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Abstract
The Food Standards Agency Nutrient Proﬁling System (FSA-NPS) constitutes the basis for the Five-Colour Nutrition Label suggested in France
to be put on the front-of-pack of food products. At the individual level, a dietary index (FSA-NPS DI) has been derived and validated and
corresponds to a weighted mean of all FSA-NPS scores of foods usually consumed by the individual, reﬂecting the nutritional quality of his/her
diet. Our aim was to investigate the association between the FSA-NPS DI and cancer risk in a large cohort. This prospective study included
6435 participants to the SUpplémentation en VItamines et Minéraux AntioXydants cohort (1994–2007) who completed at least six 24 h dietary
records during the ﬁrst 2 years of follow-up. FSA-NPS DI was computed for each subject (higher values representing lower nutritional quality
of the diet). After a median follow-up of 12·6 years, 453 incident cancers were diagnosed. Associations were characterised by multivariate Cox
proportional hazards models. The FSA-NPS DI was directly associated with overall cancer risk (hazard ratio (HR)for a 1-point increment = 1·08
(95 % CI 1·01, 1·15), Ptrend = 0·02; HRQ5 v. Q1 = 1·34 (95 % CI 1·00, 1·81), Ptrend = 0·03). This association tended to be more speciﬁcally observed
in subjects with moderate energy intake (≤ median, HRfor a 1-point increment = 1·10 (95 % CI 1·01-1·20), Ptrend = 0·03). No association was
observed in subjects with higher energy intake (Ptrend = 0·3). Results were not statistically signiﬁcant for breast and prostate cancer risks. For
the ﬁrst time, this study investigated the prospective association between the FSA-NPS individual score and cancer risk. The results suggest that
unhealthy food choices may be associated with a 34 % increase in overall cancer risk, supporting the public health relevance of developing
front-of-pack nutrition labels based on this score.
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Nutrition is one of the key modiﬁable risk factors that strongly
inﬂuences the development of non-communicable chronic
diseases(1,2). The WHO estimated that about 20 % of deaths
worldwide are attributable to inadequate diet or physical
inactivity(1). Most of the Western countries have developed
public health nutrition programmes to tackle this issue, as in
France, where the National Nutrition and Health Program
(PNNS) has been implemented since the year 2000(3). In this
context, it has recently been proposed(4) that putting a FiveColour Nutrition Label (5-CNL) on the front-of-package of food
products representing their overall nutritional quality might
help consumers make healthier food choices. Nutritional quality
of the product, and thus its colour, can be determined based on
a nutrient proﬁling system (NPS). NPS aims at positioning

individual foodstuffs based on their nutritional characteristics. It
usually involves an algorithm that takes the nutritional content
in various foodstuffs into account and gives a single-score
output(5–9). The NPS, developed in the UK by the Food
Standards Agency (termed FSA-NPS), is one of the most scientiﬁcally validated systems in the European context(10–12). It has
been developed and validated initially in the British food
environment(13), but previous studies have demonstrated its
applicability to the French context(14,15). Considering its
simplicity of computation (the input variables being content
of energy, total sugar, SFA, Na, fruits, vegetables, ﬁbres and
proteins), this proﬁling system has been proposed as a basis to
determine the overall nutritional quality of foodstuffs in France
(and thus the corresponding colour of the 5-CNL)(4). It has been
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used in the UK for deﬁning conditions of regulation of television advertisements and could also be used as a basis to
implement food taxes or subsidies(16).
To evaluate the potential inﬂuence of such nutritional public
health measures, it is important to assess whether subjects
consuming a larger proportion of healthy food items (i.e. with
lower FSA-NPS scores) develop less chronic pathologies such as
cancer or CVD. In order to test this hypothesis, an individual
dietary index (DI) based on the FSA-NPS has been previously
deﬁned and validated(13,14). This FSA-NPS DI corresponds to
a weighted mean of all FSA-NPS scores of foods usually
consumed by the individual, and thus reﬂects the nutritional
quality of his/her diet. Cancer is one of the most incident
non-communicable chronic diseases in developed countries. In
France, it represents the ﬁrst cause of death in men and the
second in women(17). As part of a series of aetiological analyses
on FSA-NPS DI and health outcomes conducted by specialists of
each disease, the aim of the present study was to investigate the
association between the individual FSA-NPS DI and the risk of
cancer in a large French prospective cohort (SUpplémentation
en VItamines et Minéraux AntioXydants (SU.VI.MAX)).

