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IMPORTANCE Although organic foods are less likely to contain pesticide residues than
conventional foods, few studies have examined the association of organic food consumption
with cancer risk.

OBJECTIVE To prospectively investigate the association between organic food consumption
and the risk of cancer in a large cohort of French adults.

DESIGN, SETTING, AND PARTICIPANTS In this population-based prospective cohort study
among French adult volunteers, data were included from participants with available
information on organic food consumption frequency and dietary intake. For 16 products,
participants reported their consumption frequency of labeled organic foods (never,
occasionally, or most of the time). An organic food score was then computed (range,
0-32 points). The follow-up dates were May 10, 2009, to November 30, 2016.

MAIN OUTCOMES AND MEASURES This study estimated the risk of cancer in association with
the organic food score (modeled as quartiles) using Cox proportional hazards regression
models adjusted for potential cancer risk factors.

RESULTS Among 68 946 participants (78.0% female; mean [SD] age at baseline, 44.2 [14.5]
years), 1340 first incident cancer cases were identified during follow-up, with the most
prevalent being 459 breast cancers, 180 prostate cancers, 135 skin cancers, 99 colorectal
cancers, 47 non-Hodgkin lymphomas, and 15 other lymphomas. High organic food scores
were inversely associated with the overall risk of cancer (hazard ratio for quartile 4 vs quartile
1, 0.75; 95% Cl, 0.63-0.88; P for trend = .001; absolute risk reduction, 0.6%; hazard ratio for
a 5-point increase, 0.92; 95% Cl, 0.88-0.96).

CONCLUSIONS AND RELEVANCE A higher frequency of organic food consumption was
associated with a reduced risk of cancer. If these findings are confirmed, further research is
necessary to determine the underlying factors involved in this association.
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orldwide, the number of new cases of cancer was

estimated in 2012 at more than 14 million,"? and

cancer remains one of the leading causes of mor-
tality in France. Among the environmental risk factors
for cancer, there are concerns about exposure to different
classes of pesticides, notably through occupational
exposure.> A recent review* concluded that the role of pesti-
cides for the risk of cancer could not be doubted given the
growing body of evidence linking cancer development to
pesticide exposure. While dose responses of such molecules
or possible cocktail effects are not well known, an increase
in toxic effects has been suggested even at low concentra-
tions of pesticide mixtures.®

Meanwhile, the organic food market continues to grow
rapidly in European countries,® propelled by environmental
and health concerns.”'° Organic food standards do not allow
the use of synthetic fertilizers, pesticides, and genetically
modified organisms and restrict the use of veterinary
medications.! As a result, organic products are less likely to
contain pesticide residues than conventional foods.!?-'3
According to a 2018 European Food Safety Authority!®
report, 44% of conventionally produced food samples con-
tained 1 or more quantifiable residues, while 6.5% of organic
samples contained measurable pesticide residues. In line
with this report, diets mainly consisting of organic foods
were linked to lower urinary pesticide levels compared with
“conventional diets” in an observational study'* of adults
carried out in the United States (the median dialkyphos-
phate concentration among low organic food consumers was
163 nmol/g of creatinine, while among regular organic food
consumers it was reduced to 106 nmol/g of creatinine). This
finding was more marked in a clinical study' from Australia
and New Zealand (a 90% reduction in total dialkyphosphate
urinary biomarkers was observed after an organic diet inter-
vention) conducted in adults.

Because of their lower exposure to pesticide residues, it
can be hypothesized that high organic food consumers
may have a lower risk of developing cancer. Furthermore,
natural pesticides allowed in organic farming in the Euro-
pean Union'® exhibit much lower toxic effects than the syn-
thetic pesticides used in conventional farming.!” Neverthe-
less, only 1 study'® to date has focused on the association
between frequency of organic food consumption and cancer
risk, reporting a lower risk of non-Hodgkin lymphoma (NHL)
only. However, consumption of organic food was assessed
using only a basic question. Multiple studies!®2% have
reported a strong positive association between regular
organic food consumption and healthy dietary habits and
other lifestyles. Hence, these factors should be carefully
accounted for in etiological studies in this research field. In
the present population-based cohort study among French
adult volunteers, we sought to prospectively examine the
association between consumption frequency of organic
foods, assessed through a score evaluating the consumption
frequency of organic food categories, and cancer risk in the
ongoing, large-scale French NutriNet-Santé cohort. The
follow-up dates of the study were May 10, 2009, to Novem-
ber 30, 2016.
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Key Points

Question What is the association between an organic food-based
diet (ie, a diet less likely to contain pesticide residues) and cancer
risk?

