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ABSTRACT

Background: Regular fruits and vegetables (F&V) consumption is linked to a lower risk of certain cancers. However, F&V can contain pesticides, some
of which may have carcinogenic properties. Organic foods are thought to reduce pesticide residue exposure, but the relationship between organic
consumption and cancer risk is inconsistent. Notably, to our knowledge, no study has explored substituting conventional with organic F&V.
Objectives: This study examined the association between substituting conventional with organic F&V and cancer risk in the NutriNet-Santé cohort
(~31,000 French adults), using detailed data from a food frequency questionnaire distinguishing between conventional and organic products.
Methods: Substitution of conventional F&V with organic F&V, at fixed total F&V consumption, was examined with multivariable Cox proportional
hazards models per 100 g/d increment of substitution and by quintiles. Sensitivity analyses as well as marginal structural models were also implemented
to improve causal inference.

Results: A total of 31,179 participants, 75% of whom were females, were included in the analyses. During follow-up {mean = 7.3 y [standard deviation
= 3.1]}, 1718 cancer cases (284 cases of postmenopausal breast cancer) were registered >227,660 person-years. Substituting conventional with organic
F&V was associated with a lower risk of overall cancer {hazard ratio (HR) [95% confidence interval (CI)] for a 100 g/d substitution = 0.98 (0.95, 1.00)}
and a lower risk of postmenopausal breast cancer [HR (95% CI) for a 100 g/d substitution = 0.90 (0.85, 0.96)], whereas no association was detected for
other cancer locations. When modeled by quintiles, an inverse association was found for postmenopausal breast cancer but not for overall cancer or other
locations. When running marginal structural models and testing for additional adjustments, findings remained significant for postmenopausal breast
cancer.

Conclusions: In the present work, substituting conventional F&V with organic ones was associated with a reduced risk of postmenopausal cancer. The
specific role of organic F&V compared with conventional F&V needs further investigation in other contexts.

The NutriNet-Santé cohort is registered at clinicaltrials.gov as NCT03335644 (https://clinicaltrials.gov/study/NCT03335644).
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Introduction

Cancers are multifactorial diseases, caused by genetic and envi-
ronmental factors, as well as lifestyle behaviors, and are responsible
for 10 million deaths worldwide [1,2]. A balanced diet, including a
regular consumption of fruits and vegetables (F&V), has been shown
to be protective against several types of cancers [3]. According to the
World Cancer Research Fund, F&V consumption is associated with
lower risk of upper aerodigestive tract cancer (“probable decreases

risk”) and lower risk of breast cancer (vegetables only, “limit-
ed—suggestive decreases risk” ) [3]. However, F&V are the main
contributors of pesticide residue exposure through diet in the general
population [4].

Certain pesticides have been classified as probable carcinogenic to
humans by the International Agency for Research on Cancer [5].
Adverse associations related to pesticides imply many biological
mechanisms [6—8]. Although the health implications of occupational
pesticide exposure are well documented [9], dietary pesticide exposure

Abbreviations: CI, confidence interval; CU, consumption units; FFQ, food frequency questionnaire; F&V, fruit and vegetables; HR, hazard ratio; NHL, non-Hodgkin’s lym-

phoma; PNNS-GS2, Programme National Nutrition Santé-Guidelines Score 2; Q, quintile.
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remains understudied. Organic food consumption has been related to
lower pesticide exposure [9,10], bringing the hypothesis that organic
food consumption could be beneficial [9,11-14]. Nonetheless, to our
knowledge, only 3 studies have investigated the relationships between
organic food consumption and cancer risk, yielding conflicting results.
The British Million Women Study found a lower risk of non--
Hodgkin’s lymphoma (NHL), and a slightly higher risk of breast
cancer among regular consumers of organic food products [15]. In a
Danish study, a lower risk of stomach cancer and a slightly increased
risk of NHL were observed among regular organic food consumers
[16]. In the NutriNet-Santé cohort, we observed an inverse association
between organic food consumption and cancer incidence, especially
lymphoma and postmenopausal breast cancer [17]. In all aforemen-
tioned studies, organic food consumption was assessed through rela-
tively rudimentary questions about the frequency of organic
consumption.

In the past decade, some studies [18-21] carried out in the United
States reported that exposure to F&V pesticide residues could dampen
the protective role of F&V on risk of glioma (a brain tumor subtype)
[20] and overall cancer-related mortality [19]. However, intake of
highly pesticide-contaminated F&V was not related to cancer risk
[18]. In a previous study, we found that postmenopausal breast cancer
risk was associated with higher exposure to a specific pesticide
mixture (highly correlated to chlorpyrifos, imazalil, malathion, and
thiabendazole) among females with overweight or obesity [22].

In that context, we aimed to investigate the differential association
between consumption of conventionally or organically produced F&V
and cancer risk. Especially, we tested whether the substitution of
conventional F&V with organic ones could be associated with a
decrease in cancer risk in a large sample of French adults, using
detailed data to evaluate F&V intake.

Methods

Study design and population

This study was conducted on a subpopulation of adults from the
web-based prospective NutriNet-Santé cohort, which aims to study the
complex relationships of dietary habits with health and diseases [23].
The participants are volunteers recruited from the general French
population. The recruitment was launched in 2009 and is still ongoing.

Sociodemographic data (sex, age, monthly income, occupational
category, and educational attainment), lifestyle characteristics
(smoking status and physical activity level [24]), and anthropometric
characteristics [25] are collected at inclusion and each year thereafter,
using validated questionnaires [26,27].

This study was conducted in accordance with the Declaration of
Helsinki, and all procedures were approved by the Institutional Re-
view Board of the French Institute for Health and Medical Research
(Inserm 0000388FWA00005831) and the National Commission on
Informatics and Liberty (Commission Nationale de 1'Informatique et
des Libertés 908450 and 909216). Electronic informed consent was
obtained from all participants. The NutriNet-Santé study is registered
in clinicaltrials.gov (NCT03335644).

Dietary data

Dietary data were collected between June and December 2014
through a self-administered semiquantitative food frequency ques-
tionnaire (FFQ), aiming to assess organic (i.e., complying with official
European Union standards and carrying the European label [28]) and
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conventional food consumption [29]. This dietary tool is based on a
previously validated FFQ [30], upgraded by a 5-point scale on the
consumption frequency as organic for each of the FFQ-item (n = 264)
[30]. For each food item, participants reported the frequency of food
consumed as organic by ticking the following modalities: “never,”
“rarely,” “half-of-time,” “often,” or “always” in response to the
question “How often was the product of organic origin?” Weights were
allocated to each frequency, that is, 0%, 25%, 50%, 75% and 100%,
respectively. The organic consumption for a single questionnaire item
is determined by multiplying the quantity (portion X frequency) by the
proportion consumed as organic (ranging from 0-1). Nutrient intakes
were calculated using a published food composition database [31].

Underreporters and overreporters were defined as participants with
a ratio between energy intake and energy requirement below or above
cut-offs previously identified (0.35 and 1.93) corresponding to the 1st
and 99th percentiles of the ratio distribution [29].

Overall dietary quality was assessed using the simplified Pro-
gramme National Nutrition Santé-Guidelines Score 2 (sPNNS-GS2), a
validated dietary quality score reflecting the adherence to the 2017
French dietary guidelines [32]. The score used in the present study is
the simplified score, meaning that only the main benchmarks of the
French dietary guidelines were considered [33]. Components, scoring,
and weighting are detailed in Supplemental Method 1. Percentage of
ultraprocessed food in the diet was estimated using the NOVA clas-
sification applied to the 24-h dietary records concomitant to the FFQ
assessment. Furthermore, details are available in Supplemental
Method 2. Using data from a previous work [34], we also evaluated the
associations between estimated organic food or F&V consumption and
the urinary concentrations of dialkylphosphates metabolites, to test
whether organic food consumption was associated with a lower
pesticide exposure among a subsample of individuals with available
urinary biomarker measurements (n = 289) (Supplemental Method 3).

Ascertainment of cancer cases

Cancer ascertainment was based on a multisource approach. Par-
ticipants self-report health events through annual health question-
naires, specific health check-up questionnaires administered every 6
mo, and at any time spontaneously via the secure online platform.
Participants could also declare all new prescribed medications.
Moreover, the NutriNet-Santé cohort is linked to the national health
insurance system database to collect additional information regarding
medication and consultations, and to the French national mortality
registry to identify the occurrence and cause of deaths.

Medical records were obtained by study physicians to validate the
cases. Cancer cases were classified using the International Classifi-
cation of Diseases, 10th revision [35]. All first incident cancers were
considered, except for basal cell carcinomas of the skin, which were
not considered as cancer cases.

All primary cancers diagnosed between the date of completion of
the FFQ (2014) and 20 November 2024 were considered as cases.
Analyses were carried out for all cancers regardless of location, and
then locations for which the number of cases exceeded 80 were
explored separately: breast (premenopausal and postmenopausal),
prostate, skin, and colon-rectum cancers. Of note, due to a few number
of cases, lymphoma and upper aerodigestive tract cancers were not
examined separately.

Covariates
Data on age, sex (male/female), highest graduation degree (<high-
school degree, high-school degree, and postsecondary degree),
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occupation (unemployed, farmer/merchant/craftworker/company di-
rector, employee/manual worker, intermediate profession, managerial
staff, retired, and never employed), monthly income per household
unit (see below), marital status (alone and cohabiting), smoking status
(never, former, and current) as well as tobacco consumption, as packs-
year were collected at enrolment and each year hereafter. Physical
activity level (high, moderate, and low) was assessed at baseline and
each year using the International Physical Activity Questionnaire [36].