Methods
Study population
The SU.VI.MAX study is a population-based, double-blind,
placebo-controlled, randomised trial (trial registration clinicaltrials.gov identiﬁer: NCT00272428) initially designed to assess
the effect of a daily antioxidant supplementation at nutritional
doses on the incidence of CVD and cancer(18). A total of 13 017
subjects were enroled in 1994–1995. The intervention study
lasted 8 years, and observational follow-up of health events was
maintained until September 2007. Subjects provided their written informed consent.

Ethical standards
The study was conducted according to the Declaration of
Helsinki guidelines and was approved by the Ethics Committee
for Studies with Human Subjects at the Paris-Cochin Hospital
(CCPPRB n 706/ n 2364) and the ‘Commission Nationale de
l’Informatique et des Libertés’ (CNIL n 334 641/ n 907 094).

Dietary data collection
Participants were invited to complete a dietary record every
2 months between 1994 and 2002, in which they recalled all
foods and beverages consumed during periods of 24 h. These
dietary records were randomly distributed between weekdays
and weekend days and over seasons to take into account
intra-individual variability. Dietary records from the ﬁrst 2 years
of follow-up were used in the present study to comply with
the prospective design. Completion was made through the
Minitel Telematic Network, a French telephone-based terminal
equivalent to an Internet prototype. Portion sizes were
assessed, thanks to a validated picture booklet(19), and the
amounts consumed from composite dishes were estimated

1703

using French recipes validated by food and nutrition professionals.
Mean daily energy, alcohol and nutrient intakes were estimated
using a published French food composition table(20).

Data collection for covariates
At enrolment, self-administered questionnaires were ﬁlled in by
participants about socio-demographic characteristics, smoking
status, medication use, number of live births, family history of
cancer and menopausal status. Baseline physical activity was
self-evaluated by asking the participants whether they currently
practiced a regular physical activity, and if yes whether it was
equivalent to 1 h/d of walking or less. Anthropometric (height
and weight) measurements were taken by study nurses and
physicians during a baseline clinical examination; 35 ml fasting
venous blood samples were collected in vacutainer tubes and
were used to determine the baseline plasma concentrations of
total prostate-speciﬁc antigen (PSA) measured by immunoassay
(Roche Diagnostics).

Cases ascertainment
As described elsewhere(18), health events occurring during the
follow-up were self-reported by the participants. Medical data
were then gathered through participants, physicians and/or
hospitals and were reviewed by an independent physician
expert committee. Pathological reports were used to validate the
cases and to extract cancer characteristics. Cases were classiﬁed
using the International Chronic Diseases Classiﬁcation, 10th
Revision, Clinical Modiﬁcation (ICD-10)(21). All ﬁrst incident
primary cancers were considered as cases in this study.

Food Standards Agency Nutrient Proﬁling System Dietary
Index computation
As described previously(10,15), the FSA score for all foods
(processed and unprocessed) and beverages was computed
taking into account the nutrient content for 100 g. FSA-NPS
scores for foods and beverages are based on a discrete
continuous scale from −15 (most healthy) to +40 (less healthy)
(see online Supplementary material 1). FSA score allocates
points (0–10) for content in energy (kJ), total sugar (g), SFA (g)
and Na (mg). Points (0–5) are subtracted from the previous sum
according to content in fruits, vegetables, ﬁbres and proteins.
An increase of this score, therefore, reﬂects decreasing
nutritional quality of the food or beverage item.
In a second step, the FSA-NPS DI was computed at the
individual level using arithmetic energy-weighted means with
the following equation(14), in which FSi represents the food (or
beverage) score and Ei represents energy intake from that
particular food or beverage:
n
P

FSi Ei
:
FSANPS DI i¼1n
P
Ei
i¼1

This energy-weighted aggregation system was selected rather
than other systems based on weighting by food quantity in
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grams for instance, as the latter gives excessive and
disproportionate weight to water, beverages and foods with
high water content, as tested previously(22). Increasing
FSA-NPS DI reﬂects decreasing quality in foods consumed.

