included blood pressure measure-
ment and blood samples were performed on 19 620 volunteers
betweenFebruary 2011 and June2014. Bloodpressure, blood glu-
cose (hexokinase on C8000 automat, Abbott), serum TAG (glyc-
erol kinase C8000, Abbott), total serum cholesterol (cholesterol
oxidase C8000, Abbott), HDL-cholesterol (direct accelerator
C8000, Abbott) were measured, and LDL-cholesterol was calcu-
lated using the Friedewald formula(32). These metabolic variables
were not specifically chosen for this analysis, but were part of a
standard routine check-up. All blood samples were taken after
a minimum of 6 h of fasting. For each biochemical analysis,
any patient who had been treated for a related condition was
excluded (i.e. we excluded glucose analysis from all patients
treated for diabetes).

Development of the Programme National Nutrition Santé –

guidelines score 2

The PNNS-GS2 is an index designed to reflect the 2017 French
dietary recommendations(18,33) which include main and comple-
mentary recommendations. PNNS-GS2 components and scoring
are presented in Table 1. For comparison, the PNNS-GS(6) com-
ponents and scoring are presented in online Supplementary
Table S1.

Comparedwith the 2001 recommendations, 2017 recommen-
dations are more numerous (12 v. 9), include more specific food
groups and for some were revised according to an update of the
scientific literature.

First, some food group components were refined: bread, cer-
eals and potatoes were no longer specific components of the
score, and legumes were an independent component, whereas
the adequacy component for animal products (meat, poultry,
seafood and eggs)was divided into twomoderation components
for red meat and for processedmeat. White ham ratio was added
as a conditional component for processed meat because it con-
tains less fat than other processedmeats, so its consumption pro-
vides additional score points only in processed meat consumers.

Second, cut-offs were lowered for themilk and dairy, seafood
and alcohol components.

Third, some components were modified. Nuts were added
and whole-grain food was modified from a ratio-based to a
serving-based component. The beverages component (for which
consumption should be limited), compared with the previous

guidelines, still contains sugary drinks, but now also includes
artificially sweetened (light/diet) beverages and fruit juices,
the target being more the sweet taste than the actual sugar con-
tent. A sugary drink was defined as a beverage without alcohol
and containing added sugar.

Fruits and vegetables (which still do not include potatoes),
sugary foods (foods containing added sugar such as most of
breakfast cereals, sorbet, biscuits, cakes etc.) and salt compo-
nents remained unchanged. For added fat, the 2017 recommen-
dation highlighted α-linolenic acid-rich oils and olive oil as
preferred options. For clarity purpose we used ‘recommended
oils’ throughout the manuscript.

Finally, an organic food consumption recommendation was
introduced for fruits, vegetables, breads, legumes and cereals as
a proxy of a reduced exposure to contaminants.

The PNNS-GS2 builds on the distinction betweenmalus com-
ponents (less healthy food groups whose consumption should
be limited, carrying a negative score of moderation, e.g. salt)
and bonus components (healthier food groups carrying a posi-
tive score of adequacy, e.g. legumes).

Servingswere defined based on French usual portion sizes, as
follows: 80 g for fruits and vegetables, 30 g for dried fruits, 150ml
for fruits and vegetables juices, 30 g for nuts, 200 g for legumes,
rice and pasta, 30 g for cereals, 50 g for bread, 150 ml for milk,
125 g for yogurt, 30 g for cheese, and 100 g for fish and seafood.

Cut-offs and associated scoringswere definedwith the support
of nutrition experts who were involved in the development of the
guidelines. They were built so that reaching and not reaching a
guideline component was rewarded, respectively, with 1 point
and 0 point in adequacy components (healthier food groups),
and with 0 points and −1 point in moderation components (less
healthy food groups), with half-points given linearly to improve
discrimination power between and above cut-offs. For milk and
dairy products and for fish, a parabolic-shaped relationship was
used to allocate points, as the relation to overall health was found
non-linear(19). As a sensitivity analysis, we computed a simplified
version of the PNNS-GS2, named simplified PNNS-GS2 (sPNNS-
GS2), including only principal recommendations (exclusion of
organic food, fatty fish, white ham ratio, recommended oils ratio
and animal fat components). The sPNNS-GS2 was also built to
ensure a higher comparability with PNNS-GS and to take into
account the fact that some components are rarely available
(organic food consumption in particular). To avoid overrating
multi-item components, each component was standardised and
weighted. Therefore, scores were computed for each participant
as the sum of each component i multiplied by its associated
weight and divided by its maximum absolute value:

Score PNNS-GS2

¼
X

i
componenti �

weighti
maxðabsðcomponentiÞÞ

� �
:

Weights were defined according to the level of evidence of
the association between food groups consumption and
health(2–5). Theywere defined at 3 for fruits and vegetables, proc-
essed meat, sugary foods, alcoholic beverages, sweet-
tasting beverages and salt, 2 for whole-grain food, red meat, fish
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Table 1. Programme National Nutrition Santé – guidelines score 2 (PNNS-GS2): components and scoring

Dietary components Recommendation Criteria* Score

Fruits and vegetables
(weight = 3)

At least 5 servings/d, with 1 maximum as
juice and 1 maximum as dried†

0–3·5
3·5–5
5–7·5
≥7·5

0
0·5
1
2

Prefer organic fruits Most of the time
Occasionally
Never

0·5
0·25
0

Prefer organic vegetables Most of the time
Occasionally
Never

0·5
0·25
0

Nuts
(weight = 1)

A handful/d† 0
0–0·5
0·5–1·5
≥1·5

0
0·5
1
0

Legumes
(weight = 1)

At least 2 servings/week† 0/week
0–2/week
≥2/week

0
0·5
1

Prefer organic legumes Most of time
Occasionally
Never

0·5
0·25
0

Whole-grain food
(weight = 2)

Every day† 0
0–1
1–2
≥2

0
0·5
1
1·5

Prefer organic bread Most of the time
Occasionally
Never

0·5
0·25
0

Prefer organic grains Most of the time
Occasionally
Never

0·5
0·25
0

Milk and dairy products
(weight = 1)

2 servings/d† 0–0·5
0·5–1·5
1·5–2·5
≥2·5

0
0·5
1
0

Red meat
(weight = 2)

