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ABSTRACT 1 

Background: Nutrient Profiling Systems (NPSs), including the UK Food Standards Agency 2 

(FSA) NPS and its variants, are frequently used to classify foods according to their nutritional 3 

composition, for reasons related to preventing diseases and promoting health. However, the 4 

validity of these NPSs requires further investigation, especially regarding their prospective 5 

associations with health.  6 

 7 

Objective: The study aimed to investigate the associations of the original FSA-NPS and three 8 

variants – the Food Standards Australia New Zealand Nutrient Profiling Scoring Criterion 9 

(NPSC), the Health Star Rating system NPS (HSR-NPS) and the French NPS (HCSP-NPS) –, 10 

with weight status. 11 

 12 

Design: Dietary Indices (DIs) based on each of the four investigated NPSs applied at the food 13 

level were computed at the individual level to characterize the dietary quality of 71,178 14 

French individuals from the NutriNet-Santé cohort study. Associations of these four indices 15 

(coded as tertiles) with weight gain were assessed using multivariable mixed models for 16 

repeated measures, and with overweight and obesity risks using multivariable Cox models.  17 

 18 

Results: For the four NPSs, participants with a higher dietary index (reflecting lower diet 19 

nutritional quality) were more likely to have an increase in body mass index over time 20 

(median follow-up of 3.14 ± 2.76 years, beta coefficients positive, all p≤0.0001), and an 21 

increased risk of overweight (HRT3vs.T1=1.27 [1.17-1.37] for the French HCSP-DI, followed 22 

by the original FSA-DI with HRT3vs.T1=1.18 [1.09-1.28], the NPSC-DI with HRT3vs.T1=1.14 23 

[1.06-1.24] and the HSR-DI, HRT3vs.T1=1.12 [1.04-1.21]). Whilst differences were small, the 24 
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HCSP-DI appeared to show significantly greater association with risk of overweight 25 

compared to other NPS.  26 

 Conclusions: Less healthy diets defined using the FSA-NPS and related systems were all 27 

associated with weight gain and overweight risk. Demonstrating this association with health 28 

outcomes is an important indicator of the validity of NPSs and supports their use in public 29 

policies for the prevention of diet-related chronic diseases.  30 

 31 

Keywords: Nutritional quality, nutrient profiles, weight status, cohort, nutrition policy32 
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INTRODUCTION 33 

 34 

Non-Communicable Diseases (NCDs) are now the biggest cause of deaths worldwide, 35 

representing an important burden for individuals, governments and societies (1). Overweight 36 

and obesity are major risk factors for a number of NCDs, including cardiovascular diseases, 37 

diabetes and cancers. In 2016, 39% of adults developed an overweight and 13% an obesity 38 

worldwide, a prevalence which has almost tripled since 1975 (2). Nutrition-related behaviours 39 

implicated in the onset of overweight or obesity include both individual and environmental 40 

determinants that can be targeted through primary prevention interventions (1,3). In this 41 

context, public health authorities are implementing policies that promote healthier diets, 42 

including for example front-of-pack nutrition labelling, taxes on unhealthy foods, regulation 43 

of health and nutrition claims, restrictions on advertising to children, and programs which 44 

promote healthier product reformulation (4).  45 

 46 

Nutrient profiling, defined as ‘the science of categorising or ranking foods according to their 47 

nutritional composition’, allows characterization of different food products as more or less 48 

healthy (5). Nutrient profiling relies on two assumptions: (i) the health of individuals is 49 

related to healthiness of the diet, and (ii) the healthiness of the diet is in turn affected by the 50 

healthiness of the foods included in the diet (6). Nutrient profiling is frequently used to 51 

underpin policies to promote healthier diets (7,8). A logic pathway has been proposed by 52 

Sacks et al. to summarize the impact of public polices relying on Nutrient Profiling Systems 53 

(NPSs) on health outcomes (7). The effect of polices should modify the food environment and 54 

the eating behaviour of populations, thus impacting weight and body mass index through a 55 

modification of dietary and energy intakes. 56 
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In 2004, a NPS was developed in the United Kingdom by the Food Standards Agency (FSA-57 

NPS) for the purpose of regulating advertising to children (9). The NPS assigns a score for the 58 

overall nutritional quality of a food, balancing components which should be limited in the diet 59 

(i.e. energy, saturated fats, sugars, sodium) with components that are encouraged to be 60 

consumed (i.e. proteins, fibres, fruits, vegetables and nuts). The original FSA-NPS has been 61 

validated in several studies, demonstrating its ability to discriminate the nutritional quality of 62 

food products and its applicability in public health measures (5,6,10–12). Later, adaptations of 63 

this system were made for specific applications in other jurisdictions. In 2013, the Nutrient 64 

Profiling Scoring Criteria (NPSC) developed by the Food Standards Australia New Zealand 65 

was incorporated into legislation in Australia and New Zealand for the purposes of 66 

determining whether or not a product is eligible to display a health claim (13). In 2014, it was 67 

adapted further in Australia and New Zealand by a multi-stakeholder committee to underpin 68 

the government-endorsed voluntary Health Star Rating front-of-pack nutrition labelling 69 

system (HSR-NPS). In France, it has also been adapted for use in front-of-pack labelling, by 70 

the High Council of Public Health for the Nutri-Score system (HCSP-NPS).  71 

 72 

In the validation process of NPSs, and especially in the framework of NCDs prevention, it 73 

appears essential to investigate the potential association of these NPSs with health. An 74 

individual Dietary Index (DI) directly based on the original FSA-NPS (FSA-DI) applied at the 75 

food level has been developed to reflect the overall nutritional quality of the diet at an 76 

individual level (14), and then adapted to correspond to the HCSP-NPS. It has been shown 77 

that a higher dietary index based on this latter NPS, reflecting a lower overall diet nutritional 78 

quality, was associated with an increased risk of various adverse health outcomes in different 79 

French and European cohorts (e.g. cancers, cardiovascular diseases, metabolic syndrome, 80 

weight gain) (15–21).  81 
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No study has simultaneously investigated the associations of the original FSA-NPS and its 82 

derivatives with health outcomes and specifically, weight status.  83 

 84 

The present study aimed to investigate four nutrient profiling systems (original FSA-NPS, 85 