Statistical analyses
From the 13 017 participants of the SU.VI.MAX study, 161 were
excluded because they reported a diagnosis of cancer before
the start of follow-up. We also excluded participants in
whom an incident cancer was diagnosed within the ﬁrst 3 years
of follow-up (n 106) in order to avoid pre-clinical bias
(i.e. inﬂuence of the pre-cancerous condition on dietary
behaviour) and to guarantee a prospective design. Among the
remaining participants, 6584 provided at least six 24 h dietary
records within the ﬁrst 2 years of follow-up, among whom 6435
were normo-energy reporters, and were thus included in the
analyses. Indeed, as usually performed in the SU.VI.MAX
cohort(23), 24 h records that reported <418·4 kJ/d (<100 kcal/d)
or 25 104 kJ/d (>6000 kcal/d) were dropped, and men reporting
3347·2 kJ/d (<800 kcal/d) and women reporting 2092 kJ/d
(<500 kcal/d) across ≥60 % of their dietary records were
excluded (n 149). There was no missing value for all covariates,
except for smoking status, physical activity and BMI, for which
<5 % of values were missing and were replaced by the mode.
In order to check for dietary consistency over time, we
computed the Pearson’s correlation coefﬁcient between the
FSA-NPS DI of each subject calculated: (1) in 1994–1995
(i.e. ﬁrst 2 years of follow-up used in this study to comply with
a prospective design) and (2) during the whole dietary assessment period of the SU.VI.MAX study (8·5 years, 1994–2002).
Baseline characteristics of participants were compared across
sex-speciﬁc quintiles of FSA-NPS DI using ordinal polytomous
logistic regressions. Hazard ratios (HR) and 95 % CI obtained
from Cox proportional hazards models with age as the primary
time variable were used to characterise the association between
FSA-NPS DI (coded as a continuous variable and as sex-speciﬁc
quintiles) and overall cancer risk, as well as prostate and breast
cancer risks (i.e. most incident cancer sites in France). Participants contributed person-time to the Cox models until the date
of diagnosis of the studied cancer type (overall, breast or
prostate), the date of last completed questionnaire (if subjects
were lost to follow-up before September 2007), the date of
death or September 2007, whichever occurred ﬁrst. For cancer
site-speciﬁc analyses, participants who reported other cancer
types than the ones studied during the study period were
included and censored at the date of diagnosis (except those
with basal cell skin carcinoma, which was not considered as
cancer). We conﬁrmed that the assumptions of proportionality
were satisﬁed through examination of the log–log (survival) v.
log–time plots. Tests for linear trends were performed using the
ordinal score on quintiles of FSA-NPS DI. Multivariate models
for overall cancer risk were adjusted for age (time-scale in the
Cox model), sex, intervention group of the initial SU.VI.MAX
trial (antioxidant/placebo), number of dietary records
(continuous), baseline BMI (<25/25 to <30/ ≥30 kg/m2),
physical activity (irregular, < or ≥1 h/d walking or equivalent),
smoking status (never/former-current), educational level

(primary/secondary/university), family history of cancer in ﬁrstdegree relatives (yes/no) and alcohol intake (continuous).
Breast cancer models were further adjusted for baseline
menopausal status (menopausal/non menopausal), use of
hormonal treatment for menopause at baseline (current, yes/
no), number of live births (continuous), height (continuous)
and family history of breast cancer (yes/no). Prostate cancer
models were further adjusted for baseline PSA concentration
(continuous), height (continuous) and family history of prostate
cancer (yes/no).
Analyses stratiﬁed by the sex-speciﬁc median of energy
intake without alcohol were also carried out, as it has been
suggested that overall nutritional quality of the diet may more
thoroughly impact disease risk in people with moderate
energy intake and less in people with high energy intake(24).
Breast cancer models were also computed separately for
post-menopausal women only (women contributed to the
post-menopausal model from their age of menopause). All the
tests were two-sided, and P < 0·05 was considered statistically
signiﬁcant. SAS version 9.3 (SAS Institute) was used for the
analyses.