Limit consumption† 0–500 g/week
500–750 g/week
≥750 g/week

0
−1
−2

Processed meat
(weight = 3)

Limit consumption† 0–150 g/week
150−300 g/week
≥300 g/week

0
−1
−2

Prefer white ham over other
processed meat‡

Ratio < 50 %
Ratio ≥ 50 %

0
0·5

Fish and seafood
(weight = 2)

2 servings/week† 0–1·5 servings/week
1·5–2·5 servings/week
2·5–3·5 servings/week
≥3·5 servings/week

0
1
0·5
0

Fatty fish 1 serving/week 0–0·5 servings/week
0·5–1·5 servings/week
≥1·5 servings/week

0
1
0

Added fat
(weight = 2)

Avoid overeating† >16 % of EIWA
≤16 % of EIWA

0
1·5

Prefer ALA-rich and olive oil
over other oils

Ratio < 50 %
Ratio ≥ 50 %

0
1

Prefer plant fat over animal fat Ratio > 50 %
Ratio ≤ 50 %

0
1

Sugary foods
(weight = 3)

Limit consumption† <10 % of EIWA
10–15 % of EIWA
≥15 % of EIWA

0
−1
−2

Sweet-tasting beverages§
(weight = 3)

Limit consumption† 0 ml/d
0–250 ml/d
250–750 ml/d
≥ 750 ml/d

0
−0·5
−1
−2

Alcoholic beverages
(weight = 3)

Limit consumption† 0 g/week
0–100 g/week
100–200 g/week
>200 g/week

0·5
0
−1
−2

(Continued)
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and added fat, and 1 for nuts, legumes and milk and dairy prod-
ucts. Physical activity is no longer part of the score as it is handled
by specific guidelines.

In order not to overrate overconsumers, and since French
dietary guidelines are not expressed as nutrient density, PNNS-
GS2 was penalised on energy intake similarly to the method used
for the PNNS-GS: energy expenditure was computed from BMR
andPAL as per FAO tables(34). Participants reporting energy intake
of more than 105 % of their energy expenditure (n 6500) had their
score reduced by the same proportion(6).

Theoretical range of both PNNS-GS2 and sPNNS-GS2 went
from −17 to 13·5, but actual scores may be lower than the thresh-
old given the penalisation on energy intake. In this article, PNNS-
GS2 will be compared with a modified version of the PNNS-GS
(mPNNS-GS), computedwithout the physical activity component.

Sample selection

For the present analysis, we included all participants who filled
in at least three 24 h dietary records during the first 2 years after
their inclusion in the NutriNet-Santé study (n 115 536). After
exclusion of under-reporters, 104 382 participantswere selected.
Among them, 5928 participants with missing value on energy
expenditure were excluded, leaving 98 454 participants for the
computation of the sPNNS-GS2. A total of 17 489 participants
had missing values on organic food consumption, so the
PNNS-GS2 was computed among 80 965 participants. Among
these, 16 938 had available clinical and biological data. This sam-
ple is referred to as ‘the clinical sample’ hereafter.

Score validation

To evaluate the validity of the construction of the PNNS-GS2,
we used the validation process summarised by Bland &
Altman(35):

• Face validity is met if the score appears correct for
experts (i.e. it addresses relevant items),

• Content validity is met if the score appears complete (i.e.
it does not lack any important item),

• Convergent construct validity is met if the score is asso-
ciated with the same variables than the object it mea-
sures, i.e. diet quality

• Criterion validity is met if the score is the same as an
objective value.

In the present study, content and face validity were assumed
given the expert-based development of the score. Convergent

construct validity was evaluated through the association of the
PNNS-GS2 with sociodemographic and biological variables
known to correlate with diet quality. Criterion validity could
not be fully achieved due to the absence of a gold standard
for diet quality, but we estimated the correlation between quan-
tiles of PNNS-GS2 and quantiles of mPNNS-GS with Cohen’s κ
and Spearman’s correlation coefficient. We hypothesised that
concordance estimates should not be too high, as it would have
implied that the update did not add much information to
the score, nor too low, as it would have implied that the
PNNS-GS2 measured a totally different construct than the
PNNS-GS. Ultimately, internal consistency was estimated with
Cronbach’s α.

Statistical analysis

For descriptive purpose, micronutrients intakes were adjusted
for energy intake by the residual method(36), and macronutrients
were computed as a percentage of energy intakewithout alcohol
(since French recommended levels of intake are expressedwith-
out alcohol). All the nutritional indicators were presented across
quintiles (Q) of the PNNS-GS2 calculated for men and women
separately.

Difference between Q5 and Q1 was computed as relative to
total ((Q5−Q1)/total) and as absolute (Q5−Q1). Relative differ-
ence was thought to be more appropriate to describe compo-
nents reached by a low percentage of subjects, and absolute
difference to describe other components. Reaching a score com-
ponent was defined as having a score of 1 or more for adequacy
components and of 0 for moderation components.

Associations were tested with a Pearson χ2 association test for
unordered factors with more than two levels, with a Cochran–
Armitage test for trend for unordered factors with two levels
exactly, with a Spearman correlation test for ordered factors
and with a linear contrast test for numeric variables. All analysis
on biological and clinical variables for the clinical sample were
conducted on the logarithm values and adjusted for energy
intake without alcohol, alcohol consumption and age at
baseline.

All statistical analyses were conducted using R (version 3.4.2)
with a significance level of 5 % for two-sided tests.

Results

The sample included 78·1 % women and 21·9% men, with
an average of 6·6 (SD 2·8) dietary records (minimum= 3;

Table 1. (Continued )

Dietary components Recommendation Criteria* Score

Salt
(weight = 3)

Limit consumption† ≤6 g/d
6–8 g/d
8–10 g/d
10–12 g/d
>12 g/d

1
0
−0·5
−1
−2

EIWA, energy intake without alcohol; ALA, α-linolenic acid.
* Servings per d unless otherwise stated.
† Principal recommendations.
‡ Conditional: the 0·5 bonus point only occurs if total processed meat consumption is more than 150 g/week.
§ Sweet-tasting beverages are specifically sugary beverages, artificially sweetened beverages and fruit juices.
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maximum= 15). PNNS-GS2 and sPNNS-GS2 were approximately
normally distributed (kurtosis=−0·1 and−0·03, skewness=−0·23
and −0·27, respectively). Excluded participants (with missing
value for energy expenditure or for organic food consumption)
compared with included ones were significantly younger (mean
difference= 3·73 years), with a higher BMI (mean difference
= 0·21 kg/m²). They were more likely to be female, students or
employees, smokers, to live alone, but were less likely to have
achieved higher levels of education, to be working as managerial
staff or to be retired and were less physically active and had lower
levels of income (online Supplementary Table S2). For partici-
pants for which the mPNNS-GS was calculated (n 77 211), it
was lower among excluded participants.