In the present study, monthly income was calculated by household
unit, that is, by dividing the household’s total monthly income by the
number of consumption units (CUs), using the National Institute of
Statistics and Economic Studies guidelines. The first adult in the
household was thus allocated 1 household unit, whereas other in-
dividuals aged 14 y or older were allocated 0.5 units, and children aged
<14 y were allocated 0.3 units [37]. The following categories of
monthly income per CU were used: <1200; 1200-1800; 1800-3700,
and >3700 euros.

Validated anthropometric questionnaires provided information on
height and weight [25]. Family history (including parents and siblings)
of cancer was collected. For female participants, the number of bio-
logical children, age at menarche and at menopause, and any medi-
cation including oral contraception and hormonal treatment for
menopause were also collected. All covariate data used were those
collected closest to the FFQ.

Statistical analysis

Sample selection

Participants were individuals who completed the detailed FFQ
administered in 2014. Individuals with a prevalent cancer and those
without available follow-up data were subsequently excluded, as
shown in the Supplemental Figure 1. The final analytical sample
comprised 31,179 individuals.

Descriptive statistics

Participants were ranked and categorized into sex-specific quintiles
of organic F&V consumption (modeled as residuals).

The sample's characteristics according to sex-specific quintiles of
F&V consumed as organic were presented as mean (SD) or %. Tests
for differences were computed using Mantel-Haenszel XZ test for
dichotomous or ordinal variables, or linear contrasts from ANOVA for
numeric variables.

The relationships among consumption, nutrient intake, and urinary
pesticide concentrations are detailed in Supplemental Method 4.

Cancer risk modeling

The associations between exposures and the risk of cancer (overall
and by location, including breast cancer in female participants and
prostate cancer in male participants, as well as skin and colorectal
cancer) were estimated using multivariable Cox proportional hazards
models with age as the time scale, providing hazard ratios (HRs) and
95% confidence intervals (95% Cls). Each participant contributed
person-time from baseline (completion of the FFQ) until the date of
diagnosis, date of death, date of last completed questionnaire, or 20
November 2024, whichever occurred first. As recommended in the
presence of competing events, we used cause-specific models [38]. For
analyses by location, other cancer cases than the studied cancer were
censored at the date of diagnosis. Missing data on covariates were
dealt with multiple imputations using the SAS MI procedure [39], as
described in Supplemental Method 5.
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The Cox proportional hazards and linearity assumptions were
formally tested and are presented graphically (Supplemental Figures 2
and 3) [40,41]. Regarding the risk of premenopausal breast cancer, the
date of menopause, the date of diagnosis, date of death, date of last
completed questionnaire, or 20 November 2024 was considered for
censoring, whichever occurred first. For postmenopausal breast can-
cer, follow-up began at the date of menopause if the participant was
already part of the cohort before reaching menopause.

Consumption modeling

Preliminary analyses were conducted to assess the relationship
between conventional and organic F&V consumption and cancer risk
(overall and by location). Models were adjusted for age (time scale),
sex (when appropriate), educational attainment, occupation, monthly
household income, marital status, energy intake without alcohol (kcal/
d, continuous variable), alcohol consumption (g/d, continuous vari-
able), physical activity, smoking status, number of cigarettes smoked
(packs/y, continuous variable), BMI (kg/mz, continuous variable),
height (m, continuous variable), family history of cancer (yes/no), and
intakes of dairy products, red meat, processed meat, added sugar,
sodium, whole grain products and total lipids. For postmenopausal
breast cancer analysis, the model was further adjusted for the number
of biological children (continuous variable), age at first period (y,
continuous variable), menopausal status (premenopausal/post-
menopausal), and hormonal treatment for menopause use (yes/no).

The models examining the relationship between organic F&V
consumption and cancer risk accounted for the intake of conventional
F&V, and vice versa.

Substitution modeling

To examine the role of substituting conventional with organic F&V,
substitution modeling was performed using the residual method [42].
This method enabled us to separate the contribution of organic F&V
consumption from the total F&V intake by accounting for the latter.

Using this approach, the explanatory variable becomes the residual
derived from a linear regression modeling the intake of organic F&V
as a function of the total intake of F&V.

In a first step, the residual € of the linear regression model (con-
ducted by sex) of organic F&V consumption on the total F&V con-
sumption (organic F&V + conventional F&V) was calculated as
follows:

Organic F&V = a0 + al x (total F&V) + ¢ (@D)]

Then, to facilitate the interpretation, a constant equal to the pre-
dicted value of organic F&V for the sample average of total F&V
consumption (total F&V') was added to the residual:

e =¢+ [a0 +al x (toral F&V)] (2

By definition, €*, the residual of the regression of organic F&V on
total F&V (organic and conventional), was not correlated to the total
consumption of F&V, and (total F&V)was the mean consumption of
total (organic and conventional) F&V in the study sample.

Both variables (total F&V and €*) were then introduced into the
final model aiming to assess the association between organic F&V
consumption and cancer risk. The estimate for organic F&V therefore
represents the substituting effect of organic with conventional F&V.

The association between the substitution of conventional F&V with
organic ones and cancer risk (overall and by location) was computed.
Substitution of conventional with organic F&V consumption was
modeled as sex-specific quintiles (with the first as the reference) and as
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continuous variable using increments of 100 g/d (residual on the total
F&V), that is, substitution of 100 g/d of conventionally produced by
organically produced F&V. Model 1 was adjusted for the following
baseline covariates: age (time scale), sex (except for breast cancer and
prostate cancer), educational attainment, occupation, monthly house-
hold income, marital status, energy intake without alcohol (kcal/d,
continuous variable), alcohol consumption (g/d, continuous variable),
physical activity level, smoking status, number of cigarettes smoked
(pack/y, continuous variable), BMI (kg/m2, continuous variable),
height (m, continuous variable), family history of cancer (yes/no), and
level of adherence to food-based dietary guidelines (sPNNS-GS2,
continuous variable). For postmenopausal breast cancer analysis,
model 1 was further adjusted for the number of biological children
(continuous variable), age at first period (y, continuous variable),
menopausal status (premenopausal/postmenopausal), and hormonal
treatment for menopause use (yes/no).

Model 2 was further adjusted for the proportion (in weight) of
ultraprocessed food in the diet.

Model 3 was model 1 replacing sSPNNS-GS2 with consumption of
dairy products, red meat, processed meat, and intakes of sugar, so-
dium, whole grain products, and total lipids [all modeled as continuous
variables (g/d)].

Sensitivity analyses

Moreover, we computed a standardized regression method using a
counterfactual approach to derive survival curves, also known as
marginal survival curves [43,44]. These standardized survival esti-
mates provide a causal estimand that can be interpreted as the average
counterfactual survival probabilities assuming each participant (with
his/her own characteristics) in the study population was either exposed
or unexposed. As a result, the distribution of all covariates will be
similar in the 2 standardized probabilities, enabling comparisons to be
made between the exposed and unexposed groups independently of
confounding factors, thereby enhancing causal inference.

We also conducted several sensitivity analyses using various
modeling approaches: 1) removing early cases (from the first year) to
reduce reverse causality (model 1); 2) modifying the value assigned to
the organic frequency “rarely" from 25% to 10% (model 1); 3) using
weight for 2009 census data including participants from mainland
France only (model 1); 4) using marginal structural models to enhance
causal inference (Supplemental Method 6); 5) using weight to
compensate the selection bias using inverse probability weighting
(model 1) (Supplemental Method 7); 6) replacing sPNNS-GS2 by
consumptions of conventional dairy products, processed meat, red
meat, whole grain products and organic dairy products, processed
meat, red meat, and whole grain products. All tests were 2-sided and P
< 0.05 was considered statistically significant. Statistical analyses
were conducted using R version 4.0.4 and SAS version 8.3 (SAS
Institute).

Results

A total of 31,179 participants were included in the analyses (as
described in the flowchart in Supplemental Figure 1). The baseline
mean (SD) age was 53 y (14 y), and 75% of participants were female.
Mean (SD) follow-up was 7.3 y (3.1). During the follow-up, 1718
cancer cases (of which 284 postmenopausal breast, 269 prostate, 235
skin, and 146 colon rectum) were ascertained over 227,660 person-
years.
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The sample characteristics according to sex-specific quintiles of
organic F&V consumption (modeled as residuals) are presented in
Table 1. Higher organic F&V consumption was associated with higher
physical activity level. The highest percentage of managerial staff was
found in quintile (Q)3 and the lowest in Q1, whereas no association
was observed with monthly income.

By construction, consumption of organic F&V as residuals was not
linearly correlated to total F&V consumption. Participants in Q5
showed the highest sSPNNS-GS2 and the lowest BMI. They also had
the highest proportion of organic food consumption in their overall
diet, with a mean of 68%.

Table 2 displays the associations between conventional or organic
F&V consumption and cancer risk (overall and by cancer site) after
multivariable adjustment including for corresponding conventional or
organic F&V consumption. Regarding conventional F&V consump-
tion, no association was found for overall cancer risk and for any site
when the exposure was modeled continuously or by quintile, although
for the latter, a trend was observed for overall cancer risk.

For organic F&V consumption, we observed a reduced risk of
overall cancer and postmenopausal breast cancer, with a significant
reduction of 3% and 10% for each 100 g/d increase in organic F&V
consumption. Considering quintiles, a trend was detected only for
postmenopausal breast cancer.