NPSC, HSR-NPS and French HCSP-NPS) and their associations with weight gain, 86 

overweight (including obesity) and obesity, in a large cohort of French participants from the 87 

general population.        88 

 89 

 90 

SUBJECTS AND METHODS 91 

 92 

Population study 93 

Participants of the present study were recruited from the NutriNet-Santé cohort, launched in 94 

France in 2009 to investigate the associations between nutrition and health as well as the 95 

determinants of dietary behaviours and nutritional status. The NutriNet-Santé study has been 96 

described in detail elsewhere (22). At inclusion and during the follow-up, participants are 97 

invited to complete a set of questionnaires on a dedicated website, including data on dietary 98 

intakes (repeated 24h dietary records), anthropometric measurements, health events, 99 

sociodemographic characteristics and physical activity (IPAQ questionnaire (23)). 100 

Sociodemographic data collected at baseline included sex, age, educational level, level of 101 

monthly income, marital status, and smoking status (24). The NutriNet-Santé study is 102 

conducted according to the Declaration of Helsinki guidelines. It was approved by the 103 

Institutional Review Board of the French Institute for Health and Medical Research (IRB 104 

Inserm n°0000388FWA00005831) and the "Commission Nationale de l’Informatique et des 105 

Libertés" (CNIL n°908450/n°909216). The NutriNet-Santé study is registered in 106 
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ClinicalTrials.gov (NCT03335644). Electronic informed consent is obtained from each 107 

participant. 108 

 109 

Anthropometric measurements  110 

At inclusion and each year of the follow-up, participants are invited to self-report information 111 

on height and weight. Web-based self-reported anthropometrics have been demonstrated to be 112 

valid against a traditional paper- and pencil- anthropometrics questionnaire (25) and face-to-113 

face declarations, using notably Kappa statistics and percent agreement (i.e., concordance) 114 

(26). BMI was calculated as the ratio of weight in kilograms to the square of height in meters 115 

(kg/m²). Overweight (including obesity) was defined by the World Health Organization as 116 

BMI ≥ 25 kg/m², and obesity as BMI ≥ 30 kg/m² (27). 117 

 118 

Dietary data 119 

At inclusion, participants were invited to complete three non-consecutive web-based dietary 120 

24h-records, randomly assigned over a two-week period (two weekdays and one week-end 121 

day), which have been tested and validated against an interview by a trained dietitian and 122 

against blood and urinary biomarkers (25,28,29). Participants were asked to declare all foods 123 

and beverages consumed during the main meals or any eating occasion on the recording day, 124 

and self-estimate portions using validated photographs, usual containers or specific quantity 125 

(30). Mean daily intakes were estimated using a published French food composition database 126 

(31). Amounts consumed from composite dishes were estimated using French recipes 127 

validated by food and nutrition professionals. Dietary underreporting was identified on the 128 

basis of the method proposed by Black, using the basal metabolic rate and Goldberg cut-off 129 

(with a value of Physical Activity Level PAL=1.55), and energy under-reporters were 130 

excluded from the analyses (N=14,170) (32).  131 
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Nutrient profiling systems (at the food level) 132 

The four NPSs investigated in the present study and their methods of calculation are described 133 

in detail in Supplemental Material 1.  134 

 135 

The original Food Standards Agency Nutrient Profiling System (original FSA-NPS) 136 

The original FSA score, developed in 2004-2005 in order to regulate advertising to children in 137 

the United Kingdom, relies on a scoring system based on the nutritional composition of a food 138 

or beverage per 100g/100ml. At the food level, the algorithm allocates positive points, from 0 139 

to 10, for the amount of unfavourable nutrients (energy (kJ), saturated fat (g), total sugars (g) 140 

and sodium (mg)), yielding a score for unfavourable components from 0 to +40. Then, 141 

negative points, from 0 to 5, are allocated for the amount of favourable components in the 142 

food (fruits, vegetables and nuts (%), fibre (g) and protein (g)), yielding a score for favourable 143 

components from 0 to -15. However, when the sum of negative components points is higher 144 

than 11, the positive points from the proteins component is not taken into account. The final 145 

score, corresponding to the sum between the negative and positive components scores, is a 146 

discrete continuous scale from -15 (for the foods with highest nutritional quality) to +40 147 

points (for the foods with lowest nutritional quality) (9). A higher score reflects a lower 148 

nutritional quality food or beverage. The nutrient profile is calculated using the same 149 

algorithm for all food categories and beverages. 150 

 151 

The Food Standards Australia New Zealand Nutrient Profiling Scoring Criterion (NPSC) 152 

The NPSC was developed in 2013 by the Food Standards Australia New Zealand to regulate 153 

eligibility of foods to display health claims in Australia and New Zealand. The main 154 

difference between the NPSC score and the original FSA-NPS is the addition of an extra 155 

category for oils, spreads and cheese and a category for beverages (33). Baseline points for 156 
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foods in this extra category for oils, spreads and cheese were extended linearly to 11 points 157 

for energy, 30 points for saturated fat, and 30 points for sodium. The scoring scales for 158 

baseline nutrients for other foods and beverages remained unchanged, i.e. maximum 10 159 

points. Additional changes to the original FSA-NPS included: enabling starchy vegetables to 160 

score fruit, vegetable, nut and legume points (reflecting national dietary guidelines); 161 

amending the eligibility cap to score protein points (13 points instead of 11) and increasing 162 

the number of points scored by a food that was 100% of fruit, vegetable, nut and legume (8 163 

points instead of 5); and increasing the starting point for total sugar (from 4.5g/100g to 164 

5g/100g) to ensure plain milks were eligible to display health claims. 165 

 166 

The Health Star Rating Nutrient Profiling System (HSR-NPS) 167 

The HSR-NPS was adapted from the NPSC by a multi-stakeholder committee with guidance 168 

from the Food Standards Australia New Zealand for the purpose of the Health Star Rating 169 

system, a government-led voluntary front-of-pack nutrition labelling system implemented in 170 