Findings In a population-based cohort study of 68 946 French
adults, a significant reduction in the risk of cancer was observed
among high consumers of organic food.

Meaning A higher frequency of organic food consumption was
associated with a reduced risk of cancer; if the findings are
confirmed, research investigating the underlying factors involved
with this association is needed to implement adapted and targeted
public health measures for cancer prevention.

Methods

Study Population

The NutriNet-Santé study is a web-based prospective cohort
in France aiming to study the associations between nutrition
and health, as well as the determinants of dietary behaviors
and nutritional status. This cohort was launched in 2009 and
has been previously described in detail.2> Volunteers with ac-
cess to the internet are recruited from the general population
and complete online self-administrated questionnaires using
a dedicated website.

The NutriNet-Santé study is conducted in accord with the
tenets of the Declaration of Helsinki.?® It was approved by
the institutional review board of the French Institute for
Health and Medical Research and the Commission Nationale
de I’'Informatique et des Libertés. The study is registered at
ClinicalTrials.gov (NCT03335644). Electronic informed con-
sent was obtained from each participant.

Data Collection
The baseline questionnaires investigating sociodemograph-
ics and lifestyles, health status, physical activity, anthropo-
metrics, and diet were pilot tested and then compared against
traditional assessment methods or objectively validated.?”-32
Two months after enrollment, volunteers were asked to pro-
vide information on their consumption frequency of 16 la-
beled organic products (fruits; vegetables; soy-based prod-
ucts; dairy products; meat and fish; eggs; grains and legumes;
bread and cereals; flour; vegetable oils and condiments; ready-
to-eat meals; coffee, tea, and herbal tea; wine; biscuits, choco-
late, sugar, and marmalade; other foods; and dietary supple-
ments). Consumption frequencies of organic foods were
reported using the following 8 modalities: (1) most of the time,
(2) occasionally, (3) never (“too expensive”), (4) never (“prod-
uct not available”), (5) never (“I'm not interested in organic
products™), (6) never (“I avoid such products”), (7) never (“for
no specificreason”), and (8) “I don’t know.” For each product,
we allocated 2 points for “most of the time” and 1 point for “oc-
casionally” (and O otherwise). The 16 components were
summed to provide an organic food score (range, 0-32 points).
Atstudy inclusion, dietary intake was assessed using three
24-hour records, randomly allocated over a 2-week period, in-
cluding 2 weekdays and 1 weekend day, with a validated
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method.3° Participants reported all foods and beverages con-
sumed at each eating occasion. Portion sizes were estimated
using photographs from a previously validated picture
booklet?? or directly entered as grams, volumes, or pur-
chased units. Alcohol intake was calculated using either the
24-hour records or a frequency questionnaire for those iden-
tified as abstainers in the three 24-hour record days. Simi-
larly, the weekly consumption of seafood was assessed by a
specific frequency question. Daily mean food consumption was
calculated from the three 24-hour records completed at in-
ception and weighted for the type of day (weekday or week-
end day). Ultraprocessed food consumption was assessed using
the NOVA classification.3*-

Nutrients intakes were derived from individuals’ food in-
takes assessed via the 24-hour records and were calculated
using the NutriNet-Santé food composition table.?® Underre-
porters were identified and excluded using the method by
Black.*”

Diet quality was assessed using a modified version of the
validated Programme National Nutrition Santé Guideline Score
without the physical activity component (mPNNS-GS), reflect-
ing adherence to the official French nutritional guidelines.>®
Components, cutoffs, and scoring are summarized in eTable
1in the Supplement.