Substitution Cox models are presented in Table 3. Considered as
quintiles, the substitution of conventional F&V with organic F&V was
not associated with the risk of overall cancer [HR Q5 compared with
Q1 = 0.89 (95% CI: 0.76, 1.03), P for trend = 0.48, model 1—main
model]. A reduction of 2% (P = 0.05) was found when the exposure
was modeled as a continuous variable, representing the replacement of
100 g/d of conventional by organic F&V. Moreover, when considering
quintiles of exposure, the higher organic F&V substitution, the lower
the risk of postmenopausal breast cancer [model 1, HRQ5 compared
with Q1 = 0.59 (95% CI: 0.41, 0.85), P-trend = 0.01], with a risk
reduction of 10% per 100 g/d increment of substitution. No association
was detected for other cancer locations, regardless of the type of
modeling (continuous or quintile modeling).

Furthermore, adjustment for the share of ultraprocessed food in the
diet (model 2) or replacement of diet quality assessed by the SPNNS-
GS2, by food groups and nutrient intakes (model 3) led to similar
trends.

In the sensitivity analyses excluding early cases (Supplemental
Table 1), no association was detected for overall cancer but the as-
sociation for postmenopausal breast cancer remained.

Using the value of the “rarely” modality (allocating 10% instead of
25%) (Supplemental Table 2) yielded similar results. Additional
sensitivity analyses are provided in Supplemental Table 3. In the
model adjusted for census data, results showed a stronger association,
with a —7% risk of overall cancer and —20% risk of postmenopausal
breast cancer per 100 g/d increment (P < 0.0001). The findings
resulting from the marginal structural models were largely consistent.
Then, the model that accounted for selection bias showed a significant
association only for postmenopausal breast cancer. Finally, the model
including organic and conventional consumption of food groups was
similar to the main analyses.

The survival marginal curves for overall cancer, breast, colorectal,
and skin cancer are presented in Figure 1. In line with the main model,
the substitution of conventional F&V by organic ones analyzed as
quintiles was associated with a reduced risk of both overall cancer and
postmenopausal breast cancer.
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TABLE 1
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Characteristics of the participants according to sex-specific quintiles of organic fruit and vegetable consumption—as residuals on total fruit and vegetables

consumption, NutriNet-Santé cohort study, France, 2014 (n = 31,179)'.

N All Ql Q2 Q3 Q4 Q5
31,179 6235 6236 6236 6236 6236
Cut-off of the variable organic fruit and vegetables (g/d)
Female <71 71<163 163<232 232<342 >342
Male <45 45<133 133<200 200<308 >308
Sex (female) (%) 75.69 75.70 75.69 75.69 75.69 75.69
Age (y) 52.65 (14.02) 56.50 (13.12) 52.47 (14.27) 49.52 (14.54) 50.85 (13.92) 53.93 (13.13)
Education attainment (%)
< High-school degree 20.34 26.13 20.57 17.27 17.80 19.95
High-school degree 14.55 15.97 14.90 13.53 14.27 14.06
> High-school degree 65.11 57.90 64.53 69.19 67.93 65.99
Occupation (%)
Unemployed 4.30 3.66 4.12 4.28 4.62 4.83
Farmer, merchant, craftworker, company director ~ 1.94 1.30 1.67 1.78 2.08 2.85
Employee/manual worker 15.11 14.82 16.02 16.79 14.72 13.18
Intermediate profession 15.64 13.63 16.40 16.85 17.59 13.73
Managerial staff 22.16 15.51 21.66 26.17 24.98 22.47
Retired 33.76 43.77 33.39 26.64 29.49 35.52
Never employed 7.09 7.31 6.74 7.49 6.51 7.42
Monthly household income per CU (%)
Unwilling to answer 11.02 11.47 11.10 10.87 10.23 11.45
<1200 € 7.17 7.60 6.83 7.62 6.24 7.55
1200->1800 € 23.31 23.18 22.90 23.59 23.75 23.14
1800->3700 € 27.13 26.54 26.68 26.86 28.56 27.02
>3700 € 31.36 31.21 32.49 31.06 31.22 30.84
Marital status (%)
Living alone 16.28 15.96 16.82 17.61 16.08 14.93
Cohabiting 83.72 84.04 83.18 82.39 83.92 85.07
Physical activity (%)
Low 21.80 19.58 23.88 27.35 22.77 15.51
Moderate 41.30 39.45 42.17 42.40 43.14 39.33
High 36.91 40.97 33.95 30.25 34.09 45.16
BMI (%) 24.11 (4.61) 24.94 (4.94) 24.32 (4.67) 24.08 (4.60) 23.89 (4.47) 23.33 (4.22)
Smoking status (%)
Never smoker 49.32 47.81 49.29 49.94 50.22 49.31
Former smoker 39.45 43.10 39.38 36.93 36.53 41.32
Current smoker 11.23 9.09 11.32 13.13 13.25 9.36
Family history of cancer (yes) (%) 41.22 55.00 59.12 62.33 61.34 56.13
Number of cigarette pack-years 5.51 (11.66) 6.69 (13.23) 5.45 (11.52) 5.06 (11.17) 5.08 (11.17) 5.25(10.97)

Energy intake (kcal/d)
Fruit and vegetables consumption (g/d)
Organic fruit and vegetables consumption (g/d)

1996.0 (629.9)
555.58 (371.70)
203.16 (282.14)

sPNNS-GS2 2.74 (3.41) 2.78 (3.52)
Ultraprocessed food (%) 0.16 (0.08) 0.15 (0.07)
Organic food ratio 0.30 (0.27) 0.09 (0.11)
Alcohol consumption (g/d) 8.29 (12.34) 8.46 (13.78)

2222.9 (660.3)
811.92 (396.77)
52.89 (105.56)

1968.6 (591.9)
467.93 (219.92)
72.89 (101.25)

1854.4 (591.5)
355.16 (219.19)
95.62 (103.41)

1853.2 (592.1)
403.44 (256.26)
200.68 (130.60)

2081.0 (630.1)
739.50 (448.17)
593.69 (381.11)

2.35 (3.34) 2.06 (3.35) 2.57 (3.27) 3.95 (3.26)
0.16 (0.08) 0.17 (0.09) 0.16 (0.08) 0.15 (0.07)
0.13 (0.14) 0.20 (0.16) 0.38 (0.19) 0.68 (0.20)
8.34 (11.86) 8.35 (12.61) 8.37 (12.18) 7.91 (11.10)

Abbreviations: Q, quintile; SPNNS-GS2, simplified Programme National Nutrition Santé-Guidelines Score 2.
! Values are means (SD) or %.As residuals as explained in Supplemental Method 1.

Discussion

In the present study conducted in a large sample of adult partici-
pants from the NutriNet-Santé cohort, substitution of conventional
with organic F&V (for 100 g) was associated with a reduction of 2% of
overall cancer risk, after a mean follow-up of 7.3 y, accounting for
many confounding factors. This association was not observed when
the exposure was modeled in quintiles. Noticeably, regardless of the
way the exposure was modeled, we observed a reduced risk of post-
menopausal breast cancer related to a higher substitution of conven-
tional F&V with organic options (e.g., —10% for a 100 g/d increment
substitution). Moreover, regardless of the sensitivity analyses per-
formed, our findings exhibited robustness for postmenopausal breast
cancer.

There is insufficient scientific literature about the long-term im-
plications of organic food consumption on cancer risk [14,45,46]. In a
previous work [17], we observed an inverse relationship between
overall organic food consumption frequency and cancer risk. In
contrast with the current study, organic food consumption frequency
measurement was based on a few questions about 16 large food groups
(e.g., fruits, vegetables, grains and legumes, etc.), so that it was not
possible to consider food items within food groups, as no quantitative
data were available. Two other studies [15,16] did not detect any as-
sociations between organic food consumption and overall cancer risk,
but inverse associations were detected for some cancer locations,
including NHL [15], and stomach cancer [16]. In contrast, a slight
positive association was observed with breast cancer [15] and with
lymphoma [16].
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TABLE 2
Consumption of organic and conventional F&V in association with the risk of overall cancer and by locations, NutriNet-Santé cohort study, France, 2014-2024
(n =31,179)".
Conventional F&V Per 100 g/d increment P value Sex-specific quintiles” P-trend’
Ql Q2 Q3 Q4 Q5
All cancers
n events 1718 289 341 337 351 400
Person-years 227,660 44,908 45,793 45,879 46,071 45,009
Model* 1.00 (0.97, 1.02) 0.70 1 (ref) 1.00 (0.85, 1.18) 0.90 (0.76, 1.06) 0.85 (0.71, 1.00) 0.88 (0.73, 1.06) 0.04
Postmenopausal breast cancer
n events 284 44 52 53 57 78
Person-years 90,645 14,730 15,853 17,512 20,385 22,165
Model** 1.00 (0.94, 1.05) 0.92 1 (ref) 0.87 (0.58, 1.32) 0.76 (0.50, 1.16) 0.68 (0.44, 1.05) 0.80 (0.50, 1.26) 0.21
Prostate cancer
n events 269 43 59 52 59 56
Person-years 56,272 17,793 17,291 15,877 13,638 10,897
Model* 0.95 (0.89, 1.01) 0.08 1 (ref) 1.14 (0.75, 1.71) 0.88 (0.57, 1.36) 0.88 (0.57, 1.36) 0.73 (0.45, 1.19) 0.09
Colorectal cancer
n events 146 20 37 18 31 40
Person-years 227,660 44,908 45,793 45,879 46,071 45,009
Model* 1.03 (0.95, 1.11) 0.50 1 (ref) 1.61 (0.92, 2.82) 0.72 (0.37, 1.41) 1.13 (0.61, 2.09) 1.53 (0.79, 2.94) 0.62
Skin cancer
n events 235 40 36 49 53 57
Person-years 227,660 44,908 45,793 45,879 46,071 45,009
Model* 1.01 (0.95, 1.07) 0.82 1 (ref) 0.76 (0.48, 1.21) 0.94 (0.60, 1.47) 0.90 (0.57, 1.42) 0.90 (0.55, 1.49) 0.98
Organic F&V Q1 Q2 Q3 Q4 Q5
All cancers
n events 1718 357 318 354 361 328
Person-years 227,660 46,832 43,298 46,726 45,922 44,881
Model* 0.97 (0.95, 1.00) 0.04 1 (ref) 1.14 (0.98, 1.33) 1.15 (0.99, 1.34) 1.10 (0.94, 1.29) 1.03 (0.86, 1.23) 0.70
Postmenopausal breast cancer
n events 284 66 54 58 63 43
Person-years 90,645 16,002 15,446 17,304 19,955 21,938
Model** 0.90 (0.84, 0.96) 0.002 1 (ref) 0.83 (0.57, 1.19) 0.80 (0.56, 1.16) 0.76 (0.52, 1.10) 0.49 (0.31, 0.77) 0.01
Prostate cancer
n events 269 56 43 56 53 61
Person-years 56,272 13,405 9056 11,445 11,235 11,132
Model* 0.98 (0.93, 1.05) 0.61 1 (ref) 1.31 (0.88, 1.96) 1.40 (0.96, 2.05) 1.25 (0.84, 1.86) 1.41 (0.92, 2.17) 0.15
Colorectal cancer
n events 146 29 29 28 27 33
Person-years 227,660 46,832 43,298 46,726 45,922 44 881
Model® 1.02 (0.94, 1.11) 0.66 1 (ref) 1.44 (0.85, 2.44) 1.25 (0.73, 2.14) 1.18 (0.67, 2.05) 1.72 (0.95, 3.10) 0.21
Skin cancer
n events 235 39 50 49 55 42
Person-years 227,660 46,832 43,298 46,726 45,922 44,881
Model* 0.97 (0.91, 1.04) 0.44 1 (ref) 1.54 (1.01, 2.36) 1.36 (0.88, 2.10) 1.41 (0.92, 2.18) 1.06 (0.64, 1.75) 0.82