Australia and New Zealand since 2014. In the HSR-NPS, products are assigned to one of six 171 

categories (dairy beverages, other beverages, dairy foods, oils and spreads, cheese and 172 

processed cheese, all foods that are not included in previous categories). The NPSC scoring 173 

for oils and spreads, cheese and processed cheeses was maintained, however the scoring 174 

scales for baseline nutrients for dairy and non-dairy foods/beverages were extended to 11 175 

points for energy, 30 points for saturated fat, 22 points for total sugars, and 30 points for 176 

sodium; the scoring scale for fruit, vegetable, nut and legume was expanded from 5 to 8 177 

points, whilst those for fibre and protein were expanded from 5 to 15 points. The 178 

modifications were made to ensure better discrimination of the nutrient profile for foods 179 

within the same category. 180 

 181 
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The French High Council for Public Health NPS (HCSP-NPS) 182 

The original FSA-NPS was adapted in France for the purpose of front-of-pack labelling, 183 

namely the Nutri-Score, by the French High Council for Public Health in 2015 (34). The 184 

HCSP-NPS considers four specific food categories: beverages, fats and oils, cheese and a 185 

generic category for all other foods. The generic food category is the same as the original 186 

FSA-NPS. For the other three categories, the modifications were made on the allocation grid 187 

for specific components of the scoring system but maintaining its original structure and thus 188 

leading to a final score still based on a discrete continuous scale from -15 to +40 (34). For 189 

beverages, the thresholds for points’ attribution in energy and total sugars were modified and 190 

the maximum number of points for fruit, vegetable and nut was doubled. For the fats 191 

category, the calculation of the saturated fat component was modified to take into account the 192 

ratio of saturated fat on total fats. For cheeses, the final score takes into account the protein 193 

content, whatever the score of negative components. The modifications were made to ensure 194 

better discrimination of the nutrient profile for foods within the same category, and align these 195 

food categories with national nutritional recommendations. 196 

 197 

Dietary indices computation (at the individual level) 198 

For each of the four nutrient profiling systems included in the present study, a dietary index 199 

(14) was computed at the individual diet level (accounting for the whole diet) using arithmetic 200 

energy-weighted means with the following equation:  201 

DI =
∑ 𝐹𝑆𝑖𝐸𝑖
𝑛
𝑖=1

∑ 𝐸𝑖
𝑛
𝑖=1

 202 

Where i represents a food or beverage consumed by the participant, FSi  the food (or 203 

beverage) score, Ei, the mean daily energy intake from this food (or beverage) and n the 204 

number of different foods. A higher dietary index reflects a lower nutritional quality of the 205 
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individual’s overall diet. Given the similarity of the four scores’ computation at the food 206 

level, the same approach was used for the four nutrient profiles.   207 

 208 

Statistical analyses 209 

Participants from the NutriNet-Santé cohort, except pregnant women (N=2,890), with three 210 

dietary 24h-records at baseline were eligible for the present study. Participants with energy 211 

underreporting (N=14,170), with no anthropometrics or sociodemographic data (N=14,001), 212 

or dieting during the dietary data collection period (N=12,977) were excluded from the 213 

analyses, resulting in a population sample of 71,403 participants. We computed the 214 

distribution of the four dietary indices (mean, standard deviation, median, minimum and 215 

maximum) and the correlation coefficients between the indices using Spearman correlations. 216 

We described sociodemographic and lifestyle characteristics of the NutriNet-Santé sample by 217 

sex-specific tertile of each of the four dietary indices, and then compared them across tertiles 218 

for each index using Chi square or Mantel-Haenszel tests as appropriate. Individual 219 

characteristics included age (18-25, 26-45, 46-65, >65years), sex, educational level (primary, 220 

secondary, university),  monthly income (<900€/month, 900-2700€/month, >2700€/month), 221 

smoking status (non-smoker, former smoker, current smoker), marital status (in couple, 222 

single/divorced/widowed), physical activity level (low, moderate, high) and BMI (<18.5, 223 

18.5-24, 25-29, >30kg/m²). We calculated nutrient intakes across sex-specific tertiles of each 224 

dietary index using linear regression and applying the residual method to take into account 225 

energy intake (35), and we then compared them across tertile for each dietary index using 226 

analysis of variance. Multiple testing was taken into account using a False Discovery Rate 227 

approach (36). 228 

 229 

 230 
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Weight gain 231 

For each dietary index, we represented graphically the change of BMI over time by sex-232 

specific tertile. We measured the associations between each of the four individual dietary 233 

indices (as sex-specific tertiles) and BMI over time using mixed models for repeated measures 234 

(PROC MIXED in the statistical software SAS), with dietary indices as fixed effect, and 235 

intercept and time as random effects. Given the non-normal distribution of BMI, a logarithmic 236 

transformation was used to normalize the dependent variable in the models. The outcome 237 

modelled was the relative change in BMI. Models were adjusted for age, sex, educational 238 

level, level of monthly income, smoking status, marital status, physical activity level, energy 239 

intake, alcohol intake, and season of dietary data collection.  240 

 241 

Overweight and obesity 242 

Two sets of analyses were carried out, one for overweight (including obesity) and another for 243 

obesity separately. In each analysis, we excluded prevalent cases of overweight (N=18,433) 244 

or obesity (N=4,824) at baseline respectively, and participants with no follow-up and missing 245 

covariates, leading respectively to 40,096 participants for overweight analyses and 50,569 for 246 

obesity analyses. We characterized the association between individual dietary indices (sex-247 

specific tertiles) and overweight or obesity onset (Hazard Ratio (HR) and 95% Confidence 248 

Interval (CI)) using multivariable Cox proportional hazard models with age as the primary 249 

time variable (37). We verified the assumptions of risk proportionality through examination of 250 

the log–log (survival) versus log–time plots and Schoenfeld residuals, and the log-linearity 251 

assumption through the Martingale residuals plot. Participants contributed person-time to the 252 

Cox model until the date of onset of overweight or obesity for cases (defined as the middle 253 

date between the anthropometrics questionnaire in which the participant’s self-reported 254 

weight corresponding to overweight or obesity, and the previous one (38)) or the date of last 255 
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completed anthropometrics questionnaire for non-cases. Models were adjusted for age (time-256 

scale), sex, educational level, level of monthly income, smoking status, marital status, 257 

physical activity, energy intake, alcohol intake, and season of dietary data collection. 258 