Results
The median follow-up time was 12·6 years; 42·4 % of the
participants were males, and 5·2 % of the subjects were lost to
follow-up. A total of 453 incident cancer cases were diagnosed
during follow-up: 125 breast (thirty-one pre-menopausal and
ninety-four post-menopausal), 112 prostate, thirty-ﬁve skin,
twenty-four colorectal, eleven lung, eleven ovary and 135 other
cancers. Mean age at diagnosis was 60·0 years, 57·4 for breast
cancer and 63·5 for prostate cancer. Among breast cancers, 59 %
were oestrogen receptor positive and 43 % were progesterone
receptor positive; 62 % were ductal, 15 % were lobular and 23 %
were derived from other types. Among prostate cancer cases,
5 % had a Gleason score between 2 and 4, 87 % between 5 and
7 and 8 % between 8 and 10.
The FSA-NPS DI value was highly consistent over time
(Pearson’s correlation coefﬁcient = 0·92 between the ﬁrst 2
years of follow-up and the whole dietary assessment period).
Characteristics of the participants are described in Table 1.
Participants with a lower FSA-NPS DI (i.e. with a healthier diet)
tended to be older, never-smokers, more physically active, with
lower alcohol and energy intakes, have lower educational level
and higher BMI.
Table 2 presents associations between quintiles of FSA-NPS
DI and overall, breast and prostate cancer risks. FSA-NPS DI
was associated with increased overall cancer risk (HRfor an
increment of 1 point of the score = 1·08 (95 % CI 1·01, 1·15), Ptrend =
0·02, HRQ5 v. Q1 = 1·34 (95 % CI 1·00, 1·81), Ptrend = 0·03).
Similar results were obtained when the analyses were restricted
to invasive cancer cases (n 416, HRfor an increment of 1 point of the
score = 1·08 (95 % CI 1·01, 1·16), Ptrend = 0·02, data not tabulated). Associations with prostate (Ptrend, continuous score = 0·3)
and breast (Ptrend, continuous score = 0·9) cancers were not statistically signiﬁcant. Breast cancer results were unchanged when
focusing on post-menopausal women only (Ptrend = 0·4 for the
continuous score and 0·8 for quintiles, data not tabulated).
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Table 1. Baseline characteristics of the study population, SUpplémentation en VItamines et Minéraux AntioXydants Cohort, France, 1994–2007
(Mean values and standard deviations for quantitative variables; numbers and percentages for qualitative variables)
Sex-specific quintiles of FSA-NPS DI
All

Q1

n
n
FSA-NPS DI
Mean

%

SD

Educational level
Primary
Secondary
University
Smoking status
Never smoker
Former smoker
Current smoker
Physical activity
Irregular
<1 h/d of walk or equivalent
≥1 h/d of walk or equivalent
BMI (kg/m2)
<25
≥25 to <30
≥30
Family history of cancer
All cancers (yes)
Breast cancer (yes)†
Prostate cancer (yes)‡
Intervention group
Antioxidants
Placebo
Number of 24 h dietary records
Mean
SD