Abbreviations: CI, confidence interval; F&V, fruit and vegetables; HR, hazard ratio; Q, quintile.

' HR and 95% CI are derived from a multivariable Cox proportional hazard models.

2 Sex-specific cut-offs for quintiles of conventional F&V (g/d) were <130, 130-<232, 232-<345, 345-<521, and >521 for females and <141, 141-<239,
239-<353, 353-<519, and >519 for males. Sex-specific cut-offs for quintiles of organic F&V (g/d) were <3, 3—<74, 74-<173, 173-<347, and >347 for

females and 0, 0.05-<47, 47-<138, 138-<304, and >304 for males.
3 P value of Wald’s test for quintile as an ordinal variable.

4 Models are a multivariable Cox proportional hazard model adjusted for age (time scale), sex (when appropriate), educational, occupation, monthly household
income, marital status, energy intake without alcohol (continuous variable), alcohol consumption (continuous variable), physical activity, smoking status,
number of cigarettes smoked (continuous variable), BMI (continuous variable), height (continuous variable), family history of cancer, and intakes of dairy
products, red meat, processed meat, whole grain products, added sugar, sodium, and total lipids (continuous variable).

> In the postmenopausal breast cancer models, further adjustments were made for age at menarche (<12 y, >12 y), menopausal treatment use (yes/no), and

number of children (continuous).

These studies show varying results, especially for specific cancer
sites. These inconsistencies may stem from discrepancies in study
design, methodological factors, or possibly chance. In particular,
Bradbury et al. [15] hypothesized that females reporting frequently
consuming organic food may have healthier profiles, and more con-
cerns about diet, lifestyle, and health. In particular, they could be more
likely to attend breast cancer screening and to be diagnosed with breast

cancer [15]. Although the elevated colorectal cancer risk observed
among the highest consumers of F&V is unexpected and warrants
careful consideration, this finding is likely attributable to statistical
instability stemming from the limited number of cases in our cohort.
This limitation reduces the robustness of quintile-based analyses when
organic and conventional intakes are mutually adjusted, leading to
wide CIs and unreliable coefficients at the extremes of the distribution.
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TABLE 3

The American Journal of Clinical Nutrition 123 (2026) 101284

Substitution of conventional with organic fruit and vegetables in association with the risk of overall cancer and by locations, NutriNet-Santé cohort study, France,

2014-2024 (n = 31,179)".

Per 100 g/d increment P value Sex-specific quintiles” P-trend’
Q1 Q2 Q3 Q4 Q5

All cancers

n events 1718 406 321 343 337 311

Person-years 227,660 44,998 45917 45,535 46,387 44,824

Model 1* 0.98 (0.95, 1.00) 0.05 1 (ref) 0.85 (0.73, 0.99) 1.01 (0.86, 1.18) 0.96 (0.82, 1.13) 0.89 (0.76, 1.03) 0.48

Model 2° 0.98 (0.95, 1.00) 0.05 1 (ref) 0.85 (0.73, 1.00) 1.01 (0.86, 1.18) 0.96 (0.82, 1.13) 0.89 (0.76, 1.03) 0.47

Model 3° 0.98 (0.96, 1.00) 0.08 1 (ref) 0.86 (0.74, 1.01) 1.04 (0.88, 1.22) 0.99 (0.85, 1.16) 0.91 (0.78, 1.06) 0.74
Postmenopausal breast cancer

n events 284 82 55 47 54 46

Person-years 90,645 20,975 17,724 14,738 17,024 20,184

Model 1%/ 0.90 (0.85, 0.96) 0.001 1 (ref) 0.69 (0.48, 0.99) 0.67 (0.45, 0.99) 0.70 (0.48, 1.01) 0.59 (0.41, 0.85) 0.01

Model 2°/ 0.90 (0.85, 0.96) 0.001 1 (ref) 0.69 (0.48, 0.99) 0.67 (0.45, 0.99) 0.70 (0.48, 1.01) 0.59 (0.41, 0.85) 0.01

Model 37 0.91 (0.85, 0.96) 0.002 1 (ref) 0.69 (0.48, 0.99) 0.67 (0.45, 1.00) 0.70 (0.48, 1.02) 0.60 (0.41, 0.88) 0.02
Prostate cancer

n events 269 55 54 56 46 58

Person-years 56,272 11,179 11,423 11,233 11,288 11,149

Model 1* 1.03 (0.97, 1.09) 0.38 1 (ref) 1.06 (0.71, 1.59) 1.28 (0.84, 1.93) 1.12 (0.73, 1.71) 1.36 (0.93, 1.98) 0.12

Model 2° 1.03 (0.97, 1.09) 0.38 1 (ref) 1.07 (0.71, 1.59) 1.29 (0.85, 1.95) 1.12 (0.73, 1.72) 1.35(0.93, 1.98) 0.12

Model 3° 1.03 (0.97, 1.10) 0.30 1 (ref) 1.09 (0.73, 1.63) 1.31 (0.87, 1.99) 1.15 (0.75, 1.76) 1.43 (0.96, 2.11) 0.09
Colorectal cancer

n events 146 36 27 25 29 29

Person-years 227,660 44,998 45,917 45,535 46,387 44,824

Model 14 0.99 (0.92, 1.07) 0.81 1 (ref) 0.82 (0.48, 1.40) 0.86 (0.49, 1.52) 0.99 (0.58, 1.68) 1.02 (0.62, 1.68) 0.74

Model 2° 0.99 (0.92, 1.07) 0.81 1 (ref) 0.82 (0.48, 1.40) 0.86 (0.49, 1.51) 0.99 (0.58, 1.68) 1.02 (0.62, 1.68) 0.73

Model 3° 0.99 (0.92, 1.08) 0.87 1 (ref) 0.85 (0.50, 1.45) 0.95 (0.54, 1.67) 1.06 (0.62, 1.82) 1.07 (0.64, 1.79) 0.58
Skin cancer

n events 235 62 37 49 43 44

Person-years 227,660 44,998 45,917 45,535 46,387 44,824

Model 1* 0.96 (0.90, 1.02) 0.21 1 (ref) 0.65 (0.42, 1.00) 0.97 (0.64, 1.47) 0.81 (0.53, 1.23) 0.74 (0.50, 1.10) 0.34

Model 2° 0.96 (0.90, 1.02) 0.21 1 (ref) 0.65 (0.42, 1.00) 0.97 (0.64, 1.48) 0.81 (0.53, 1.23) 0.74 (0.50, 1.10) 0.34

Model 3° 0.98 (0.92, 1.04) 0.48 1 (ref) 0.66 (0.43, 1.01) 1.00 (0.66, 1.51) 0.85 (0.56, 1.30) 0.82 (0.54, 1.23) 0.67

Abbreviations: CI, confidence interval, HR, hazard ratio; Q, quintile; SPNNS-GS2, simplified Programme National Nutrition Santé-Guidelines Score 2.

' HR and 95% CI are derived from a multivariable Cox proportional hazard.

2 Sex-specific cut-offs for quintiles of organic fruit and vegetables (g/d) (as residuals) were <71, 71-<163,163—-<232, 232—-<342, and >342 for females and

<45, 45-<133, 133-<200, 200-<308, and >308 for males.
3 P value of Wald’s test for quintile as an ordinal variable.

4 Model 1 is a multivariable Cox proportional hazard model adjusted for age (time scale), sex (when appropriate), educational, occupation, monthly household
income, marital status, energy intake without alcohol (continuous variable), alcohol consumption (continuous variable), physical activity, smoking status,
number of cigarettes smoked (continuous variable), BMI (continuous variable), height (continuous variable), family history of cancer, sSPNNS-GS2 (continuous

variable) and total fruit and vegetables consumption.