Significant associations of the four dietary indices with overweight and obesity risk were 259 

formally compared two by two by including simultaneously two dietary indices in the model 260 

and using a Wald test (39).     261 

 262 

All analyses were carried out using the SAS software (version 9.4; SAS Institute, Inc.) and a 263 

p-value≤0.05 was considered statistically significant.  264 

 265 

 266 

RESULTS 267 

 268 

The flow chart of the present study with the different samples depending on the conducted 269 

analyses (descriptive, weight gain, overweight, or obesity) is shown in Figure 1.  270 

 271 

Descriptive analyses 272 

The distribution of the four dietary indices and the correlation coefficients between them are 273 

presented in Supplemental Table 1. Among the participants, the mean dietary index was 6.95 274 

± 2.50 points with the original FSA-NPS, 7.26 ± 2.91 points with the NPSC, 7.09 ± 3.33 275 

points with the HSR-NPS and 6.66 ± 2.54 points with the HCSP-NPS. The four dietary 276 

indices were highly correlated (all Spearman coefficients over 0.90 for continuous variables).  277 

The description of sociodemographic and lifestyle characteristics of the study sample 278 

(N=71,403) at baseline by sex-specific tertile of each of the four individual dietary indices is 279 

presented in Table 1. For the four NPSs, participants with a higher individual dietary index, 280 
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reflecting a lower overall nutritional quality of their diet, tended to be younger, with a 281 

university educational level, a lower income per household unit, to be smokers and less 282 

physically active. Regarding the marital status, participants in the extreme tertiles (tertiles 1 283 

and 3) were more likely to live alone. Nutrient intakes across each dietary index are displayed 284 

in Table 2. Participants with a higher individual dietary index (tertile 3) had significantly 285 

higher intakes of energy, total fat, cholesterol, saturated fat, alcohol, added sugars and sodium 286 

(except for the HCSP-NPS) and lower intakes of carbohydrates, simple sugars, protein, 287 

polyunsaturated fat, fibres, vitamins and minerals.   288 

 289 

Prospective analyses 290 

A total of 71,403 participants were included in the weight gain analyses (measured using the 291 

BMI), with a median follow-up of 3.14 ± 2.76 years. BMI change over time by sex-specific 292 

tertile of dietary indices is shown in Figure 2. The mean BMI for each year and each tertile of 293 

dietary index is presented along with the 95% confidence interval of the mean. Graphically, 294 

while an increase of BMI was observed in all tertiles of each individual dietary index, the 295 

BMI gain appeared to be higher for participants in tertile 2 and particularly in tertile 3 of all 296 

dietary indexes (individuals with a lower overall dietary quality) compared to individuals 297 

from tertile 1. Results of the prospective associations between the four dietary indices and 298 

BMI change are shown in Table 3. For the four NPSs, participants in tertiles 2 and 3, having 299 

lower dietary nutritional quality) had higher BMI at baseline (β coefficients for tertiles 2 and 300 

3 >0) compared to those in the 1st tertile (reference in the model). In the four NPS, 301 

participants in the 1st tertile of dietary index had a significant increase in BMI over time (β 302 

coefficients for time significantly >0). However, participants in tertile 2 and especially in 303 

tertile 3 of each dietary index had a significantly higher increase of BMI over time compared 304 

to tertile 1 (β coefficients for interactions terms between time and tertile >0), with a 305 
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significantly higher effect magnitude for the HCSP-DI (βT3*time=0.18(0.16-0.20), p<0.0001), 306 

followed by the original FSA-DI (βT3*time=0.14(0.11-0.16), p<0.0001), and then the NPSC-DI 307 

(βT3*time=0.09(0.06-0.11), p<0.0001) and the HSR-DI (βT3*time=0.09(0.07-0.11), p<0.0001).  308 

 309 

Results of the associations between the four dietary indices and overweight (N=40,096 310 

participants, 4.96 ± 2.93 years of median follow-up) or obesity (N=50,569 participants, 5.32 ± 311 

2.90 years of median follow-up) risks are presented in Table 4. During the course of the 312 

follow-up, 4,488 participants developed overweight and 1,582 obesity. Overall, participants 313 

with a higher dietary index reflecting a lower diet quality (tertile 2 and particularly tertile 3) 314 

had a significant increased risk of overweight compared to tertile 1: HRT3 vs. T1=1.27[1.17-315 

1.37] (p-trend<0.0001) for the HCSP-DI, followed by the original FSA-DI with HRT3 vs. 316 

T1=1.18[1.09-1.28] (p-trend<0.0001), the NPSC-DI with HRT3 vs. T1=1.14[1.06-1.24] (p-317 

trend=0.0008) and then the HSR-DI, HRT3 vs. T1=1.12[1.04-1.21] (p-trend=0.003). No 318 

association was found between any of the four dietary indexes and the risk of obesity. 319 

Associations between the four NPS with overweight risk were compared (Table 5); no 320 

comparison was made for obesity given the non-significant results. When both the HCSP-DI 321 

and the original FSA-DI were included in the model, the HCSP-DI was associated with a 322 

significant increased risk of overweight while the original FSA-DI was associated with a 323 

significantly decreased risk. Similar results were observed when both the HCSP-DI and 324 

NPSC-DI, or the HCSP-DI and HSR-DI, were included in the model: the HCSP-DI was 325 

associated with a significantly increased risk while the other index was associated to a 326 

significantly decreased risk. Conversely, when both the NPSC-DI and the original FSA-DI, or 327 

the HSR-DI and the original FSA-DI, were included in the model, the original FSA-DI was 328 

associated with a significantly increased risk of overweight while the NPSC-DI or the HSR-329 

DI were associated to a significantly decreased risk. When both NPSC and HSR dietary 330 
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indices were included in the model, neither index was significantly associated with risk of 331 

overweight.    332 

 333 

 334 

DISCUSSION 335 

 336 

In the present study, participants with a lower nutritional quality diet, measured by higher 337 

dietary indices based on the four NPSs, had a higher increase in BMI over time and were at 338 

higher risk of becoming overweight. The HCSP-DI appeared to be more strongly associated 339 

with risk of becoming overweight, followed by the original FSA-DI, and then the NPSC-DI 340 

and HSR-DI.  341 

 342 

Very few studies to date have investigated the associations between NPSs, either FSA-NPS or 343 

its variants, and anthropometric measurements (21,40). One study conducted in another 344 