Participant in the clinical sample had a healthier dietary pat-
tern than non-participants: they were on average older, with a
lower BMI, more educated, with higher levels of income, less
likely smoker, more likely men, had a higher level of physical
activity, were less likely to live alone and had higher dietary
scores (PNNS-GS, mPNNS-GS and PNNS-GS2) (all P value
<0·05, data not shown).

Sociodemographic and lifestyle characteristics across quin-
tiles of PNNS-GS2 for both sexes are presented in Table 2.
PNNS-GS2 was higher for women (mean 2·1, SD 3·1) than for
men (mean −0·3, SD 3·6). Higher PNNS-GS2 was significantly
associated with higher age, lower BMI, higher education, higher
physical activity, lower rates of smoking and higher rates of liv-
ing alone. Participants of lower quintiles were more likely to be
employees, students or manual workers, and people of higher
quintiles weremore likely to bemanagerial staff or retired, which
is consistent with the age difference between quintiles.

As expected, the percentage of subjects reaching each recom-
mendation component of the score was significantly associated
with a higher quintile of PNNS-GS2 for bothmen andwomen but
disparities in magnitudes were observed (Table 3). The highest
absolute differences between Q5 and Q1 were observed for
processedmeat and fruits and vegetables and the highest relative
differences for organic foods, salt and nuts. The lowest absolute
differences were observed for added fat and legumes, and the
lowest relative differences were observed for added fat and rec-
ommended oil ratio.

As for nutrients, higher PNNS-GS2 was significantly associ-
ated, in both men and women, with a higher intake of total car-
bohydrates and sugars, plant-based proteins, all PUFA whether
in total or individually, starch, fibres, total Fe, K, Ca, Mg, Se,
β-carotene, thiamine (vitamin B1), nicotinamide (vitamin B3),
pantothenic acid (vitamin B5), pyridoxine (vitamin B6), vitamins
C, D, and E and folic acid, and with a lower intake of animal pro-
tein, total lipids, SFA, Na, haeme Fe, cholesterol, retinol, vitamin
B12 and Zn (Table 4). The relationshipwithMUFAwas not linear.
Proteins were positively associated with the score in women and
negatively in men. Opposite associations were observed for
plant proteins (increase across the quintiles) v. animal proteins
(decrease across the quintiles). Riboflavin (vitamin B2) was pos-
itively associated with the score in women, but this association
was not significant in men. Nevertheless, compared with the
French recommended intakes of nutrients(37), nutrients nega-
tively associatedwith the scorewere (on average) still consumed

enough to stay in line with recommended limits in the highest
adherents to the PNNS-GS2 (online Supplementary Table S3).
In addition, food groups’ consumption across quintiles is pre-
sented in online Supplementary Table S4.

In the clinical sample, a higher quintile of PNNS-GS2 was sig-
nificantly associated, for both men and women, with higher
HDL-cholesterol concentration and lower blood glucose, TAG,
total cholesterol and LDL-cholesterol concentrations and blood
pressure (Table 5). Though significant, the observed variations
were of rather low amplitude, with a difference of around 5 %
between Q5 and Q1 (relative to total), except for TAG which
had a 14 % difference.

Weighted Cohen’s κ coefficients were 0·58 between quintiles
of PNNS-GS2 and quintiles of mPNNS-GS (i.e. without physical
activity) and 0·54 between quintiles of PNNS-GS2 and quintiles
of PNNS-GS (i.e. including physical activity). Those results can
be extended to the sPNNS-GS2, as it is highly correlated with
PNNS-GS2, with a correlation coefficient of 0·95 (online
Supplementary Table S5). Cronbach’s α coefficients were 0·42
for PNNS-GS2 and 0·34 for sPNNS-GS2 (data not tabulated).

Discussion

In the present study, the PNNS-GS2, whichwas built to reflect the
overall adherence to the 2017 French dietary guidelines, was sig-
nificantly associated with sociodemographic variables in the
expected direction. Results from the percentage of participants
reaching each of the recommendations showed that each com-
ponent was discriminant and added to the overall score, but with
disparities in terms of contribution. The associations with
nutrient intakes showed that an increase in the PNNS-GS2 was
associated with an overall healthier dietary profile. Clinical
and biological indicators were also all associated to the score
in the expected direction.

Associations between sociodemographic variables and
dietary scores are not always consistent in the scientific literature.
This can be explained by the broad heterogeneity of studies, in
terms of methodology, sample size and population selection.
However, positive association of PNNS-GS2 with higher age,
lower energy intake without alcohol and lower smoking habit
was consistent with previous studies developing dietary scores
reflecting nutritional guidelines(6,38–41). In these studies, associa-
tion of diet quality with BMI, physical activity and education is
overall similar to the present study.

Likewise, associations with nutrient intakes were overall sim-
ilar to those reported in these studies(6,38–41), with higher adher-
ence to nutritional guidelines associated with more favourable
intakes in micronutrients. However, the variations across quin-
tiles of score were somewhat higher in the PNNS-GS2 for several
nutrients (for example n-3 PUFA, haeme Fe, β-carotene, fibres
and vitamin C) which are some of the main compounds implied
in the nutritional prevention of health(42–45).

MUFA intakes decreased overall across quantiles of the PNNS-
GS2 but increased inQ5. This could be explained at least partly by
a high consumption of MUFA-rich oils (i.e. olive oil) by Q5 partic-
ipants (data not shown), along with a specifically low energy
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intake which influenced the residual value. Likewise, PNNS-GS2
was negatively associated with intakes of Zn, haeme Fe, vitamin
B12, cholesterol and SFA, which is consistent with the decrease in
meat consumption as the score increases.