5> Model 2 is model 1 further adjusted for ultraprocessed food consumption.

% Model 3 is model 1 with the replacement of sSPNNS-GS2 with consumption of dairy products, red meat, processed meat, whole grain products, sugar, sodium,

and total lipids [all modeled as continuous variables (g/d)].

7 In the postmenopausal breast cancer models, further adjustments were made for age at menarche (<12 y, >12 y), menopausal treatment use (yes/no), and

number of children (continuous).

Replication in studies with larger colorectal cancer case counts would
be required to draw more definitive conclusions.

Studying the relationships between organic food consumption and
health is challenging and raises specific issues. First, numerous studies
indicate that individuals consuming large amounts of organic food
may have healthier profiles and higher overall F&V consumption than
the average population [29,47,48], making it challenging to accurately
model the relationship between health outcomes and especially
organic F&V consumption. Additionally, distinguishing the health
impacts of organic and conventional F&V is further complicated by
the strong correlation between organic and total F&V intake. It em-
phasizes the need to distinguish additive from substitution mecha-
nisms. To address this, we applied the residual modeling testing
technique, commonly used in nutritional epidemiology [42]. Hence,
we isolated the contribution of organic F&V consumption from the

total F&V intake by adjusting for the latter. Many confounding factors
were considered to focus on the exposure of interest, including soci-
odemographic, economic, lifestyle, and dietary factors. Furthermore,
to attempt to mimic a randomized trial where each participant inde-
pendently modifies his/her intake of organic F&V (moving between
quintiles), we computed survival curves accounting for participants’
fixed characteristics, improving causal inference [43,44].
Importantly, in a large United States study [ 18], no association was
observed between highly contaminated F&V consumption and overall
cancer risk and most cancer locations, except glioma [20]. However, in
the same cohorts, a marked reduction in the risk of death with elevated
consumption of low-contaminated F&V was detected [19]. More
specifically, heavy consumers of low-contaminated F&V (consuming
>4 servings/d) experienced a 36% reduction in the risk of all-cause
mortality compared with light consumers (consuming fewer than 1
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FIGURE 1. Survival marginal curves for overall cancer and by locations. The marginal survival curve is modeled using a standardized regression to evaluate
the causal estimand and to calculate the counterfactual probability of developing cancer if all subjects in the population were hypothetically placed in the ith

quintile of substitution, independent of the covariate profile. Q, quintile.

serving/d) (95% CI: 32%, 41%). However, increasing the consumption
of highly contaminated F&V was not associated with reduced mor-
tality risk neither with cancer mortality, suggesting that dietary
exposure to pesticide residues may cancel the potential benefits of
F&V consumption [19]. In another study conducted in the same
NutriNet-Santé cohort sample, we found an inverse association be-
tween postmenopausal breast cancer risk and dietary exposure to a
pesticide mixture highly correlated with substances authorized in
organic farming [22].

Several underlying mechanisms could explain the postmenopausal
breast cancer risk reduction associated with the substitution of con-
ventional with organic F&V. Organic consumers experienced lower
exposure to pesticide residues [34,49-51]. Pesticides can interact with
genetic material, leading to DNA damage or chromosomal abnor-
malities, or inducing epigenetic modifications [52,53]. Xenobiotic
chemicals can also interfere with various nuclear receptors [54], and
may result in the onset of chronic diseases, including cancer [52,53].
Then, certain pesticides are known to be endocrine disruptors [52—54],
even at low doses, corresponding to pesticide residue levels in food.
Organophosphorus compounds can mimic estrogens, and also disrupt

carbohydrate and lipid metabolism, whereas organochlorine in-
secticides, carbamates, and triazines can block androgen receptors,
which may be involved in the association observed for breast cancer.
Organophosphates inhibit thyroid hormone receptors, and pyrethroids
may disrupt progesterone activity. Finally, although the evidence re-
mains limited, gut microbiota may play a role in mediating the asso-
ciation between pesticide exposure and cancer risk [55]. All these
mechanisms could be implied in carcinogenicity [53,56] and explain
the strong negative association between organic F&V and post-
menopausal breast cancer risk, considering that the statistical power
for the other sites was limited. Nevertheless, some literature suggests
that some biological compounds contained in F&V may mitigate the
potential harms related to pesticide exposure, particularly by detoxi-
fication mechanisms [53,57].

Some limitations of our study should be acknowledged. First, the
observational design restricts causal inference and does not allow for
the full exclusion of residual confounding. However, we accounted for
a wide range of confounding factors, including sociodemographic and
socioeconomic variables, lifestyle, and dietary habits. We also con-
ducted several sensitivity analyses, which demonstrated our findings’
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robustness. Additionally, the adjusted survival curves enabled the data
to be interpreted as if they were from a randomized trial, enhancing
causal inference. Second, the generalizability of our results to other
populations is limited by the nature of our sample, which consisted
mainly of female volunteers. This may have reduced the statistical
power of analyses; however, we applied weighting techniques to
improve representativeness. Furthermore, this study relies on self-
reported data, particularly concerning dietary intakes, which are sus-
ceptible to measurement error and desirability bias. Nevertheless, a
previous work indicated that organic and conventional consumers
exhibited noticeable differences in the concentrations of certain uri-
nary pesticide residues [34], supporting the reliability of our dietary
data. Finally, as F&V consumption is a beneficial dietary factor
regarding the risk of upper-digestive tract cancer, the number of cases
in this study was too small to allow further analyses. Our study also
has several strengths. The large sample included participants with
various dietary patterns, particularly among heavy organic food con-
sumers. This allowed us to assess the potential role of organic food in
the diet with sufficient reliability and statistical power for many cancer
sites. We evaluated organic food consumption in detail across a wide
range of food items, enabling accurate estimation of the proportion of
organic food consumed, overall and by specific food items, including
F&V. Then, the use of residual adjustment helped us address the issue
of correlation between total and organic F&V consumption. Finally,
the prospective design of our study along with innovative modeling
methods further strengthens causal inference.

In this study, substitution of conventionally grown F&V with
organically grown F&V was associated with a lower risk of post-
menopausal breast cancer. The mechanisms underlying these associ-
ations need further investigation.
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Supplemental Method 1: PNNS-GS2 computation

The simplified version of the PNNS-GS2 score was used in the Cox proportional hazards
models, named sPNNS-GS2 score, which includes only the main benchmarks of the
recommendations (excluding the components on organic foods, oily fish, white ham,
recommended oils and the proportion of vegetable fats). The sPNNS-GS2 comprises 13
components (1). The components, thresholds, scoring system and weighting are summarized in
the Table below.

Dietary components Recommendation Criteria Score
Fruit and At least 5 serv/d, [0-3.5] 0
vegetables with 1 max as juice and 1 [3.5-5] 0.5
(weight=3) max as dried [5-7.5] 1
>7.5 2
Nuts A handful/d 0 0
(weight=1) 10-0.5] 0.5
[0.5-1.5] 1
>1.5 0
Pulses At least 2 serv/w 0 /w 0
(weight=1) 10-2[/w 0.5
>2 /w 1
Whole-grain Every day 0 0
Food Jo-1] 0.5
(weight=2) [1-2] 1
>2 1.5
Milk and 2 serv/d [0-0.5] 0
dairy products [0.5-1.5] 0.5
(weight=1) [1.5-2.5] 1
>2.5 0
Red meat Limit consumption >750 g/w -2
(weight=2) [500 - 750[g/w -1
[0 - 500[g/w 0
Processed meat Limit consumption >300 g/w -2
(weight=3) [150 - 300[g/w -1
[0 - 150[g/w 0
Fish and 2 serv/w 0-1.5[serv/w 0
Seafood [1.5-2.5[serv /w 1
(weight=2) [2.5 - 3.5[serv /w 0.5
>3.5 serv /w 0
Added fat Avoid overeating >16% of EIWA ' 0
(weight=2) <16% of EIWA 1.5
Sugary foods Limit consumption >15% of EIWA -2
(weight=3) [10-15[% of EIWA -1
<10 % of EIWA 0
Sweet drinks Limit consumption >750mL mL/d -2
Beverages [250 - 750[mL/d -1
(weight=3) 10 - 250[mL/d -0.5
0 mL/d 0
Alcoholic Limit consumption >200 g/d -2
Beverages 1100-200] g/d -1
(weight=3) ]0-100] g/d 0
0 g/d 0.5
Salt Limit consumption >12 g/d -2
(weight=3) 110-12] g/d -1
18-10] g/d -0.5
16-8] g/d 0
<6 g/d 1

Abbreviations: d, day; serv, serving; w week;

'EIWA, energy intake without alcohol



Supplemental Method 2: Ultra-processed food consumption exposure
As 24h dietary records are more suitable than FFQ to assess consumption of ultra-processed
food (UPF), in the present study, we selected the 24h records at the same period of the FFQ
assessment to specifically assess ultra-processed food (UPF) consumption.

The methodology for the classification of foods according to NOVA presented in this
supplemental has been described in a previous publication (2).

All food and beverage items of the NutriNet-Santé composition dataset (n>3,500) were
categorized into one of the four NOVA groups, a food classification system based on the extent
and purpose of industrial food processing (3-5).