French cohort found that participants with poorer diet measured by a higher HCSP-DI had a 345 

higher weight and BMI gain, and an increased risk of overweight, and obesity (among men 346 

only) (21). Another study investigated the relationship between the nutritional quality of 347 

meals and snacks assessed using the original FSA-NPS with BMI and waist circumference in 348 

British adults, and observed a positive association between the FSA-DI of snacks 349 

consumption only, and BMI and waist circumference among women (40).  350 

 351 

Several assumptions could explain the associations of the NPSs observed in the study with 352 

weight gain or overweight. First, the computation of the scores at the food level using the four 353 

NPSs tested in the study is based on the composition of the food product in energy, saturated 354 

fats, sugars, protein, fibre and fruits, vegetables and nuts. The inclusion of these key 355 
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components leads to an association between higher dietary indexes and higher intakes of 356 

energy, fats, saturated fats, added sugars and potentially sodium, and lower intakes of 357 

carbohydrates, protein and fibre (together with higher/lower levels of nutrients and other 358 

components not included in the NPSs), a finding consistent with previous work (14). Given 359 

that individuals tend to maintain a constant volume of food intake, diet rich in fats would lead 360 

to a passive over-consumption related to their high energy to volume ratio, promoting energy 361 

intake (41,42). In contrast, it has been suggested that other macronutrients – proteins and 362 

carbohydrates to a lesser extent – have a positive effect on satiety (41,43). Regarding fibres, 363 

several physiological effects could explain their effect on energy regulation, including notably 364 

a positive impact on satiety or on a decrease in fat and protein absorption (42,43). Thus, 365 

weight gain and overweight could be related to these dietary factors, influencing the energy 366 

balance of individuals (44). Our findings on the associations between dietary indices and 367 

nutrient intakes are consistent with a study where a higher HCSP-DI was associated with a 368 

higher consumption of food groups which can affect weight status and thus should be limited, 369 

such as sugary snacks, sweetened beverages, cheeses, fats and sauces, or processed meat, and 370 

a lower consumption of fruits, vegetables, and legumes for example (14,43). Second, 371 

improved adherence to dietary guidelines by participants with a lower dietary index, which 372 

reflects a better overall diet nutritional quality, may lead to more favourable outcomes 373 

regarding weight status. Indeed, it has been previously demonstrated that the HCSP-DI was 374 

correlated with the PNNS-GS (Programme National Nutrition Santé - Guideline Score) 375 

reflecting the adherence to the French nutritional recommendations of 2001 (14).  376 

 377 

The relative differences observed between the HCSP and the NPSC or HSR indices may be 378 

partly explained by: 1.the specific modification of the scoring system for sweetened beverages 379 

in the HCSP-NPS which are penalized more and have higher scores at the food level, and 2. 380 
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the inclusion of starchy vegetables in the scoring of fruits, vegetables, nuts and legumes 381 

points for the NPSC and HSR-NPS, which may have improved their nutrient profile, 382 

including for processed foods such as potato chips or French fries.  383 

 384 

Validation of a nutrient profiling system requires several steps including an assessment of its 385 

content, construct and predictive validity (45). However, although NPSs are developed in the 386 

framework of NCDs prevention and thus their associations with health outcomes (predictive 387 

validity) is of major importance to test, this dimension of NPS validity is rarely verified (8). 388 

More broadly, a recent systematic review has revealed that no information on validity testing 389 

could be found for 58% of NPS models assessed in the review (8). When comparing the 390 

performance of the various indices, by including two indices at a time in the analyses, a 391 

significant relative risk over 1 for the first index while the relative risk of the second index is 392 

below 1 indicate that the first index is more strongly associated to the outcome and shows 393 

higher performance compared to the other index. In these analyses, we observed a higher 394 

performance of the HCSP-NPS compared to other indices, suggesting that the specific 395 

modifications of this NPS are leading to a stronger association with overweight. Conversely, 396 

NPSC and HSR did not appear to be associated with an improved performance compared to 397 

the original FSA. Nevertheless, the differences observed between the four NPS were of small 398 

magnitude. This suggests that the prospective associations mainly relate to the common core 399 

of the profiling system and that adaptations, including modification to the scoring or the use 400 

of food categories, have only a marginal impact on the association with weight gain or 401 

overweight. This finding suggests that the results of validation studies undertaken on a 402 

specific NPS might apply to adaptations of the same NPS. Our results also suggest two 403 

avenues to improve the health impact of NPS adaptations. On the one hand, testing the 404 

prospective associations with health may determine whether the adaptation yields significant 405 
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improvements from the original, in particular in the view of preventing NCDs. On the other 406 

hand, a specific method to improve NPSs specifically to take their prospective associations 407 

with health into account could be developed, to ensure that adaptation leads to significant 408 

health gains.   409 

 410 

Strengths of the study include its prospective design and the large sample of participants. 411 

Moreover, the dietary data collected in the NutriNet-Santé cohort using 24h dietary records 412 

were validated against an interview by a trained dietitian and blood and urinary biomarkers 413 

(25,28,29). Regarding anthropometric measurements, self-reported online data were 414 

demonstrated to be consistent with face-to-face declarations (26). Furthermore, very few other 415 

studies have investigated the associations between nutrient profiling systems and health 416 

outcomes, nor the potential impact of specific modifications of an original nutrient profiling 417 

system on these associations.  418 

However, limitations should be acknowledged. First, participants in the NutriNet-Santé cohort 419 

have higher educational level and monthly incomes, with more health conscious behaviour 420 

and thereby may have healthier dietary indexes resulting in less weight gain and overweight 421 

or obesity, as compared to the general French population. Second, the relatively short follow-422 

up period (median of 5.32 ± 2.90 years) may partly explain the absence of significant results 423 

for obesity risk. Repeating these analyses with a longer duration of follow-up would allow us 424 

to validate our findings, in particular for obesity. Third, the presence of residual confounding 425 

related to our exposure and outcomes measurement cannot be excluded. These issues may 426 

have resulted in underestimation of the associations between dietary indexes and health 427 

outcomes, and may have impaired our ability to detect an association with obesity. However, 428 

such underestimation impacts all the indexes equally and therefore should not be considered 429 

as a bias in the comparison of the nutrient indexes. Another limitation which could be 430 
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highlighted is the use of weight gain as health outcome which does not always reflect an 431 

unhealthy fat mass gain. Thus, it might be notably interesting to conduct similar analyses 432 

using other indicators than BMI, such as waist circumference measuring adiposity more 433 

precisely. Finally, the study was conducted among a French cohort, while the original FSA-434 