Without alcohol energy intake (kJ/d)
Mean
SD

Without alcohol energy intake (kcal/d)
Mean
SD

Alcohol intake (g/d)
Mean
SD

n

%

Q3

n

%

Q4

n

%

Q5

n

%

n

%

6435

1287

1287

1287

1287

1287

7·2
1·5

5·02
0·90

6·47
0·27

7·26
0·22

8·00
0·24

9·22
0·66

49·2
6·4

50·8
6·2

49·8
6·2

49·1
6·3

48·5
6·3

47·5
6·4

P*
<0·0001

SD

Age (years)
Mean

Q2

<0·0001
<0·0001
1315
2442
2678

20·4
37·9
41·6

302
501
484

23·5
38·9
37·6

270
501
516

21·0
38·9
40·1

271
483
533

21·1
37·5
41·4

254
479
554

19·7
37·2
43·1

218
478
591

16·9
37·2
45·9

3097
2493
845

48·1
38·7
13·1

673
479
135

52·3
37·2
10·5

662
495
130

51·4
38·5
10·1

631
492
164

49·0
38·2
12·7

616
488
183

47·9
37·9
14·2

515
539
233

40·0
41·9
18·1

1566
1945
2924

24·3
30·2
45·4

299
372
616

23·2
28·9
47·9

295
366
626

22·9
28·4
48·7

315
386
586

24·5
30·0
45·5

318
413
556

24·7
32·1
43·2

339
408
540

26·3
31·7
42·0

4243
1810
382

66·0
28·1
5·9

763
425
99

59·3
33·0
7·7

857
353
77

66·6
27·4
6·0

873
352
62

67·8
27·4
4·8

862
348
77

67·0
27·0
6·0

888
332
67

69·0
25·8
5·2

2276
321
139

35·4
8·7
5·1

458
76
25

35·6
10·3
4·6

470
68
29

36·5
9·2
5·3

460
58
28

35·7
7·8
5·1

467
63
30

36·3
8·5
5·5

421
56
27

32·7
7·6
5·0

3202
3233

49·8
50·2

622
665

48·3
51·7

638
649

49·6
50·4

633
654

49·2
50·8

650
637

50·5
49·5

659
628

51·2
48·8

<0·0001

0·0004

<0·0001

0·2
0·06
0·8
0·1

0·05
10·6
2·4

10·5
2·4

10·6
2·3

10·7
2·5

10·8
2·3

10·6
2·4

8296·9
2255·2

7393·1
2267·7

8137·9
2188·2

8380·6
2117·1

8736·2
2167·3

8836·6
2255·9

1983
539

1767
542

1945
523

2003
506

2088
518

2112
532

18·8
20·6

14·0
18·5

16·7
19·6

18·8
20·8

20·8
20·5

23·5
22·3

<0·0001
<0·0001
<0·0001

FSA-NPS DI Food Standards Agency Nutrient Profiling System Dietary Index.
*P value for the comparison between quintiles of FSA-NPS DI, by ordinal polytomous logistic regressions.
† In women only.
‡ In men only.

Similar results were obtained when adjusting all the models
for daily energy intake as a continuous variable (HRfor an
increment of 1 point of the score = 1·08 (95 % CI 1·01, 1·15), Ptrend =
0·03 for overall cancer risk; Ptrend, continuous score = 0·3 for
prostate cancer risk and Ptrend, continuous score = 0·9 for breast
cancer risk, data not tabulated).
Association between FSA-NPS DI and overall cancer risk
stratiﬁed by the median of energy intake without alcohol is
shown in Table 3. Although the interaction between FSA-NPS
DI and energy intake was not statistically signiﬁcant (P = 0·27),
results tended to differ across energy strata. FSA-NPS DI
was directly associated with overall cancer risk in subjects with

low-to-moderate energy intake (HRfor an increment of 1 point of the
score = 1·10 (95 % CI 1·01, 1·20), Ptrend = 0·03), but not in subjects
with higher energy intake (Ptrend = 0·3), despite similar statistical
power in both energy strata.

Discussion
For the ﬁrst time, this prospective study investigated the association between the FSA-NPS individual DI and cancer risk. The
results showed that participants with higher FSA-NPS DI values
(corresponding to food choices of lower nutritional quality)
were at higher risk of developing overall cancer.
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Table 2. Associations between quintiles (Q)* of Food Standards Agency Nutrient Profiling System Dietary Index (FSA-NPS DI) and overall, prostate and
breast cancer risk from multivariate Cox proportional hazards model, SUpplémentation en VItamines et Minéraux AntioXydants (SU.VI.MAX) cohort,
France, 1994–2007
(Hazard ratios (HR) and 95 % confidence intervals)
FSA-NPS DI
All cancers (n 453)†
Continuous score
Quintiles
Q1
Q2
Q3
Q4
Q5
Prostate cancer (n 112)‡
Continuous score
Quintiles
Q1
Q2
Q3
Q4
Q5
Breast cancer (n 125)§
Continuous score
Quintiles
Q1
Q2
Q3
Q4
Q5