The UPF group of the NOVA classification (NOVA4) is the primary focus of this study.
Products in this group undergo industrial processes that include, for instance, hydrogenation,
hydrolysis, extruding, molding, reshaping, and pre-processing by frying. Flavoring agents,
colorings, emulsifiers, humectants, non-sugar sweeteners and other cosmetic additives are often
added to these products to imitate the sensorial properties of unprocessed or minimally-
processed foods and their culinary preparations. The UPF group is defined by opposition to the
other NOVA groups: “unprocessed or minimally-processed foods” (fresh, dried, grounded,
chilled, frozen, pasteurized or fermented staple foods such as fruit, vegetables, pulses, rice,
pasta, eggs, meat, fish or milk), “processed culinary ingredients” (salt, vegetable oils, butter,
sugar and other substances extracted from foods and used in kitchens to transform unprocessed
or minimally-processed foods into culinary preparations) and “processed foods” (canned
vegetables with added salt, sugar-coated dry fruits, meat products only preserved by salting,
cheese and freshly made unpackaged breads, and other products manufactured with the addition
of salt, sugar or other substances of the “processed culinary ingredients” group). As previously
described (2), home-made and artisanal food preparations were identified and broken down
using standardized recipes, and the NOVA classification was applied to their ingredients.
Examples of such products as well as examples of distinctions between UPF and products from
other NOVA categories are provided below:

Poultry and fish nuggets and sticks and other reconstituted meat products transformed with
addition of preservatives other than salt (e.g. nitrites); instant noodles and dehydrated soups;
carbonated diet and regular sodas; chocolate with emulsifiers, chewing gums and candies with
dyes (confectionery); margarine, instant desserts;, most breakfast ‘cereals’, ‘energy’ bars;
‘energy’ drinks; flavored milk drinks; sweet desserts made from fruit with added sugars,
artificial flavors and texturizing agents, cooked seasoned vegetables with ready-made sauces;
vegetable patties (meat substitutes) containing food additives, ‘health’ and ‘slimming’ products
such as powdered or ‘fortified’ meal and dish substitutes.

For instance, salted-only red or white meats are considered as “processed foods” whereas
smoked or cured meats with added nitrites and conservatives, such as sausages and ham are
classified as “ultra-processed foods™.

Similarly, canned salted vegetables are considered as “processed foods” whereas industrial
cooked or fried seasoned vegetables, marinated in industrial sauces with added flavourings are
considered as “ultra-processed foods”.

Flavoured breakfast cereals with added emulsifiers, texturizing agents and/or colorants were
included in the UPF group. Homemade granola, oatmeal, rye and barley flakes without
additives were not considered as ultra-processed.

Regarding soups, canned liquid soups with added salts, herbs and spices are considered as
“processed foods” while instant dry soup mixes are considered as “ultra-processed foods”.



The NOVA classification was applied to the foods consumed in the NutriNet-Santé study. To
do this, we assigned 5 categories: NOVA 1,2,3,4 and a category for recipes. Indeed, if many
mixed foods are classified in NOV A4 some have to be broken down (40% of food items). We
used generic recipes to assign NOV A categories to the ingredients of these recipes.

Unprocessed or minimally
processed foods (NOVA 1)

fresh, dried, milled, refrigerated, frozen, pasteurized or
fermented staple foods such as fruit, vegetables, pulses, rice,
pasta, eggs, meat, fish or milk

Processed culinary ingredients
(NOVA 2)

salt, vegetable oils, butter, sugar and other substances
extracted from food and used in kitchens to transform
unprocessed or minimally processed food into culinary
preparations

Processed foods (NOVA 3)

canned vegetables with added salt, dried fruit coated with
sugar, meat products preserved only by salting, unpackaged
fresh cheeses and breads, and other products manufactured
with the addition of salt, sugar or other substances from the
"processed culinary ingredients" group

Ultra-processed foods (NOVA
4)

Foods treated by various industrial processes
(hydrogenation, hydrolysis, extrusion, moulding, reshaping
and pre-treatment by frying). Addition of flavouring agents,
colourings, emulsifiers, humectants, non-sugar sweeteners
and other cosmetic additives.




Supplemental Method 3: Molar sum of DAP metabolites in pmol/g creatinine according
to quartiles of share of organic food in the diet and of organic and conventional fruit and
vegetable consumption in a subsample of the study with available pesticide biomarkers,
NutriNet-Santé cohort, France, 2011-2014 (n=289)1

Q1 Q2 Q3 Q4 P-trend’
Share of organic food
o the diet 0.00 (0.00) 0.06 (0.06) 0.57 (0.04) 0.78 (0.09) <.0001
MPs 0.19 (0.42) 0.19 (0.32) 0.18 (0.27) 0.15 (0.32) 0.52
EPs 0.25 (0.47) 0.20 (0.46) 0.12 (0.25) 0.13 (0.31) 0.04
DAPs 043 (0.66)  039(0.61)  030(0.40)  0.29 (0.45) 0.06
Organic fruit and
vegetable consumption 0.00 (0.00) 31.24 (25.10) 218.64 619.79 <.0001
(77.18) (252.95)
(g/d)
MPs 0.19 (0.41) 0.20 (0.38) 0.16 (0.33) 0.15 (0.18) 0.40
EPs 0.25 (0.46) 0.18 (0.47) 0.09 (0.14) 0.16 (0.35) 0.06
DAPs 0.44(0.65) 039 (0.64)  025(037)  0.32 (0.44) 0.06
Conventional fruit and 61.51 (38.74) 189.34 388.23 848.20
vegetable consumption ’ ’ (42.49) (79.78) (373.30) <.0001
(g/d)
MPs 0.15 (0.32) 0.18 (0.32) 0.12(0.17) 0.25 (0.46) 0.22
EPs 0.08 (0.15) 0.15 (0.32) 0.21 (0.38) 0.26 (0.56) 0.003
DAPs 0.23 (0.38) 0.33 (0.43) 0.33 (0.47) 0.51(0.77) 0.004

Abbreviations: DAPs, dialkylphosphates; EPs, diethylphosphates; MPs, dimethylphosphates;
concentratition are in pmol/g creatinine. For a complete description of this analysis, see (6).
'Values are means (SD)

*P-value refers to contrast from ANOVA across quartiles



Supplemental Method 4: Spearman correlation between fruit and vegetables
consumption, nutrients and urinary pesticide residues concentration'”

total organic conventio Beta- Vitamin Fibers EPs DAPs MPs
fruit & fruit nal carote C
vegetables & fruit ne
vegetables &
vegetables
total fruit & vegetables 1.00 0.45 0.59 0.81 0.68 0.80 0.08 0.08 0.05
organic fruit & vegetables 1.00 -0.30 042 030 0.44 -0.07 -0.06 0.03
conventional fruit & vegetables 1.00 0.44 0.41 0.41 0.14 0.13 0.04
Beta-carotene 1.00  0.60 0.72 0.01 -0.02 -0.04
Vitamin C 1.00  0.61 0.08 0.06 0.02
Fibers 1.00 0.05 0.04 0.00
EPs 1.00 0.73 0.30
DAPs 1.00 0.78
MPs
1.00

Abbreviations: DAPs, dialkylphosphates; EPs, diethylphosphates; MPs, dimethylphosphates;
'n=31,179 for all variables except for urinary pesticide residues concentration (n=289)

% bold value are P<0.05



Supplemental Method 5: Multiple Imputation

Multiple Imputation by Chained Equations (MICE) is a widely used method for handling
missing values in datasets (7,8). This approach involves generating multiple complete (or
"imputed") datasets, analysing each dataset separately, and then combining the results to draw
final conclusions.

The process for imputing missing values involves two steps. First, simple methods such as using
the mean for numeric variables or the most common category for categorical variables are used.
Then, variables with missing values are imputed sequentially using regression models. For each
variable with missing values, a regression model is built using the other variables as predictors.
For example, if a variable Y has missing values, a regression model is fitted with Y as the
dependent variable and the other variables as predictors. The missing values of Y are then
imputed using this model.

The stepwise imputation process is repeated for a number of iterations, allowing the imputations
to converge to stable values. This process is repeated several times (10 times) to create multiple
complete datasets. Each imputed dataset is slightly different, reflecting the uncertainty
associated with missing values. Each complete dataset is analysed separately using appropriate
statistical methods (e.g., regression models, hypothesis testing). The results of the separate
analyses are combined to produce final estimates and confidence intervals using rules specific
to multiple imputation, such as Rubin's rules (9).



Supplemental Method 6: Marginal Structural Modelling
We employed marginal structural modelling to construct counterfactual models and thus
facilitating causal inference (10,11). Original structural models involve a multi-step estimation
procedure designed to control the effects of confounding variables. These models considered
two weights based on inverse probability weighting, incorporating the likelihood of exposure
and the likelihood of censoring, which are combined as follows:
EC _ cuaX o f(Ep) Pr[C = 0|E,]

W= SWEOW = HElz,) * PriC = 01, Z,]
The combined weights SWEC are calculated by multiplying the stabilized inverse probability
of exposure weight (SWE) and the stabilized inverse probability of censoring weight (SW¢).
These probabilities were derived from linear and logistic regressions, with f(x) representing a
probability density function under the assumption of Gaussian distribution (12). The variables
E, Z and C were defined as follows: E represents exposure, Z is a vector of covariates, and C is
the indicator variable for censoring during the follow-up. Both the numerators were used for
stabilisation process and were derived from distinct models. The probability of exposure was
estimated using the covariates of the model 1.
Assuming there were no measurement errors during the study, no unmeasured confounding
factors, and that the models used for estimating weights were correctly specified, applying the
combined weights to the study participants will create a pseudo-population. This pseudo-
population will ensure that the distribution of exposure is not influenced by any confounding
factors.




Supplemental Method 7: Inverse Probability Weighting

Inverse probability weighting is a statistical method that allows us to partially account for
selection bias that is related to missing data at follow-up. The strategy of the method is to
attribute more weight to individuals who have similar characteristics as those individuals who
were excluded from analyses (13,14). Its implementation includes the following steps:
1.Creation of a logistic regression model that predicts the probability of being included into the
study sample with a maximum of accuracy (i.e. with a maximal area under the curve-value),
and a Hosmer-Lemeshow-test indicating adequate fit (i.e. p > 0.05).