Some components had a very low percentage of subjects
reaching them, whatever the overall level of adherence to guide-
lines (nut, legumes and salt in men). These food groups should
therefore be a main target for public health initiatives, in order to
increase population compliance with the recommendations.

Some other components had a large difference between Q1
and Q5, whether in absolute value (processed meat, fruits and
vegetables) or in relative value (salt, nuts, organic food). This
would suggest that public health initiative may be more effective
in specific segments of the population.

The decrease in concentrations of serum TAG, LDL-choles-
terol and systolic and diastolic blood pressure and the increase
in HDL-cholesterol concentrations with higher diet quality have
already been reported in previous studies(38–40). The fact that

Table 2. Characteristics of the participants by quintile (Q) of the Programme National Nutrition Santé – guidelines score 2 (PNNS-GS2), NutriNet-Santé
study, n 80 965
(Mean values and standard deviations; percentages)

Women Men

Total Q1 Q2 Q3 Q4 Q5 P Total Q1 Q2 Q3 Q4 Q5 P

PNNS-GS2
Mean 2·0 −2·6 0·4 2·1 3·8 6·3 −0·4 −5·6 −2·3 −0·3 1·7 4·8
SD 3·2 1·8 0·6 0·5 0·5 1·3 3·7 1·7 0·6 0·6 0·6 1·5

PNNS-GS2 range < −0·6 −0·6 to
1·3

1·3 to
2·9

2·9 to
4·7

> 4·7 < −3·5 −3·5 to
−1·3

−1·3 to
0·7

0·7 to
2·8

> 2·8

sPNNS-GS2
Mean 2·2 −2·4 0·6 2·4 4·0 6·4 −0·2 −5·6 −2·2 −0·1 2·0 5·0
SD 3·3 2·2 1·2 1·2 1·3 1·6 3·9 2·1 1·3 1·3 1·3 1·9

Age at inclusion
(years)†

***

Mean 43·0 38·7 41·2 43·1 44·9 47·1 49·4 46·8 48·6 49·4 50·6 51·4
SD 14·1 13·3 13·8 14·0 14·1 13·9 15·0 14·9 15·1 15·0 14·8 14·5

BMI (kg/m²)† ***
Mean 23·5 24·3 23·8 23·5 23·2 22·6 24·9 25·8 25·4 24·9 24·6 24·0
SD 4·6 5·4 4·8 4·5 4·2 4·0 3·9 4·4 4·0 3·7 3·7 3·4

Education‡ (%) *** ***
Primary 1·0 1·2 1·0 0·8 0·9 0·8 1·2 1·4 1·2 1·0 1·2 1·0
Secondary 33·8 36·1 33·6 33·8 33·0 32·6 35·3 39·3 37·5 34·1 33·6 32·2
University 65·2 62·6 65·4 65·4 66·1 66·5 63·5 59·3 61·3 64·9 65·2 66·7

Occupational
category§ (%)

*** ***

Farmers and
self-employed

1·7 1·9 1·8 1·6 1·6 1·8 2·5 3·2 2·5 2·2 2·3 2·5

Managerial staff 21·8 19·9 21·4 21·8 23·1 22·7 30·0 28·7 28·6 30·1 30·9 31·6
Employees 20·2 24·8 21·9 20·6 17·9 15·9 7·9 8·8 8·4 8·4 7·2 6·9
Students 8·2 10·1 9·1 8·3 7·3 6·3 4·1 5·0 4·8 4·3 3·4 3·3
Manual workers 0·7 1·2 0·8 0·6 0·6 0·4 2·5 4·1 3·0 2·3 1·7 1·7
Intermediate
professions

18·5 18·2 19·0 18·9 18·5 17·8 13·6 15·8 13·6 13·4 13·3 11·8

Retired 15·6 9·3 13·0 15·7 18·4 21·8 33·2 27·8 32·9 33·5 35·5 36·4
Unemployed 13·2 14·7 12·9 12·5 12·7 13·3 6·1 6·6 6·3 5·9 5·7 6·0

Income‡ (%) *** ***
≤1800 €/CU 47·9 55·0 50·3 47·4 45·0 41·7 36·7 41·6 39·1 35·6 33·0 33·9
1800–2700 €/CU 26·6 24·8 25·8 26·7 27·5 28·4 27·6 26·2 28·2 27·4 29·1 27·1
>2700 €/CU 25·5 20·2 23·9 25·9 27·6 29·9 35·7 32·2 32·7 37·0 37·9 39·0

Physical activity‡ (%) *** ***
0–30 min/d 28·3 34·5 30·9 28·9 26·1 20·9 21·0 24·7 21·3 21·3 19·8 18·1
30–60 min/d 25·4 24·6 26·4 25·4 25·8 24·8 21·0 19·5 21·3 21·4 21·3 21·5
≥60 min/d 46·3 40·9 42·7 45·7 48·1 54·4 58·0 55·8 57·4 57·4 58·9 60·4

Smoking§ (%) *** ***
Non-smokers 52·4 46·3 52·2 53·5 53·9 56·0 42·4 35·1 40·5 41·9 46·0 48·7
Former smokers 31·9 29·9 30·4 32·1 33·0 34·1 43·1 42·2 43·4 43·0 43·6 43·2
Smokers 15·8 23·8 17·5 14·4 13·2 9·9 14·5 22·7 16·1 15·1 10·4 8·0

Living status|| (%) *** 0·35
Living alone 29·2 27·5 27·4 28·5 30·4 32·4 22·3 23·2 22·6 21·4 21·6 22·7
Cohabiting 70·8 72·5 72·7 71·5 69·7 67·6 77·7 76·8 77·4 78·6 78·3 77·3

sPNNS-GS2, simplified PNNS-GS2; CU, consumption unit.
*** P≤0·0001.
† Linear contrast trend test.
‡ Spearman correlation test for ordinal variables.
§ Pearson χ2 association test.
|| Cochran–Armitage trend test.
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blood pressure was related to overall nutritional quality of diet,
beyond salt intake, was consistent with other dietary strategies
aiming at reducing hypertension(46). Despite the fact that these
associations were significant, the rather low magnitude of varia-
tion argues for limited interpretation in terms of clinical effect. In
addition, the cross-sectional design limits the interpretation in
terms of causalitywhich could be further studied in a prospective
design.