NPS was adapted for use in United Kingdom and the NPSC and HSR-NPS in New-Zealand 435 

and Australia, where the local food supply and nutritional recommendations differ. These 436 

adaptations specific to a particular context may limit the extrapolation of the observed 437 

associations in populations from United Kingdom, New-Zealand and Australia.        438 

 439 

In conclusion, the original FSA-NPS and the three systems adapted for specific application 440 

(HCSP, NPSC and HSR) all appear to be associated with weight gain and the risk of 441 

overweight. Thus, public health policies based on the NPSs represent efficient tools to 442 

improve the health status of consumers, by informing and encouraging individuals towards 443 

healthier food choices and improving the food environment. With respect to the prospective 444 

aspect of NPS validity, modifications of the FSA system on scoring and use of categories 445 

seem to have marginal – though significant – impact on the association with weight outcomes.     446 
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Table 1. Description of the population by sex-specific tertile of individual dietary indices (NutriNet-Santé sample N=71,403) 

 Original FSA-DI 
P* 

NPSC-DI 
P* 

HSR-DI 
P* 

HCSP-DI 
P* 

  
Tertile 1 Tertile 2 Tertile 3 Tertile 1 Tertile 2 Tertile 3 Tertile 1 Tertile 2 Tertile 3 Tertile 1 Tertile 2 

Tertile 

3 

Age (years) 
   <0.0001    <0.0001    <0.0001    <0.0001 

18-26 8.33 11.10 16.34  9.46 12.14 14.17  9.31 11.75 14.71  6.97 10.47 18.33  

26-46 32.22 41.76 50.07  33.60 41.89 48.57  33.42 41.84 48.79  30.65 41.64 51.77  

46-65 48.44 40.06 29.73  46.76 38.93 32.54  46.89 39.41 31.92  50.64 40.81 26.77  

>65 11.02 7.08 3.86  10.18 7.03 4.73  10.37 7.00 4.58  11.74 7.08 3.13  

Educational level 
   <0.0001    <0.0001    <0.0001    <0.0001 

Primary 20.47 17.24 14.89  19.97 16.83 15.79  20.20 16.93 15.47  21.03 17.15 14.41  

Secondary 16.20 16.49 17.68  16.49 16.79 17.09  16.49 16.75 17.13  15.80 16.28 18.29  

University 63.34 66.27 67.43  63.54 66.38 67.12  63.32 66.32 67.40  63.17 66.57 67.30  

Marital status 
   <0.0001    <0.0001    <0.0001    <0.0001 

In couple 69.76 72.85 70.36  69.37 72.30 71.29  69.38 72.44 71.15  70.27 73.33 69.36  

Single/divorced/widowed 30.24 27.15 29.64  30.63 27.70 28.71  30.62 27.56 28.85  29.73 26.67 30.64  

Income per household unit (€/month) <0.0001    <0.0001    <0.0001    <0.0001 

≤900 9.42 9.76 12.53  9.82 9.87 12.03  9.76 9.89 12.08  8.99 9.48 13.25  

900-2700 51.29 54.28 55.49  51.16 54.29 55.62  51.05 54.50 55.51  51.21 54.37 55.48  

>2700 28.05 25.31 21.36  27.46 25.22 22.03  27.61 25.15 21.96  28.55 25.87 20.30  

No answer 11.24 10.65 10.62  11.56 10.63 10.31  11.58 10.46 10.46  11.24 10.29 10.97  

Smoking status 
   <0.0001    <0.0001    <0.0001    <0.0001 

Current 12.09 15.57 21.21  12.45 15.67 20.76  12.51 15.60 20.76  11.61 15.56 21.70  

Former 36.05 33.07 29.32  35.01 32.86 30.57  35.46 32.85 30.13  37.34 33.27 27.83  

Never 51.86 51.36 49.47  52.55 51.47 48.67  52.03 51.55 49.11  51.04 51.17 50.47  

BMI category (kg/m²) 
  <0.0001    <0.0001    <0.0001    <0.0001 

<18.5 6.61 5.42 6.08  6.71 5.47 5.93  6.57 5.51 6.03  6.56 5.21 6.34  

18.5-25 68.39 68.36 67.25  68.78 68.35 66.86  68.45 68.14 67.41  68.22 68.35 67.43  

25-29 19.29 19.55 18.79  18.96 19.39 19.28  19.19 19.57 18.88  19.56 19.80 18.28  

≥30 5.71 6.67 7.88  5.55 6.79 7.92  5.79 6.79 7.68  5.66 6.65 7.95  

Physical activity 
   <0.0001    <0.0001    <0.0001    <0.0001 

High 39.46 32.59 28.57  38.79 32.52 29.31  38.95 32.46 29.20  39.92 32.80 27.90  

Moderate 41.97 43.61 43.25  42.28 43.44 43.11  42.10 43.62 43.11  41.78 43.58 43.47  

Low 18.57 23.80 28.18   18.94 24.04 27.58   18.95 23.91 27.69   18.30 23.62 28.62   
 ¶ P-values from chi square or Mantel-Haenszel tests as appropriate.  
DI: Dietary Index; FSA: Food Standards Agency; HCSP: High Council for Public Health; HSR: Health Star Rating; NPSC: Nutrient Profiling System Criterion 
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Table 2. Nutrient intakes across sex-specific tertile of individual dietary indices (NutriNet-Santé sample N=71,403) 

 Original FSA-DI NPSC-DI HSR-DI HCSP-DI 

  Tertile 1 Tertile 2 Tertile 3 P* Tertile 1 Tertile 2 Tertile 3 P* Tertile 1 Tertile 2 Tertile 3 P* Tertile 1 Tertile 2 Tertile 3 P* 