2.Extraction of the predicted probabilities for inclusion into the study sample for each
participant.

3.Verification that the highest 10% predicted probabilities do not exceed 50% of the sum of all
probabilities.

4.Computation of the inverse of the predicted probabilities (1/probability).

5.Computation of ‘stabilized weights’: multiplication of each “1/probability” with the sampling
proportion (i.e. the proportion of included participants among all participants of the ‘source’
population);

6.Inclusion of these stabilized weights into the desired statistical analysis (using, for example,
the ‘weight’- statement of SAS proc logistic®).

The reference population was the entire NutriNet-Santé cohort (in 2014), i.e. 112,468
participants.

In the case of our analyses, the probability to be included in the study sample notably
corresponded to the probability to have follow-up data. The basic logistic regression model
comprised ‘inclusion in our final study sample (yes/no)’ as the dependent variable, and the
exposure variable of interest as an independent variable. Further independent variables to be
included were chosen from the different available sociodemographic, lifestyle, and health-
variables on the basis of descriptive tables comparing included and excluded participants:
variables that showed a significant (or nearly significant) difference between included and
excluded participants were included in the logistic regression model. Moreover, interaction
terms were tested in order to improve the predictive potential of the model.

10



Supplemental Table 1: Substitution of conventional with organic fruits and vegetables in association with the risk of cancer, after
removing early cases (n= 241), NutriNet-Santé cohort, France, 2014-2024 (n = 30,938)’

Per 100g increment P-value Sex-specific quintiles P-trend’

Q1 Q2 Q3 Q4 Qs

All cancers

n Events 343 271 297 291 275

Person-Years 44,964 45,891 45,512 46,361 44,804

Model 1° 0.99 (0.96-1.01) 0.23 1 (ref) 0.86 (0.72-1.01) 1.05 (0.88-1.24) 1.00 (0.85-1.19) 0.94 (0.80-1.11) 0.89

Model 2 * 0.98 (0.96-1.01) 0.23 1 (ref) 0.86 (0.72-1.01) 1.05 (0.88-1.25) 1.00 (0.85-1.19) 0.94 (0.80-1.10) 0.9

Model 3 ° 0.98 (0.96-1.01) 0.23 1 (ref) 0.87 (0.73-1.03) 1.08 (0.91-1.28) 1.02 (0.86-1.22) 0.95 (0.80-1.12) 0.8

Postmenopausal Breast cancer

n Events 71 47 42 49 42

Person-Years 20,968 17,720 14,733 17,022 20,181

Model 1 *¢ 0.92 (0.86-0.98) 0.01 1 (ref) 0.71 (0.48-1.05) 0.73 (0.48-1.11) 0.77 (0.52-1.13) 0.63 (0.43-0.93) 0.05

Model 2 4¢ 0.92 (0.86-0.98) 0.01 1 (ref) 0.71 (0.48-1.05) 0.73 (0.48-1.11) 0.77 (0.52-1.13) 0.63 (0.43-0.93) 0.05

Model 3 >° 0.92 (0.86-0.98) 0.01 1 (ref) 0.70 (0.48-1.04) 0.73 (0.48-1.11) 0.76 (0.51-1.13) 0.63 (0.42-0.94) 0.05

Prostate cancer

n Events 49 43 52 41 52

Person-Years 11,170 11,411 11,228 11,281 11,139

Model 1° 1.03 (0.96-1.11) 0.36 1 (ref) 0.69 (0.42-1.14) 1.20 (0.75-1.92) 1.04 (0.65-1.68) 1.13 (0.72-1.77) 0.26

Model 2 * 1.03 (0.97-1.10) 0.31 1 (ref) 0.98 (0.63-1.51) 1.37 (0.89-2.11) 1.17 (0.75-1.83) 1.40 (0.94-2.09) 0.06

Model 3 ° 1.03 (0.97-1.10) 0.31 1 (ref) 0.98 (0.63-1.51) 1.39 (0.90-2.14) 1.18 (0.75-1.84) 1.39 (0.93-2.08) 0.07

Colorectal cancer

n Events 33 21 23 26 25

Person-Years 44 964 45,891 45,512 46,361 44,804

Model 1° 0.99 (0.91-1.08) 0.82 1 (ref) 0.66 (0.37-1.17) 0.81 (0.45-1.46) 0.92 (0.52-1.61) 0.96 (0.57-1.64) 0.74

Model 2 * 0.99 (0.91-1.08) 0.83 1 (ref) 0.66 (0.37-1.17) 0.81 (0.45-1.46) 0.92 (0.52-1.61) 0.97 (0.57-1.64) 0.73

Model 3 ° 0.99 (0.90-1.08) 0.79 1 (ref) 0.67 (0.38-1.21) 0.88 (0.49-1.59) 0.96 (0.55-1.70) 0.97 (0.56-1.68) 0.7

Skin cancer

n Events 44 28 42 37 41

Person-Years 44 964 45,891 45,512 46,361 44,804

Model 1° 1.01 (0.94-1.08) 0.79 1 (ref) 0.68 (0.42-1.12) 1.17 (0.73-1.86) 0.97 (0.61-1.55) 0.99 (0.64-1.52) 0.6

Model 2 * 1.01 (0.94-1.08) 0.79 1 (ref) 0.68 (0.42-1.12) 1.17 (0.73-1.87) 0.97 (0.61-1.55) 0.99 (0.64-1.52) 0.6

Model 3 ° 1.03 (0.96-1.11) 0.36 1 (ref) 0.69 (0.42-1.14) 1.20 (0.75-1.92) 1.04 (0.65-1.68) 1.13 (0.72-1.77) 0.26

"HR (Hazard Ratio) and 95% CI (95% confidence interval) are derived from multivariable Cox proportional hazard, Q: Quintile.
? P-value of Wald test for quintile as an ordinal variable
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3 Model 1 is a multivariable Cox proportional hazard model adjusted for age (time-scale), sex (when appropriate), educational, occupation, monthly household income, marital
status, energy intake without alcohol (continuous variable), alcohol consumption (continuous variable), physical activity, smoking status, number of cigarettes smoked
(continuous variable), body mass index (continuous variable), height (continuous variable), family history of cancer, sSPNNS-GS2 (continuous variable) and total fruit and
vegetables consumption

* Model 2 is Model 1 further adjusted for ultra-processed food consumption

> Model 3 is Model 1 with the replacement of sSPNNS-GS2 with intakes of dairy products, red meat, processed meat, wholegrain products, sugar, sodium, and total lipids (all
modeled as continuous variables (g/d))

% In the postmenopausal breast cancer models, further adjustments were made for age at menarche (<12 years, >12 years), menopausal treatment use (yes/no), and number of
children (continuous)
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Supplemental Table 2. Substitution of conventional with organic fruits and vegetables in association with the risk of cancer while

replacing % organic for “rarely” modalities from 25% to 10%, NutriNet-Santé cohort study, France, 20142024 (n = 31,179)"

Per 100g increment P-value Sex-specific quintiles P-trend*

Q1 Q2 Q3 Q4 Qs

All cancers

n Events 406 332 335 332 313

Person-Years 45,005 46,169 45,376 46,276 44,834

Model 1° 0.98 (0.96-1.00) 0.04 1 (ref) 0.85 (0.73-1.00) 1.00 (0.86-1.18) 0.96 (0.82-1.13) 0.89 (0.76-1.03) 0.48

Model 2 * 0.98 (0.95-1.00) 0.04 1 (ref) 0.85 (0.73-1.00) 1.01 (0.86-1.18) 0.96 (0.82-1.13) 0.89 (0.76-1.03) 0.47

Model 3 ° 0.98 (0.95-1.00) 0.06 1 (ref) 0.86 (0.74-1.01) 1.03 (0.88-1.21) 0.99 (0.84-1.16) 0.90 (0.77-1.05) 0.63

Postmenopausal Breast cancer

n Events 85 53 50 47 49

Person-Years 21,396 18,150 14,363 16,658 20,078

Model 1 *¢ 0.91 (0.86-0.97)  0.003 1 (ref) 0.60 (0.41-0.88) 0.67 (0.45-1.00) 0.57 (0.39-0.85) 0.61 (0.42-0.87) 0.01

Model 2 4¢ 0.91 (0.86-0.97)  0.003 1 (ref) 0.60 (0.41-0.87) 0.67 (0.45-1.00) 0.57 (0.39-0.85) 0.61 (0.42-0.87) 0.01

Model 3 >¢ 0.91 (0.86-0.97) 0.01 1 (ref) 0.61 (0.42-0.88) 0.68 (0.45-1.01) 0.58 (0.39-0.86) 0.61 (0.42-0.89) 0.01

Prostate cancer

n Events 56 57 53 45 58

Person-Years 11,121 11,625 11,051 11,345 11,130

Model 1° 1.01 (0.96-1.07) 0.66 1 (ref) 1.07 (0.72-1.59) 1.26 (0.83-1.92) 1.12 (0.73-1.71) 1.36 (0.93-1.99) 0.12

Model 2 * 1.01 (0.95-1.07) 0.67 1 (ref) 1.07 (0.72-1.60) 1.28 (0.84-1.95) 1.12 (0.73-1.72) 1.35(0.93-1.98) 0.13

Model 3 ° 1.02 (0.96-1.08) 0.62 1 (ref) 1.09 (0.73-1.63) 1.30 (0.85-1.99) 1.13 (0.74-1.75) 1.39 (0.94-2.06) 0.11