n for cases/non cases

91/1196
83/1204
100/1187
87/1200
92/1195

29/1258
18/1269
26/1261
16/1271
23/1264

26/1261
27/1260
27/1260
23/1264
22/1265

HR

95 % CI

Ptrend

1·08

1·01, 1·15

0·02
0·03

1
0·98
1·27
1·16
1·34

0·73,
0·96,
0·86,
1·00,

1·07

0·93, 1·22

1
0·82
1·24
0·83
1·31

0·45,
0·71,
0·44,
0·74,

1·01

0·90, 1·14

1
1·11
1·15
1·03
1·08

0·65,
0·67,
0·58,
0·60,

1·32
1·70
1·56
1·81
0·3
0·4

1·50
2·14
1·56
2·33
0·9
0·9

1·92
1·92
1·83
1·94

* Sex-specific cut-offs for quintiles of FSA-NPS DI were 6·12/6·97/7·66/8·41 for men and 5·88/6·82/7·59/8·43 for women.
† Adjusted for age, sex, intervention group of the initial SU.VI.MAX trial, number of dietary records, smoking status, educational level, physical activity, BMI, family history of overall
cancer and alcohol intake.
‡ Same adjustment + baseline prostate-specific antigen level, height and family history of prostate (instead of overall) cancer.
§ Same adjustment + menopausal status at baseline, use of hormonal treatment for menopause at baseline, number of live births, height and family history of breast (instead of
overall) cancer.

Table 3. Associations between quintiles (Q)* of Food Standards Agency Nutrient Profiling System Dietary Index (FSA-NPS DI) and overall cancer risk from
multivariate Cox proportional hazards models† stratified by daily energy intake, SUpplémentation en VItamines et Minéraux AntioXydants (SU.VI.MAX)
cohort, France, 1994–2007
(Hazard ratios (HR) and 95 % confidence intervals)
FSA-NPS DI
All cancers (n 453)
Energy intake < population median‡
Continuous score
Quintiles
Q1
Q2
Q3
Q4
Q5
Energy intake ≥ population median§
Continuous score
Quintiles
Q1
Q2
Q3
Q4
Q5

n for cases/non cases

61/829
47/637
43/576
36/485
42/461

30/367
36/567
57/611
51/715
50/734

HR

95 % CI

Ptrend

1·10

1·01, 1·20

0·03
0·08

1
1·06
1·14
1·14
1·47

0·72,
0·77,
0·75,
0·98,

1·06

0·95, 1·17

1
0·88
1·37
1·15
1·26

0·54,
0·87,
0·73,
0·79,

1·55
1·70
1·73
2·21
0·3
0·2

1·43
2·13
1·81
2·00

* In both energy strata, sex-specific cut-offs for quintiles of FSA-NPS DI were 6·12/6·97/7·66/8·41 for men and 5·88/6·82/7·59/8·43 for women.
† Adjusted for age, sex, intervention group of the initial SU.VI.MAX trial, number of dietary records, smoking status, educational level, physical activity, BMI, family history of overall
cancer and alcohol intake.
‡ Below the population median of without alcohol daily energy intake, that is, 9380·5 kJ/d (2242 kcal/d) for men and 7296·9 kJ/d (1744 kcal/d) for women.
§ Equal to or above the population median of without alcohol daily energy intake.