At baseline, data on age, sex, occupational status, educa-
tional level, marital status, monthly income per household unit,
number of children, and smoking status were collected.
Monthly income per household unit was calculated by divid-
ing the household’s total monthly income by the number of
consumption units.?° The following categories of monthly in-
come per household unit were used: less than €1200 (less than
US $1377.46), €1200 to €1800 (US $1377.46 to US $2066.18),
greater than €1800 to €2700 (greater than US $2066.18 to US
$3099.28), and greater than €2700 (greater than US $3099.28).
Physical activity was assessed by the International Physical Ac-
tivity Questionnaire.*®

Anthropometric questionnaires provided information on
weight and height. The use of dietary supplements (yes or no)
and sun exposure were assessed using specific question-
naires. For sun exposure, the question was formulated as fol-
lows: “During adulthood, have you been regularly exposing
yourself to the sun?” (yes or no).

Case Ascertainment

Participants self-declared health events through a yearly health
status questionnaire or using an interface on the study web-
site allowing the entering of health events at any time. For each
reported cancer case, individuals were asked by a study phy-
sician (P.G. and other nonauthors) to provide their medical rec-
ords (diagnoses, hospitalizations, etc). The study physicians
contacted the participants’ treating physician or the respec-
tive hospitals to collect additional information if necessary. All
medical information was collegially reviewed by an indepen-
dent medical expert committee for the validation of major
health events. Overall, medical records were obtained for more
than 90% of self-reported cancer cases. Linkage of our data
(decree authorization in the Council of State No. 2013-175) to
medicoadministrative registers of the national health insur-
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ance system (Systéme National d’Information Inter-Régimes
de ’Assurance Maladie [SNIIRAM] databases) allowed com-
plete reporting of health events. Mortality data were also used
from the French Centre for Epidemiology Medical Causes of
Death database (CépiDC). Cancer cases were classified using
the International Statistical Classification of Diseases and Re-
lated Health Problems, 10th Revision, Clinical Modification.*!
In this study;, all first primary cancers diagnosed between study
inclusion and November 30, 2016, were considered cases ex-
cept for basal cell skin carcinoma, which was not considered
cancer.

Statistical Analysis

For the present study, we used data from volunteers who were
enrolled before December 2016 who completed the organic
food questionnaire (n = 95123) and did not have prevalent can-
cer (except for basal cell skin carcinoma) (n = 89 711), with a
final population of 68 946 adults who had available data for
the computation of the mPNNS-GS and follow-up data. The
studied sample was compared with participants who were in
the eligible population but who were excluded because of miss-
ing data (eTable 2 in the Supplement). To date, the dropout rate
in the NutriNet-Santé cohort is 6.7%.

Baseline characteristics are presented by quartile (Q) of the
organic food score. Cox proportional hazards regression mod-
els with age as time scale were used to estimate hazard ratios
(HRs) and 95% ClIs, reflecting the association between the or-
ganic food score (as a continuous variable, while modeling the
HR associated with each 5-point increase, and as quartiles, with
the first quartile as reference) and the incidence of overall can-
cer. A 5-point increment corresponded to half of the interquar-
tile range. Tests for linear trend were performed using quar-
tiles of the organic food score as an ordinal variable. Full details
about cancer risk modeling are provided in the eAppendix in
the Supplement, with additional information included in
eTables 3 through 6 in the Supplement.

All statistical tests were 2 sided, and P < .05 was consid-
ered statistically significant. A statistical software program
(SAS, version 9.4; SAS Institute Inc) was used for analyses.

. |
Results

The mean (SD) follow-up time in our study sample was 4.56
(2.08) years; 78.0% of 68 946 participants were female, and
the mean (SD) age at baseline was 44.2 (14.5) years. During fol-
low-up, 1340 first incident cancer cases were identified, with
the most prevalent being 459 breast cancers (34.3%), 180 pros-
tate cancers (13.4%), 135 skin cancers (melanoma and spino-
cellular carcinoma) (10.1%), 99 colorectal cancers (7.4%), 47
NHLs (3.5%), and 15 other lymphomas (1.1%).