Convergent construct validity was satisfying as associations
with age, smoking habit, sex, energy intake and clinical and bio-
logical variables were globally similar to the literature(6,38–41).
Weighted Cohen’s κ and Pearson’s correlation coefficients
between PNNS-GS2 andmPNNS-GS gave expected criterion val-
idity with medium values, although there is no consensual cut-
off that would allow reaching a definite conclusion. Cronbach’s
α coefficients revealed a low internal consistency, which was
highly expected as components measure very different aspects
and since Cronbach’s α does not consider weightings.

Nevertheless, some limitations of the present study should be
reported. The major limitation is the self-recruiting bias in the
population. Indeed, participants of the NutriNet-Santé study
were volunteers in a nutrition-related cohort andwere thus more
interested in nutritional issues and healthy lifestyles than the gen-
eral population. Thus, any generalisation of our findings should
be undertaken with caution. Another selection bias pertains to

the availability of score components, as excluded and included
participants had different sociodemographic characteristics.
Caution in interpreting findings is also advised, as our very large
sample tends to yield highly significant test values althoughmag-
nitude may be too low to attest for a real clinical difference.

The present study’s results should also be interpreted in the
light of the inherent limitations to dietary index development. As
reviewed by Waijers(12), somewhat arbitrary decisions are
involved in scores’ construction. This cannot be avoided in a
guideline-based dietary score development, and components,
cut-offs, weights and food groups’ assignment were indeed
sometimes subjective. Values were, however, collegially
decided by a panel of nutrition and public health experts who
participated in the 2017 dietary guidelines revision, and based
on the scientific literature, which mitigates this issue.

On the other hand, our study exhibits important strengths.
First, it is based on nutritional data whose quality has been vali-
dated(26,47). Moreover, the web-based format of the question-
naire might lead to higher data consistency and lower social
desirability bias(47). The large sample of the NutriNet-Santé
allows access to a wide range of dietary behaviours. To the best
of our knowledge, the present study is the first that integrates
exposure to contaminants (with the proxy of organic food con-
sumption) in dietary score computation allowing to assess all
components of the 2017 recommendations.

Table 3. Percentage of subjects reaching recommendations component† by quintile (Q) of the Programme National Nutrition Santé – guidelines score 2
(PNNS-GS2), NutriNet-Santé study, 2009, n 80 965

Women Men

PNNS-GS2 quintile
Total
(%)

Q1
(%)

Q2
(%)

Q3
(%)

Q4
(%)

Q5
(%)

Δabs
(%)

Δrel
(%) P

Total
(%)

Q1
(%)

Q2
(%)

Q3
(%)

Q4
(%)

Q5
(%)

Δabs
(%)

Δrel
(%) P

Fruits and
vegetables

53·4 31·1 42·7 52·2 62·5 78·7 47·6 89·1 *** 59·2 37·2 51·5 58·7 67·8 81·2 44·0 74·3 ***

Organic fruits and
vegetables

13·2 4·3 6·8 9·3 14·7 30·9 26·6 201·5 *** 11·9 3·5 6·4 8·6 13·8 27·3 23·8 200·0 ***

Nuts 5·3 1·3 1·9 3·6 5·1 14·7 13·4 252·8 *** 5·9 1·9 2·5 3·6 6·1 15·2 13·3 225·4 ***
Legumes 4·0 2·2 2·6 2·8 4·0 8·2 6·0 150·0 *** 6·0 3·9 3·7 4·7 5·9 11·7 7·8 130·0 ***
Organic legumes 12·2 2·1 4·6 7·7 13·2 33·5 31·4 257·4 *** 9·7 1·1 3·5 5·9 10·7 27·4 26·3 271·1 ***
Whole-grain food 22·4 11·1 15·5 20·1 26·4 39·2 28·1 125·4 *** 27·0 12·4 20·2 24·1 30·9 47·4 35·0 129·6 ***
Organic grains 10·4 1·9 3·9 6·2 11·3 28·9 27·0 259·6 *** 8·0 0·9 2·8 4·8 8·9 22·7 21·8 272·5 ***
Milk and dairy

products
33·6 24·2 30·5 33·5 37·6 42·1 17·9 53·3 *** 28·5 19·9 25·6 29·1 31·6 36·2 16·3 57·2 ***

Red meat 83·3 68·0 79·0 85·0 89·5 95·3 27·3 32·8 *** 66·9 40·1 59·8 68·1 77·7 88·8 48·7 72·8 ***
Fish and seafood 18·5 11·9 16·1 18·9 20·6 25·1 13·2 71·4 *** 16·5 12·3 14·2 17·8 17·7 20·7 8·4 50·9 ***
Fatty fish 24·9 14·8 21·0 24·5 28·1 36·2 21·4 85·9 *** 24·9 16·5 21·5 25·6 28·2 32·8 16·3 65·5 ***
Processed meat 44·8 10·4 26·7 43·2 61·3 82·9 72·5 161·8 *** 33·3 4·2 13·9 27·5 45·1 75·8 71·6 215·0 ***
White ham ratio‡ 37·1 25·8 35·2 41·8 50·9 57·6 31·8 85·7 *** 25·3 15·1 22·2 27·1 35·2 48·4 33·3 131·6 ***
Added fat 82·8 81·3 82·2 82·5 83·3 84·7 3·4 4·1 *** 85·2 82·5 84·1 87·3 86·3 86·0 3·5 4·1 ***
Recommended oils

ratio§
75·8 67·9 71·3 74·8 78·5 86·7 18·8 24·8 *** 77·3 70·0 73·6 77·8 79·4 85·7 15·7 20·3 ***

Plant fat ratio 40·3 23·9 31·6 37·9 46·6 61·8 37·9 94·0 *** 33·0 18·5 25·5 30·4 37·8 52·8 34·3 103·9 ***
Sugary foods 76·8 59·9 69·8 76·7 84·9 92·8 32·9 42·8 *** 78·6 69·1 73·1 78·6 81·9 90·6 21·5 27·4 ***
Sweetened

beverages
19·2 11·5 15·9 18·3 21·9 28·6 17·1 89·1 *** 21·0 16·4 17·7 19·0 23·2 28·6 12·2 58·1 ***