FSA-NPS DI 4.21 ± 1.48 7.01 ± 0.59 9.62 ± 1.26  4.07 ± 1.78 7.36 ± 0.69 10.34 ± 1.44  3.43 ± 2.05 7.21 ± 0.78 10.62 ± 1.65   3.89 ± 1.44 6.70 ± 0.61 9.40 ± 1.30  

Energy, kcal/d 1741.41 1884.16 2024.2 <0.0001 1745.66 1880.43 2023.67 <0.0001 1745.03 1879.04 2025.7 <0.0001 1745.13 1881.87 2022.77 <0.0001 

Carbohydrate, % energy 46.07 43.41 40.92 <0.0001 46.28 43.49 40.64 <0.0001 45.78 43.55 41.08 <0.0001 45.53 43.32 41.56 <0.0001 

Fat, % energy 35.59 39.66 43.5 <0.0001 35.51 39.6 43.64 <0.0001 35.85 39.55 43.35 <0.0001 36.08 39.71 42.96 <0.0001 

Protein, % energy 18.34 16.93 15.58 <0.0001 18.21 16.91 15.72 <0.0001 18.37 16.9 15.57 <0.0001 18.39 16.98 15.47 <0.0001 

Alcohol, g/d 7.35 8.6 9.35 <0.0001 7.31 8.55 9.44 <0.0001 7.48 8.59 9.23 <0.0001 7.53 8.74 9.03 <0.0001 

Cholesterol, g/d 286.14 316.37 337.6 <0.0001 283.74 316.49 339.87 <0.0001 286.33 316.24 337.53 <0.0001 285.6 317.95 336.56 <0.0001 

Saturated fat, g/d 28.08 34.03 39.84 <0.0001 27.73 33.91 40.31 <0.0001 27.82 33.9 40.22 <0.0001 28.14 34.24 39.57 <0.0001 

Polyunsaturated fat, g/d 12.67 11.64 11.37 <0.0001 12.81 11.69 11.19 <0.0001 12.99 11.65 11.06 <0.0001 12.9 11.58 11.21 <0.0001 

Fibers, g/d 24.4 19.46 16.07 <0.0001 24.33 19.34 16.27 <0.0001 24.32 19.37 16.24 <0.0001 24.68 19.46 15.79 <0.0001 

Simple sugars, g/d 99.55 94.61 91.62 <0.0001 100.84 95.29 89.65 <0.0001 99.51 95.17 91.09 <0.0001 97.54 93.87 94.37 <0.0001 

Added sugars, g/d 32.73 40.3 47.69 <0.0001 33.84 41.14 45.73 <0.0001 33.16 40.85 46.71 <0.0001 31.16 39.59 49.97 <0.0001 

Sodium, mg/d 2718.63 2753 2754.5 <0.0001 2702.17 2747.37 2776.59 <0.0001 2691.3 2753.36 2781.46 <0.0001 2732.22 2767.43 2726.48 <0.0001 

Beta-carotene, µg/d 4308.32 3395.79 2742.26 <0.0001 4279.05 3351.8 2815.53 <0.0001 4265.68 3371.56 2809.13 <0.0001 4384.04 3411.32 2651.02 <0.0001 

Vitamin C, µg/d 141.27 118.62 97.31 <0.0001 141.56 117.97 97.66 <0.0001 140.42 118.55 98.22 <0.0001 139.71 118.02 99.46 <0.0001 

Vitamin E, µg/d 12.95 11.71 11.11 <0.0001 13.1 11.76 10.91 <0.0001 13.23 11.74 10.8 <0.0001 13.18 11.67 10.92 <0.0001 

Vitamin B6, µg/d 2.02 1.74 1.52 <0.0001 2.03 1.74 1.51 <0.0001 2.04 1.74 1.49 <0.0001 2.02 1.74 1.51 <0.0001 

Folic acid, µg/d 384.12 326.68 283.32 <0.0001 383.39 325.37 285.37 <0.0001 383.34 325.99 284.8 <0.0001 386.98 327.43 279.72 <0.0001 

Vitamin B12, µg/d 5.58 5.17 4.67 <0.0001 5.49 5.18 4.75 <0.0001 5.58 5.19 4.65 <0.0001 5.63 5.2 4.59 <0.0001 

Vitamin D, µg/d 2.95 2.64 2.48 <0.0001 2.93 2.66 2.5 <0.0001 2.97 2.64 2.47 <0.0001 2.95 2.66 2.46 <0.0001 

Calcium, mg/d 960.71 925.61 899.58 <0.0001 950.01 920.05 915.84 <0.0001 948.55 922.73 914.61 <0.0001 970.29 930.27 885.33 <0.0001 

Potassium, mg/d 3429.56 2970.79 2592.35 <0.0001 3429.15 2963.51 2600.04 <0.0001 3428.52 2965.88 2598.31 <0.0001 3440.46 2972.79 2579.45 <0.0001 

Phosphorus, mg/d 1373.5 1256.41 1172.07 <0.0001 1364.81 1253.72 1183.45 <0.0001 1372.37 1253.61 1176 <0.0001 1380.82 1258.68 1162.48 <0.0001 

Zinc, µg/d 11.52 10.79 10.03 <0.0001 11.42 10.77 10.16 <0.0001 11.54 10.78 10.03 <0.0001 11.59 10.82 9.93 <0.0001 

Iron, µg/d 15.22 13.45 12.32 <0.0001 15.19 13.43 12.37 <0.0001 15.28 13.43 12.28 <0.0001 15.31 13.46 12.22 <0.0001 
¶ P-values for trend across tertiles derived from unadjusted ANOVAs. Nutrient intakes are adjusted for energy using the residual method. 