Baseline Characteristics of the Sample

Higher organic food scores were positively associated with fe-
male sex, high occupational status or monthly income per
household unit, postsecondary graduate educational level,
physical activity, and former smoking status (Table 1). Higher
organic food scores were also associated with a higher
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Table 1. Baseline Characteristics According to Quartiles of the Organic Food Score, NutriNet-Santé Cohort, France, 2009 to 2016

Characteristic Q1 Q2 Q3 Q4 P Value?®
Organic food score, mean (SD), range, 0-32 points 0.72 (0.82) 4.95 (1.41) 10.36 (1.69) 19.36 (4.28) <.001
Participants, No. 16831 17 644 17240 17231 NA
Age, mean (SD), y 42.99 (15.24) 43.31 (14.78) 44.72 (14.30) 45.89 (13.37)  <.001
Female, % 74.2 78.2 78.7 80.9 <.001
Month of inclusion, mean (SD)® 6.08 (2.56) 6.11 (2.57) 6.10 (2.74) 5.99 (2.93) .002
Occupational status, %

Unemployed 5.9 5.7 5.6 6.3

Student 9.5 9.3 7.3 4.6

Self-employed, farmer 1.6 1.7 1.7 2.5

Employee, manual worker 24.4 20.6 17.4 14.9

Intermediate professions 16.3 17.6 17.8 18.8 <001

Managerial staff, intellectual profession 17.8 21.6 25.9 29.1

Retired 19.0 17.9 18.9 17.8

Never employed 5.5 5.6 5.4 6.1
Educational level, %

Unidentified 0.6 0.7 0.5 0.8

<High school diploma 22.8 19.4 16.4 14.4

High school diploma 19.7 17.4 15.7 13.7 <001

Postsecondary graduate 56.9 62.6 67.4 71.1
Marital status, %

Cohabiting 79.6 80.6 81.8 85.3 <.001
Monthly income per household unit, €, %¢

<1200 20.7 17.0 14.0 13.2

1200 to 1800 26.9 25.3 229 23.5

>1800 to 2700 21.2 233 24.7 25.6 <.001

>2700 18.8 22.4 27.6 28.2

Unwilling to answer 12.4 12.0 10.8 9.5
Physical activity, %

Low, <30 min of brisk walking per day or equivalent 24.0 20.8 19.0 17.2

Moderate, 30 to <60 min of brisk walking per day or 33.7 37.3 38.8 40.6

equivalent 03

High, 260 min of brisk walking per day or equivalent 26.8 27.3 29.5 31.3

Missing data 15.5 14.5 12.7 11.0
Smoking status, %

Never smoker 52.0 51.9 50.2 49.4

Former smoker 31.6 31.9 34.5 36.8 <.001

Current smoker 16.4 16.2 15.3 13.8
Alcohol intake, mean (SD), g/d 8.34 (13.84) 8.18 (13.11) 8.17 (12.19) 7.54 (11.30)
Family history of cancer, % 33.8 34.5 36.8 38.6 <.001
BMI, mean (SD) 24.46 (4.92) 23.92 (4.63) 23.64 (4.32) 22.92 (3.89) <.001
Height, mean (SD), cm 166.91 (8.27) 166.58 (8.05) 166.54 (8.11) 166.40 (7.98) <.001
Energy intake, mean (SD), kcal/d® 1881.71 (493.19) 1855.10 (469.03) 1848.42 (474.71) 1841.24 (464.11) <.001
mPNNS-GS, mean (SD) 7.41 (1.72) 7.70 (1.71) 7.95 (1.71) 8.19 (1.69) <.001
Fiber intake, mean (SD), g/d 17.88 (6.55) 18.87 (6.84) 20.05 (7.20) 22.60(8.31) <.001
Processed meat intake, mean (SD), g/d 23.67 (29.40) 21.15(27.12) 18.85 (24.92) 15.12 (22.49) <.001
Red meat intake, mean (SD), g/d 48.72 (44.51) 44,59 (41.44) 40.77 (40.67) 31.44 (36.81) <.001
Parity, mean (SD)" 1.26 (1.26) 1.27 (1.23) 1.34 (1.23) 1.41 (1.21) <.001
Postmenopausal status, %" 16.6 19.3 22.4 24.7 <.001
Use of hormonal treatment for menopause, %° 4.0 4.6 5.0 4.9 .01
Use of oral contraception, % 24.7 23.2 19.1 14.0 <.001

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); mPNNS-GS, Programme National Nutrition Santé
Guideline Score without the physical activity component; NA, not applicable;
Q, quartile.