Other existing a priori scores that have been speciﬁcally
designed based on current nutritional recommendations for
cancer prevention (e.g. the World Cancer Research Fund

(WCRF) and American Institute for Cancer Research (AICR)
score, which is more cancer-speciﬁc)(25,26) probably have
stronger associations with cancer risk because they include
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additional items that are relevant regarding this pathology
(food-related items such as red/processed meat or alcohol and
other nutrition-related items such as weight status or physical
activity). Increasing the degree of complexity of the score with the
introduction of additional nutritional compounds (e.g. some
vitamins or minerals) associated with cancer risk would probably
increase its pertinence regarding cancer risk prediction. However,
the aim of the present study was to test speciﬁcally the association
between FSA-NPS DI and cancer risk, as FSA-NPS (or a modiﬁed
form of this score) is envisioned to serve as a basis for food
labelling in the framework of public health policies in several
countries such as France and Australia. Indeed, FSA-NPS presents
several key advantages in this context. Notably, it has been
designed in a perspective of prevention of a large range of chronic
diseases (not only cancers) and is easy to compute for industrials
and public health stakeholders(27–29).
Previous prospective studies investigated the relationship
between individual scores of overall nutritional quality of the
diet and cancer incidence or cancer mortality, and showed either
inverse (better nutritional quality associated with lower
risk)(25,26,30–37) or null(23,30,38–40) associations. In particular, Chiuve
et al.(38) investigated the association between the Overall Nutritional Quality Index (ONQI) and the risk of chronic diseases
within the Nurses’ Health Study and the Health Professional
Follow-up Study and observed no association with cancer risk.
Despite a large sample, their null result (v. a positive association in
our cohort) may be explained by (1) the use of an aggregated FFQ
(135–138 items) providing less-precise estimates of dietary intakes
than 24 h dietary records and (2) the computation of the score
involving thirty nutrients, many of them having no consistent
association with cancer risk, which may have diluted the relevance
of this score regarding the cancer outcome. To our knowledge,
this study(38) was the only one that investigated score/classiﬁcation
of foods eaten in relationship with individual health outcomes, and
no previous longitudinal study has speciﬁcally provided such
information for FSA-NPS DI.
Our ﬁnding is consistent with the knowledge regarding the
relationships between components of the score and cancer risk.
Indeed, based on systematic reviews, meta-analyses and
collective expertise of epidemiological and mechanistic
literature, the WCRF/AICR(41–45) determined that dietary ﬁbre
intake is associated with decreased colorectal cancer risk
(evidence qualiﬁed as ‘convincing’) and fruit and vegetable
intake is associated with lower mouth, pharynx, larynx,
oesophagus, gastric and lung (fruit only) cancer risk (evidence
qualiﬁed as ‘probable’). Conversely, the WCRF/AICR also
showed that salt intake is associated with increased gastric
cancer risk (‘probable’) and overweight/obesity (favoured by
high energy-dense food intake) is associated with higher risk of
oesophagus, pancreatic, colorectal, breast (post-menopausal),
endometrial, kidney (‘convincing’), ovary and gall-bladder
(‘probable’) cancers. The WCRF/AICR also concluded that
intake of foods with high glycaemic load may increase the risk
of endometrial cancer (evidence qualiﬁed as ‘probable’)
and foods containing sugars may be associated with higher
colorectal cancer risk (evidence qualiﬁed as ‘suggested’).
The fact that no statistically signiﬁcant ﬁndings were
observed in this study regarding breast and prostate cancers is
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not surprising, as no strong association between most components of the FSA-NPS DI score and these two cancer locations
has been demonstrated(46,47).This score probably has a greater
impact on other cancer sites (such as digestive cancers) more
strongly associated with these nutritional components, but
these cancer locations could not be investigated separately in
the present study due to limited number of cases.
As energy density of food items was one of the key
components of the score, our main results were not adjusted
for daily energy intake. However, we tested this further
adjustment in the sensitivity analyses. Results remained
statistically signiﬁcant, although less pronounced, supporting
the idea that the energy component of the score plays a role
but does not entirely explain the observed associations.
Interestingly, in the stratiﬁed analyses, the direct association
between FSA-NPS DI and cancer risk tended to be more
speciﬁcally observed in subjects with energy intake below the
population median but not in those with higher energy intake.
This result may suggest that nutritional quality of the diet could