NS: Non-significant p-value, before and after correction for multiple testing.  
DI: Dietary Index; FSA: Food Standards Agency; HCSP: High Council for Public Health; HSR: Health Star Rating; NPSC: Nutrient Profiling System Criterion 
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Table 3. Association between the four individual dietary indices and weight gain (NutriNet-Santé sample N=71,403) 

  
     Original FSA-DI NPSC-DI HSR-DI HCSP-DI 

β (95% CI) P-value β (95% CI) P-value β (95% CI) P-value β (95% CI) P-value 

Tertile 2 (BMI difference at baseline with the reference – T1) 0.85 (0.58-1.13) <0.0001 0.93 (0.66-1.20) <0.0001 0.74 (0.47-1.02) <0.0001 0.12 (0.86-1.41) <0.0001 

Tertile 3 (BMI difference at baseline with the reference – T1) 1.12 (0.83-1.41) <0.0001 0.98 (0.69-1.26) <0.0001 0.61 (0.33-0.90) <0.0001 1.43 (1.14-1.72) <0.0001 

Time (weight gain / year in the reference – T1) 0.09 (0.07-0.10) <0.0001 0.11 (0.09-0.12) <0.0001 0.11 (0.09-0.12) <0.0001 0.08 (0.06-0.09) <0.0001 

Time*tertile 2 (additional BMI gain / year compared to T1) 0.05 (0.02-0.07) 0.0001 0.05 (0.03-0.08) <0.0001 0.05 (0.02-0.07) <0.0001 0.06 (0.04-0.08) <0.0001 

Time*tertile 3 (additional BMI gain / year compared to T1) 0.14 (0.11-0.16) <0.0001 0.09 (0.06-0.11) <0.0001 0.09 (0.07-0.11) <0.0001 0.18 (0.16-0.20) <0.0001 
a Models were adjusted for age, sex, level of monthly income, educational level, marital status, physical activity, energy intake, alcohol intake, and season of dietary data collection. Analyses 

were computed overall, and by sex. 
b Estimates β of parameters, corresponding to the modelling of log(BMI), were thus transformed as follows: β’=[Exponential(β)-1]*100, interpreted as a variation of BMI in percentage. 

CI: Confidence Interval; DI: Dietary Index; FSA: Food Standards Agency; HCSP: High Council for Public Health; HSR: Health Star Rating; NPSC: Nutrient Profiling System Criterion; T: 

Tertile 
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Table 4. Prospective associations between the four individual dietary indices and overweight or obesity risk  

  

  

Original FSA-DI NPSC-DI HSR-DI HCSP-DI 

Cases / 

person-years 
HR[95%CI] P-trend 

Cases / 

person-years 
HR[95%CI] P-trend 

Cases / 

person-years 
HR[95%CI] P-trend 

Cases / 

person-years 
HR[95%CI] P-trend 

Overweight (NutriNet-Santé sample N=40,096) 

     Continuous 4488/199045 1.03 [1.02-1.05] <0.0001 4488/199045 1.04 [1.03-1.05] <0.0001 4488/199045 1.02 [1.01-1.03] 0.0001 4488/199045 1.02 [1.01-1.03] <0.0001 

             

     Tertile 1 1335/68010 1 (ref) <0.0001 1327/67637 1 (ref) 0.0008 1345/67497 1 (ref) 0.003 1296/68539 1 (ref) <0.0001 

     Tertile 2 1505/67364 1.08 [1.00-1.17]  1550/66578 1.13 [1.05-1.22]  1536/66740 1.10 [1.02-1.19]  1518/67607 1.13 [1.05-1.22]  

     Tertile 3 1648/63671 1.18 [1.09-1.28]  1611/64830 1.14 [1.06-1.24]  1607/64808 1.12 [1.04-1.21]  1674/62899 1.27 [1.17-1.37]  

Obesity (NutriNet-Santé sample N=50,569) 

     Continuous 1582/269051 1.03 [1.00-1.05] 0.03 1582/269051 1.02 [1.00-1.04] 0.09 1582/269051 1.01 [0.99-1.02] 0.3 1582/269051 1.03 [1.01-1.06] 0.004 

             

     Tertile 1 476/91288 1 (ref) 0.1 474/90892 1 (ref) 0.2 480/90767 1 (ref) 0.5 470/91856 1 (ref) 0.05 

     Tertile 2 524/90962 1.03 [0.91-1.17]  525/90346 1.04 [0.92-1.18]  534/90316 1.05 [0.93-1.19]  529/91305 1.06 [0.93-1.20]  

     Tertile 3 582/86802 1.10 [0.97-1.25]  583/87813 1.10 [0.96-1.25]  568/87968 1.05 [0.92-1.19]  583/85890 1.14 [1.00-1.30]  
a Models were adjusted for age (time-scale), sex, level of monthly income, educational level, physical activity, energy intake, alcohol intake, number of dietary records, and season of dietary data 

collection.  

HR: Hazard Ratio; CI: Confidence Interval 

DI: Dietary Index; FSA: Food Standards Agency; HCSP: High Council for Public Health; HSR: Health Star Rating; NPSC: Nutrient Profiling System Criterion 
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Table 5. Comparisons of the associations between the four individual FSA dietary indexes and overweight risk (NutriNet-Santé sample N=40,096) 

 RR [95%IC] P-trend P Wald 

HCSP-DI 1.17 [1.11-1.23] <0.0001 <0.0001 

Original FSA-DI 0.89 [0.84-0.94] <0.0001  

    

HSR-DI 0.96 [0.93-0.99] 0.008 0.0005 

Original FSA-DI 1.09 [1.05-1.14] <0.0001  

    

NPSC-DI 0.96 [0.93-1.00] 0.04 0.004 

Original FSA-DI 1.08 [1.03-1.13] 0.0006  

    

HCSP-DI 1.11 [1.07-1.14] <0.0001 <0.0001 

HSR-DI 0.95 [0.93-0.97] <0.0001  

    

HCSP-DI 1.10 [1.06-1.13] <.0001 <0.0001 

NPSC-DI 0.95 [0.93-0.98] 0.0005  

    

HSR-DI 0.98 [0.92-1.03] 0.4 0.2 

NPSC-DI 1.05 [0.99-1.12] 0.1  

To test whether the β coefficients for two dietary indices were different, the method of Chiuve et al. was used: the Wald statistic was calculated using the following formula 

X² = [ (β1 – β2) / square root ( var(β1 – β2) ) ]² where β1 is the β coefficient of the first dietary index, β2 the β coefficient of the second dietary index and var(β1 – β2) = 

var(β1) + var(β2) – 2 * cov(β1, β2).   
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Figure 1. Flow chart of the study populations 

Figure 2. Change in BMI over time in years, by tertile of dietary indice 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