Alcohol 30·9 22·9 27·0 29·5 32·6 42·8 19·9 64·4 *** 17·2 7·5 12·9 14·7 20·6 30·5 23·0 133·7 ***
Salt 18·1 2·9 7·9 14·1 22·1 43·9 41·0 226·5 *** 5·4 0·2 1·2 2·5 5·4 17·8 17·6 325·9 ***

Δabs, Absolute difference between Q1 and Q5; Δrel, relative difference between Q1 and Q5, regarding total.
*** P≤0·0001 (Cochran–Armitage trend test over Q1, Q2, Q3, Q4 and Q5).
† A participant is reaching a component if he or she earns 1 point or more on an adequacy component, and 0 on a moderation component.
‡ White ham ratio percentage is only computed for people who eat more than 150 g/d of processed meat (n 59 330).
§ Recommended oils are α-linolenic acid-rich oils and olive oil.
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Table 4. Nutrient intakes by quintile (Q) of the Programme National Nutrition Santé – guidelines score 2 (PNNS-GS2), NutriNet-Santé study, 2009, n 80 965†
(Mean values and standard deviations)

Women Men

Nutrients

Total Q1 Q2 Q3 Q4 Q5

P

Total Q1 Q2 Q3 Q4 Q5

PMean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Energy intake without

alcohol (kcal)‡

1726·1 391·5 1957·7 425·0 1786·0 374·8 1701·7 351·9 1623·2 342·2 1560·5 329·2 *** 2139·4 491·2 2420·7 512·9 2211·8 458·4 2098·1 442·1 2033·3 455·1 1932·2 436·3 ***

Ethanol (g/d) 6·0 8·7 10·5 13·1 6·7 8·8 5·4 7·1 4·3 5·5 3·1 4·4 *** 14·8 16·5 27·2 21·2 17·3 16·8 13·5 13·9 9·8 11·0 6·3 7·8 ***

Carbohydrates (%) 42·7 6·2 40·9 6·2 42·0 5·9 42·7 6·0 43·3 6·1 44·3 6·5 *** 43·2 6·4 40·4 6·0 42·2 6·0 43·3 5·8 44·5 6·1 45·8 6·8 ***

Sugars (%) 20·4 5·1 19·4 5·3 19·9 4·9 20·3 4·8 20·7 4·9 21·9 5·4 *** 19·2 5·3 17·5 5·2 18·5 5·0 19·2 4·9 19·9 4·9 20·9 5·6 ***

Proteins (%) 17·5 3·7 17·3 3·8 17·5 3·6 17·6 3·7 17·7 3·7 17·3 3·8 0·74 17·6 3·4 17·9 3·2 17·8 3·2 17·7 3·2 17·4 3·3 16·9 3·8 ***

Animal proteins (%) 12·0 4·0 12·6 3·9 12·4 3·8 12·2 3·9 12·0 3·9 10·7 4·4 *** 12·0 3·8 13·1 3·4 12·6 3·4 12·3 3·4 11·6 3·6 10·3 4·5 ***

Plant proteins (%) 5·5 1·3 4·7 0·9 5·1 1·0 5·4 1·0 5·7 1·2 6·5 1·6 *** 5·6 1·3 4·8 0·9 5·2 1·0 5·4 1·0 5·8 1·2 6·6 1·7 ***

Lipids (%) 39·6 5·9 41·5 5·4 40·2 5·4 39·4 5·6 38·6 5·9 38·0 6·4 *** 38·9 5·9 41·4 5·3 39·8 5·5 38·8 5·5 37·8 5·8 37·0 6·5 ***

SFA (%) 16·0 3·4 17·6 3·1 16·8 3·1 16·2 3·2 15·5 3·2 14·1 3·4 *** 15·7 3·5 17·4 3·0 16·5 3·1 16·0 3·2 15·2 3·3 13·6 3·5 ***

MUFA (%) 15·0 3·1 15·5 2·8 15·0 2·8 14·8 2·9 14·7 3·2 14·9 3·7 *** 14·7 3·1 15·5 2·7 14·9 2·9 14·5 2·8 14·2 3·0 14·3 3·7 ***

Total PUFA (%) 5·6 1·7 5·4 1·5 5·4 1·5 5·5 1·6 5·6 1·7 6·2 2·2 *** 5·6 1·9 5·5 1·5 5·4 1·5 5·4 1·6 5·5 1·7 6·2 2·6 ***

Total n-3 PUFA (%) 0·7 0·4 0·6 0·3 0·6 0·3 0·7 0·3 0·7 0·4 0·8 0·4 *** 0·7 0·3 0·6 0·3 0·6 0·3 0·6 0·3 0·7 0·3 0·8 0·5 ***

n-3: ALA (%) 0·5 0·2 0·4 0·1 0·4 0·2 0·5 0·2 0·5 0·2 0·6 0·3 *** 0·5 0·2 0·4 0·1 0·4 0·2 0·4 0·2 0·5 0·2 0·6 0·3 ***

n-3: DHA (%) 0·1 0·1 0·1 0·1 0·1 0·1 0·1 0·1 0·1 0·1 0·1 0·1 *** 0·1 0·1 0·1 0·1 0·1 0·1 0·1 0·1 0·1 0·1 0·1 0·1 ***

n-3: DPA (%) 0·1 0·1 0·0 0·1 0·1 0·1 0·1 0·1 0·1 0·1 0·1 0·1 *** 0·1 0·1 0·0 0·1 0·1 0·1 0·1 0·1 0·1 0·1 0·1 0·1 ***

n-3: EPA (%) 0·1 0·1 0·1 0·1 0·1 0·1 0·1 0·1 0·1 0·1 0·1 0·1 *** 0·1 0·1 0·1 0·1 0·1 0·1 0·1 0·1 0·1 0·1 0·1 0·1 ***

Total n-6 PUFA (%) 4·6 1·6 4·5 1·4 4·4 1·4 4·5 1·5 4·5 1·6 5·0 2·0 *** 4·6 1·7 4·5 1·4 4·4 1·4 4·4 1·4 4·5 1·6 5·1 2·4 ***

n-6: ALA (%) 4·5 1·6 4·5 1·4 4·4 1·4 4·4 1·5 4·5 1·6 5·0 2·0 *** 4·5 1·7 4·5 1·4 4·4 1·4 4·3 1·4 4·4 1·6 5·0 2·4 ***

n-3/n-6 ratio 0·2 0·1 0·1 0·1 0·2 0·1 0·2 0·1 0·2 0·1 0·2 0·1 *** 0·2 0·1 0·1 0·1 0·1 0·1 0·2 0·1 0·2 0·1 0·2 0·1 ***