play a key preventive role in people with moderate energy
intakes, whereas this beneﬁcial effect could be offset by high
energy intake. This result is in line with ﬁndings from a previous
study showing that a healthy/Mediterranean pattern was
associated with a reduced risk of breast cancer only when
energy intake remained within recommendations(24). However,
as the P value for interaction was not statistically signiﬁcant in
the present study, this ﬁnding should be considered with
caution and conﬁrmed in future studies.
A lower FSA-NPS DI was associated with higher BMI and
lower educational level in the cross-sectional crude analyses
presented in Table 1. Regarding BMI, this result is consistent
with the ﬁndings observed in other cross-sectional investigations on BMI and diet quality(48) and is probably due to the fact
that overweight/obese people are more likely to be aware of
nutritional recommendations or to be dieting(49). Regarding
educational level, the association with FSA-NPS DI was not
statistically signiﬁcant in a multivariate model including all the
descriptors of Table 1 (P = 0·2, data not shown).
The SU.VI.MAX cohort is based on a relatively long follow-up
period (13 years). However, the latencies of several cancers are
longer than this period. Thus, the associations observed in this
study may be due to the conjunction of two phenomena. First,
as this is usually hypothesised in nutritional epidemiology(50),
mean daily dietary intake measured during the ﬁrst 2 years of
follow-up reﬂects the general eating behaviour throughout
adult life (and thus several years before the beginning of the
study). In this case, dietary protective and risk factors may have
played a role in the ﬁrst stages of carcinogenesis. No information was available regarding dietary intake of the subjects
before their inclusion in the cohort. However, we veriﬁed that,
in this middle-aged population, diet was quite stable over
time with a high consistency in subjects’ FSA-NPS DI when
calculated at baseline (ﬁrst 2 years of follow-up) and later on
(taking into account the whole dietary follow-up, i.e. 8·5 years).
Second, eating behaviour may affect not only initiation of
malignant transformation but also survival of a deviating cell
population with latent (pre-clinical) tumours. In this case, no
assumption about previous eating behaviour is necessary.
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Strengths of this study include its prospective design and an
accurate assessment of dietary data by repeated 24 h dietary
records, accounting for intra-individual day-to-day and seasonal
variability. Some limitations should be acknowledged. First,
caution is needed when extrapolating our results to the entire
adult French population. Indeed, participants were volunteers
involved in a long-term nutrition study. This is probably associated with a more health-conscious behaviour and with overall
healthier food choices. Thus, unhealthy dietary behaviours may
have been under-represented in this study, which may have
weakened the observed associations by reducing the range of
represented dietary behaviours and the contrast between
compared groups. In addition, as in most cohorts, better
educated subjects are over-represented in this population study
compared with the general population. Next, residual
confounding cannot be ruled out. However, a large range of
confounding factors has been taken into account, limiting this
potential bias. Finally, as mentioned earlier, statistical power did
not allow us to perform site-speciﬁc analyses for cancers other
than breast and prostate cancers.
In conclusion, to our knowledge, this study was the ﬁrst to
investigate the prospective association between the FSA-NPS
individual score and cancer risk. These results suggest that
unhealthy food choices (as represented by higher FSA-NPS DI
values) may be associated with a 34 % increase in overall
cancer risk (when comparing quintiles 5 to 1 of the score). In
further studies, the associations between FSA-NPS DI and the
risk for speciﬁc cancers potentially strongly inﬂuenced by
nutrition (such as colorectal or gastric cancers) should be
speciﬁcally investigated. Future work in the SU.VI.MAX cohort
will also bring new insights on the relationships between this
score and other major health outcomes such as CVD, weight
gain, metabolic syndrome and cognition. This study supports
the potential interest of developing front-of-pack nutrition
labels based on the FSA-NPS, such as the proposed 5-CNL.
Such public health measure would (1) provide the consumers
with simpliﬁed information about the nutritional content at a
glance, in order to help them make healthier food choices at
the time of purchase, and (2) stimulate manufacturers to
positively impact the nutritional value of their food products
through re-formulations. If future studies demonstrate a positive impact of food labelling on individual food choices, both
aspects could strongly contribute to decrease the FSA-NPS DI
at the individual level.
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