Colorectal cancer

n Events 36 26 27 29 28

Person-Years 45,005 46,169 45,376 46,276 44,834

Model 1° 0.99 (0.92-1.07) 0.83 1 (ref) 0.81 (0.47-1.38) 0.87 (0.49-1.52) 0.98 (0.58-1.68) 1.01 (0.61-1.66) 0.74

Model 2 * 0.99 (0.92-1.07) 0.83 1 (ref) 0.81 (0.47-1.38) 0.86 (0.49-1.52) 0.98 (0.58-1.68) 1.01 (0.61-1.67) 0.74

Model 3 ° 0.99 (0.92-1.07) 0.86 1 (ref) 0.84 (0.49-1.44) 0.96 (0.54-1.69) 1.06 (0.62-1.81) 1.04 (0.62-1.74) 0.63

Skin cancer

n Events 61 47 41 43 43

Person-Years 45,005 46,169 45,376 46,276 44,834

Model 1° 0.96 (0.90-1.02) 0.19 1 (ref) 0.66 (0.42-1.04) 0.96 (0.62-1.47) 0.80 (0.53-1.23) 0.75 (0.50-1.11) 0.33

Model 2 * 0.96 (0.90-1.02) 0.19 1 (ref) 0.66 (0.42-1.04) 0.96 (0.62-1.48) 0.80 (0.53-1.23) 0.75 (0.50-1.11) 0.33

Model 3 ° 0.98 (0.92-1.04) 0.48 1 (ref) 0.67 (0.43-1.06) 0.98 (0.64-1.52) 0.85 (0.56-1.31) 0.84 (0.56-1.26) 0.72

'"HR (Hazard Ratio) and 95% CI (95% confidence interval) are derived from multivariable Cox proportional hazard, Q: Quintile.

? P-value of Wald test for quintile as an ordinal variable

3 Model 1 is a multivariable Cox proportional hazard model adjusted for age (time-scale), sex (when appropriate), educational, occupation, monthly household income, marital
status, energy intake without alcohol (continuous variable), alcohol consumption (continuous variable), physical activity, smoking status, number of cigarettes smoked
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(continuous variable), body mass index (continuous variable), height (continuous variable), family history of cancer, SPNNS-GS2 (continuous variable) and total fruit and
vegetables consumption

* Model 2 is Model 1 further adjusted for ultra-processed food consumption

> Model 3 is Model 1 with the replacement of SPNNS-GS2 with intakes of dairy products, red meat, processed meat, wholegrain products, sugar, sodium, and total lipids (all
modeled as continuous variables (g/d))

% In the postmenopausal breast cancer models, further adjustments were made for age at menarche (<12 years, >12 years), menopausal treatment use (yes/no), and number of
children (continuous)
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Supplemental Table 3. Substitution of conventional with organic fruits and vegetables in association with the risk of overall cancer,
NutriNet-Santé cohort study, sensitivity analyses, France, 2014-2024 (n = 31,179)1

‘Per 100g P-value Sex-.spe'scific P-trend’
increment quintiles
Q1 Q2 Q3 Q4 Q5

Sensitivity analysis >*
All cancers 0.93 (0.90-0.96)  <0.0001 1 (ref) 0.75 (0.63-0.90)  0.87 (0.72-1.05) 0.63 (0.51-0.78) 0.58 (0.48-0.70) <0.0001
Postmenopausal Breast cancer ~ 0.80 (0.72-0.88)  <0.0001 1 (ref) 1.11 (0.68-1.79)  0.39(0.21-0.73) 0.38 (0.20-0.72) 0.49 (0.28-0.87) 0.0001
Sensitivity analysis 2>’
All cancers 0.97 (0.95-0.99)  0.02 1 (ref) 0.88 (0.76-1.02)  1.10 (0.95-1.28) 1.03 (0.89-1.19) 0.89 (0.76-1.03) 0.60
Postmenopausal Breast cancer 0.90 (0.85-0.95) 0.0002 1 (ref) 0.76 (0.54-1.08)  0.77 (0.54-1.12) 0.81 (0.57-1.15) 0.56 (0.39-0.82) 0.01
Sensitivity analysis 3 >°
All cancers 0.98 (0.96-1.01)  0.21 1 (ref) 1.03 (0.86-1.24)  1.12(0.92-1.35) 1.06 (0.88-1.28) 0.93 (0.78-1.12) 0.59
Postmenopausal Breast cancer 0.90 (0.83-0.97)  0.004 1 (ref) 0.92 (0.60-1.40)  0.79 (0.49-1.26) 0.76 (0.49-1.20) 0.55 (0.35-0.88) 0.01
Sensitivity analysis 4”7
All cancers 0.97 (0.94-0.99) 0.02 1 (ref) 0.85(0.73-1.00)  1.02 (0.86-1.20) 0.96 (0.81-1.14) 0.87 (0.72-1.04) 0.46
Postmenopausal Breast cancer  0.92 (0.85-0.99) 0.03 1 (ref) 0.71 (0.49-1.02)  0.71 (0.47-1.06) 0.76 (0.50-1.14) 0.69 (0.44-1.09) 0.17

"HR (Hazard Ratio) and 95% CI (95% confidence interval) are derived from multivariable Cox proportional hazard, Q: Quintile.

% Cox proportional hazard model adjusted for age (time-scale), sex (when appropriate), educational, occupation, monthly household income, marital status, energy intake
without alcohol (continuous variable), alcohol consumption (continuous variable), physical activity, smoking status, number of cigarettes smoked (continuous variable), body
mass index (continuous variable), height (continuous variable), family history of cancer, sSPNNS-GS2 (continuous variable) and total fruit and vegetables consumption.
Models for the risk of postmenopausal breast cancer were further adjusted for age at menarche, menopausal treatment use, and number of children (continuous)

3 P-value of Wald test for quintile as an ordinal variable

* Sensitivity analysis 1 is a model weighted for 2009 census data (including only participants from the French mainland with available variable for weighting, n=30,948,
weighted number of cancer cases n=1,194, weighted number of postmenopausal breast cancer cases n=158)

> Sensitivity analysis 2 is a marginal structural model

% Sensitivity analysis 3 is a model weighted for selection bias using inverse probability weighting

"Sensitivity analysis 4 is a multivariable Cox proportional with the replacement of sPNNS-GS2 with consumption of organic dairy products, red meat, processed meat,

wholegrain products, conventional dairy products, red meat, processed meat, wholegrain products, and intake of sugar, sodium, and total lipids (continuous variables)
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Supplemental Figure 1: Flowchart of the sample

[ 34,425 participants with dietary data ]

[ 3,133 prevalent cancer cases H

[ 31,292, participants without prevalent cancer

[ 113 without follow-up q

[ 31,179 participantsincluded in the analysis ]
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Supplemental Figure 2: Linearity of the association between conventional, organic, and
organic as residuals (substitution model) fruits and vegetables and risk of cancers'

Conventional F&V Organic F&V Organic as residual F&V
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Panel A is cancer all sites, panel B is postmenopausal breast cancer, panel C is pro
cancer, and panel E is skin cancer

Organic fruit and vegetables consumption modelled as residuals (substitution) on total fruits and vegetables
consumption corresponds to substitution of conventional with organic ones

'"The associations with cancer risk are modelled by multivariable Cox proportional hazard model using restricted
cubic splines and adjusted for age (time-scale), sex (when appropriate), educational, occupation, monthly
household income, marital status, energy intake without alcohol (continuous variable), alcohol consumption
(continuous variable), physical activity, smoking status, number of cigarettes smoked (continuous variable), body
mass index (BMI) (continuous variable), height (continuous variable), family history of cancer. Models for the
risk of postmenopausal breast cancer were further adjusted for age at menarche (<12 years, >12 years), menopausal
treatment use (yes/no), number of children (continuous)

When analyzing conventional F&V and cancer risk (first column), models are adjusted for organic F&V
consumption; conversely, when assessing organic F&V and cancer risk (second column), they are adjusted for
conventional F&V intake. The models evaluating organic fruit and vegetables as residuals (substitution) are further
adjusted for overall fruit and vegetable consumption (third column)

state cancer, panel D is colorectal
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Supplemental Figure 3: Schoenfeld residuals for the association between conventional,
organic, and organic as residuals (substitution model) fruits and vegetables and risk of
cancers

Conventional F&V Organic F&V Organic as residual F&V
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Panel A is cancer all sites, panel B is postmenopausal breast cancer, panel C is prostate cancer, panel D is colorectal
cancer, and panel E is skin cancer

'"The associations with cancer risk are modelled by multivariable Cox proportional hazard model using restricted
cubic splines and adjusted for age (time-scale), sex (when appropriate), educational, occupation, monthly
household income, marital status, energy intake without alcohol (continuous variable), alcohol consumption
(continuous variable), physical activity, smoking status, number of cigarettes smoked (continuous variable), body
mass index (BMI) (continuous variable), height (continuous variable), family history of cancer. Models for the
risk of postmenopausal breast cancer were further adjusted for age at menarche (<12 years, >12 years), menopausal
treatment use (yes/no), number of children (continuous). The models for the association with organic and
conventional fruit and vegetable consumption are further associated for organic fruit and vegetable consumption
when assessing conventional F&V and cancer risk (first column), and for conventional fruit and vegetable
consumption when assessing organic F&V and cancer risk (second column) and intakes of dairy products, red
meat, processed meat, wholegrain products, added sugar, sodium, and total lipids (continuous variable). The model
for the association with organic fruit and vegetables as residuals (substitution) is further adjusted for the total
consumption of fruit and vegetables and the sSPNNS-GS2
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