Starch (g) 95·5 21·9 91·9 23·5 95·2 21·7 96·6 21·4 97·2 20·9 96·6 21·5 *** 127·9 29·6 121·2 30·7 126·5 28·9 128·5 27·8 131·3 28·8 132·2 30·2 ***

Fibre (g) 18·7 5·7 14·9 4·3 16·9 4·3 18·3 4·6 20·0 5·0 23·5 6·2 *** 22·2 6·9 17·3 5·0 20·1 5·0 21·7 5·3 23·8 5·9 28·0 7·6 ***

Total Fe (mg) 12·6 3·4 11·7 3·4 12·1 3·2 12·4 3·1 12·9 3·2 14·1 3·5 *** 15·7 4·4 14·9 4·2 15·1 4·1 15·4 4·0 15·7 4·2 17·4 4·8 ***

Haeme Fe (mg) 1·5 1·1 2·0 1·3 1·6 1·1 1·4 1·0 1·3 1·0 1·0 0·8 *** 2·0 1·5 2·9 1·7 2·3 1·4 2·0 1·3 1·7 1·2 1·3 1·1 ***

Na (mg) 2543·3 589·3 2834·0 703·9 2635·2 576·7 2534·6 525·4 2450·7 488·3 2258·9 459·0 *** 3252·7 727·1 3634·4 795·7 3396·3 715·5 3261·1 646·5 3115·9 609·9 2854·0 604·4 ***

K (mg) 2852·5 615·2 2651·0 584·2 2737·7 565·9 2824·4 578·6 2925·1 591·8 3126·9 641·9 *** 3391·6 680·9 3224·2 632·1 3294·9 635·9 3360·0 620·5 3430·9 660·0 3649·1 767·4 ***

Ca (mg) 886·9 223·6 855·1 247·0 883·7 225·2 896·3 215·7 903·9 214·0 895·6 210·7 *** 1017·7 253·4 975·5 275·7 1006·1 254·8 1031·9 247·0 1042·4 240·1 1032·8 241·8 ***

Mg (mg) 319·7 88·1 286·0 79·6 300·9 76·2 313·9 79·6 329·7 82·2 368·3 98·1 *** 386·8 106·7 350·6 91·2 365·5 92·0 378·5 93·5 394·5 100·5 445·2 126·5 ***

P (mg) 1202·8 234·9 1182·6 247·1 1187·2 227·1 1198·4 227·9 1210·8 221·0 1235·2 246·7 *** 1444·7 266·8 1424·7 255·4 1428·0 253·5 1437·5 244·6 1447·7 259·2 1485·8 311·6 ***

Zn (mg) 10·0 2·3 10·3 2·6 10·0 2·3 9·9 2·2 9·9 2·1 9·9 2·0 *** 12·6 2·8 13·3 3·1 12·7 2·9 12·6 2·8 12·3 2·7 12·2 2·5 ***

Cholesterol (mg) 294·6 97·1 320·4 109·1 306·3 94·4 297·3 90·5 287·2 87·6 261·3 91·9 *** 362·2 118·7 407·2 (126·8) 381·2 115·1 368·5 103·6 346·5 107·9 307·2 114·2 ***

Retinol (μg) 463·1 519·7 498·4 602·0 473·8 501·9 463·0 489·9 457·5 502·3 422·5 490·3 *** 591·6 625·1 677·8 733·9 619·6 627·6 590·6 590·9 563·0 590·4 506·4 554·3 ***

Se (μg) 66·1 19·8 64·0 20·6 65·4 19·9 66·3 19·3 67·3 19·3 67·6 19·6 *** 79·0 23·2 76·7 22·3 78·7 23·5 79·1 22·8 79·5 22·6 80·8 24·8 ***

β-Carotene (μg) 3411·4 2231·3 2627·0 1833·7 3046·2 1856·4 3342·0 2010·6 3665·3 2193·9 4386·2 2737·9 *** 3631·3 2509·0 2788·2 1862·9 3244·4 1979·9 3540·6 2194·0 3903·9 2599·8 4683·9 3239·1 ***

Thiamine (mg) 1·1 0·4 1·1 0·3 1·1 0·3 1·1 0·3 1·1 0·4 1·2 0·5 *** 1·4 0·7 1·4 1·2 1·3 0·3 1·3 0·4 1·3 0·5 1·4 0·5 ***

Riboflavin (mg) 1·7 0·4 1·6 0·5 1·7 0·4 1·7 0·4 1·7 0·4 1·7 0·4 *** 2·0 0·5 2·0 0·5 2·0 0·5 2·0 0·5 2·0 0·5 2·0 0·5 0·46

Nicotinamide (mg) 17·6 4·9 17·6 5·2 17·3 4·9 17·5 4·9 17·7 4·8 17·7 4·7 *** 21·9 6·0 22·4 6·2 21·9 5·7 21·7 5·8 21·6 5·8 22·0 6·3 *

Pantothenic acid (mg) 5·0 1·1 4·9 1·2 4·9 1·1 5·0 1·1 5·1 1·1 5·1 1·1 *** 6··0 1·2 6·0 1·2 6·0 1·2 6·0 1·2 6·1 1·2 6·1 1·3 ***

Pyridoxine (mg) 1·6 0·4 1·5 0·4 1·6 0·4 1·6 0·4 1·7 0·4 1·8 0·5 *** 2·0 0·5 1·9 0·5 2·0 0·5 2·0 0·5 2·0 0·5 2·2 0·6 ***

Folic acid (μg) 314·1 91·8 271·2 81·8 295·2 81·7 310·0 82·4 328·7 86·3 365·7 97·5 *** 360·1 99·7 313·2 86·2 339·8 84·9 355·4 86·4 374·0 91·8 418·2 114·1 ***

Vitamin A (μg) 1031·7 633·0 936·2 677·9 981·5 592·9 1020·0 588·2 1068·4 616·8 1153·5 662·3 *** 1196·8 736·6 1142·5 796·0 1160·4 703·0 1180·7 688·1 1213·7 739·1 1287·1 743·6 ***

Vitamin B12 (μg) 4·8 3·8 5·1 4·4 4·9 3·7 4·8 3·7 4·8 3·6 4·6 3·7 *** 6·4 4·7 7·0 5·3 6·6 4·7 6·4 4·7 6·1 4·1 5·8 4·4 ***

Vitamin C (mg) 112·6 61·2 95·7 57·3 105·4 61·5 111·1 61·0 118·8 57·3 132·4 62·1 *** 123·8 70·5 103·0 72·8 116·7 75·8 122·2 60·7 130·2 63·2 146·8 71·4 ***

Vitamin D (μg) 2·6 1·8 2·3 1·7 2·5 1·7 2·6 1·7 2·7 1·9 2·7 1·8 *** 3·1 2·1 2·9 1·9 3·1 2·1 3·1 2·0 3·2 2·1 3·3 2·4 ***

Vitamin E (μg) 11·2 3·4 10·1 3·6 10·6 3·1 11·0 3·1 11·5 3·1 12·7 3·7 *** 13·0 4·1 11·8 4·2 12·4 3·8 12·7 3·6 13·2 3·7 14·8 4·5 ***

n-3 ALA, α-linolenic acid; n-6 ALA, α-linoleic acid; DPA, docosapentaenoic acid.
* P≤0·05, *** P≤0·0001 (linear contrasts trend test).
† Percentage values are calculated as the percentage of total daily energy intake without alcohol. All other values are calculated by the residual method.
‡ To convert kcal to kJ, multiply by 4·184.
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Table 5. Nutritional biomarkers concentration by quintile (Q) of the Programme National Nutrition Santé – guidelines score 2 (PNNS-GS2), NutriNet-Santé study†
(Geometric means and 95 % confidence intervals)

Women Men

Q1 Q2 Q3 Q4 Q5 Q1 Q2 Q3 Q4 Q5

Blood sample test

Geometric

mean

95 %

CI

Geometric

mean

95 %

CI

Geometric

mean

95 %

CI

Geometric

mean

95 %

CI

Geometric

mean

95 %

CI

Δrel

(%) P

Geometric

mean

95 %

CI

Geometric

mean

95 %

CI

Geometric

mean

95 %

CI

Geometric

mean

95 %

CI

Geometric

mean

95 %

CI

Δrel

(%) P

Blood glucose (g/l)

(n 12 678/4742)‡

0·884 0·880,

0·888

0·880 0·877,

0·883

0·876 0·873,

0·880

0·882 0·879,

0·885

0·872 0·870,

0·875

−1·3 *** 0·920 0·912,

0·927

0·923 0·916,

0·929

0·922 0·916,

0·928

0·914 0·909,

0·920

0·911 0·905,

0·917

−0·9 *

TAG (g/l)

(n 12 816/4837)‡

0·88 0·87,

0·90

0·85 0·84,

0·86

0·82 0·81,

0·84

0·81 0·80,

0·82

0·78 0·77,

0·79

−12·9 *** 1·06 1·03,

1·10

1·00 0·97,

1·03

0·97 0·94,

1·00

0·93 0·90,

0·95

0·90 0·88,

0·93

−16·4 ***

Total cholesterol (g/l)

(n 11 544/3992)‡

2·14 2·12,

2·16

2·14 2·12,

2·15

2·12 2·11,

2·14

2·11 2·10,

2·12

2·08 2·07,

2·10

−2·6 *** 2·07 2·04,

2·10

2·07 2·05,

2·10

2·07 2·04,

2·10

2·04 2·01,

2·06

1·98 1·96,

2·01

−4·2 ***

HDL-cholesterol (g/l)

(n 12 951/5037)‡

0·62 0·61,

0·63

0·64 0·63,

0·65

0·64 0·64,

0·65

0·65 0·64,

0·65

0·66 0·65,

0·66

+5·5 *** 0·52 0·51,

0·53

0·54 0·53,

0·54

0·54 0·54,

0·55

0·55 0·54,

0·55

0·55 0·55,

0·56

+6·0 ***

LDL-cholesterol (g/l)

(n 11 524/3971)‡

1·31 1·29,

1·33

1·30 1·28,

1·31

1·28 1·27,

1·30

1·27 1·26,

1·29

1·24 1·23,

1·26

−4·8 *** 1·29 1·25,

1·32

1·29 1·26,

1·32

1·31 1·28,

1·34

1·28 1·26,

1·31

1·22 1·19,

1·24

−5·3 *

Systolic BP (mmHg)

(n 10 892/3614)‡

122·3 121·6,

123·0

120·4 119·8,

121·0

119·8 119·3,

120·4

119·3 118·8,

119·8

118·2 117·7,

118·7

−3·4 *** 132·6 131·3,

133·9

132·0 130·9,

133·1

130·4 129·4,

131·4

130·2 129·2,

131·1

128·8 127·9,

129·8

−2·9 ***

Diastolic BP (mmHg)

(n 10 892/3614)‡

75·0 74·5,

75·5

73·8 73·4,

74·2

73·6 73·2,

73·9

72·9 72·6,

73·3

72·6 72·3,

72·9

−3·2 *** 78·8 78·0,

79·7

78·1 77·4,

78·9

77·3 76·6,

78·0

77·2 76·6,

77·8

76·3 75·7,

77·0

−3·2 ***

Mean BP (mmHg)

(n 10 892/3614)‡

90·8 90·3,

91·4

89·4 88·9,

89·8

89·1 88·7,

89·5

88·5 88·1,

88·8

87·8 87·5,

88·2

−3·4 *** 96·8 95·9,

97·8

96·2 95·4,

97·0

95·1 94·4,

95·8

94·9 94·3,

95·6

93·9 93·2,

94·6

−3·1 ***

Δrel, Relative difference between Q1 and Q5, regarding total; BP, blood pressure.
* P≤0·05, *** P≤0·0001 (linear contrasts trend test on logarithms of values).
† Values are adjusted on alcohol intake, energy intake without alcohol and age at inclusion.
‡ Effectives are given as n women/men.
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Further studies should deepen construct validity by con-
fronting the PNNS-GS2 to health conditions, such as obesity,
CVD and cancer in the French population. In such studies, com-
paring the predictive value of PNNS-GS2 over PNNS-GS could
very be useful to demonstrate the added value of the new
recommendations.
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