3 Pvalue based on linear trend for continuous variables or Mantel-Haenszel x?
test for categorical variables.

bThis category indicates the month of the year during which the particpant was
included.

€1n 2018 US dollars, the monetary ranges are “less than $1377.46," “$1377.46
t0 $2066.18," “greater than $2066.18 to $3099.28," and “greater than
$3099.28"

9 Physical activity levels assessed using the French short form of the
International Physical Activity Questionnaire self-administered online.

€ Energy intake without alcohol.

f For women.
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Table 2. Multivariable Associations Between the Organic Food Score (Modeled as a Continuous Variable and as Quartiles) and Overall Cancer Risk,

NutriNet-Santé Cohort, France, 2009 to 2016

HR (95% CI)

P Value HR (95% ClI) for a
Variable Q1 Q2 Q3 Q4 for Trend®  5-Point Increase P Value
Cases/noncases 360/16471 358/17286 353/16887 269/16962 NA NA NA
Model 1° 1 [Reference] 0.93 (0.80-1.07) 0.90 (0.78-1.04) 0.70 (0.60-0.83) <.001 0.91 (0.87-0.94) <.001
Model 2¢ 1 [Reference] 0.94 (0.81-1.09) 0.92 (0.79-1.07) 0.75 (0.63-0.88) .001 0.92 (0.88-0.96) <.001
Model 3¢ 1 [Reference] 0.94 (0.81-1.09) 0.93 (0.80-1.08) 0.76 (0.64-0.90) .003 0.93 (0.89-0.97) <.001

Abbreviations: HR, hazard ratio; mPNNS-GS, Programme National Nutrition

Santé Guideline Score without the physical activity component; NA, not

applicable; Q, quartile.

@ Pvalue for linear trend obtained from the quartile classification by modeling
organic food score quartiles as an ordinal variable.

®Model 1is adjusted for age (time scale) and sex.

€ Model 2 is adjusted for age (time scale) and sex, month of inclusion,
occupational status, educational level, marital status, monthly income per

household unit, physical activity, smoking status, alcohol intake, family history
of cancer, body mass index, height, energy intake, mPNNS-GS, fiber intake,
processed meat intake and red meat intake, and (for women) parity,
postmenopausal status, use of hormonal treatment for menopause, and use of
oral contraception.

9Model 3 is model 2 plus further adjustments for ultraprocessed food
consumption, fruit and vegetable consumption, and dietary patterns
extracted by principal component analysis.

mPNNS-GS. Dietary characteristics by organic food score quar-
tiles are summarized in eTable 7 in the Supplement. Higher or-
ganic food scores were associated with a healthier diet rich in
fiber, vegetable proteins, and micronutrients. Higher organic
food scores were also associated with higher intake of fruits,
vegetables, nuts, and legumes and with lower intake of pro-
cessed meat, other meat, poultry, and milk.

Organic Food Score in Relation to Cancer Risk

The association between the organic food score and the over-
all risk of cancer is summarized in Table 2. After adjustment
for confounders (main model), high organic food scores were
linearly and negatively associated with the overall risk of can-
cer (HR for Q4 vs Ql1, 0.75; 95% CI, 0.63-0.88; P for trend = .001;
absolute risk reduction, 0.6%; HR for a 5-point increase, 0.92;
95% CI, 0.88-0.96). Accounting for other additional dietary fac-
tors did not modify the findings. After removing early cases
of cancers (eTable 5 in the Supplement), the overall associa-
tion remained significant (HR for Q4 vs Q1, 0.70; 95% CI,
0.56-0.88; P for trend = .004).

Combining both a high-quality diet and a high frequency of
organic food consumption did not seem to be associated with a
reduced risk of overall cancer compared with a low-quality diet
and alow frequency of organic food consumption. Negative as-
sociations were found between the risk of cancer and combin-
ing both a low- to medium-quality diet and a high frequency of
organic food consumption (eTable 6 in the Supplement).

Population attributable risks (PAR) were calculated*? from
multivariable-adjusted HRs (main model) in relation to the or-
ganic food score and a family history of cancer to identify how
much of the risk was specifically attributable to the organic food
score. Herein, PAR represents the proportion of cancer cases that
can be attributed to any risk factor studied. By comparison, the
number of avoided cancers (all types of cancer) owing to a high
organic food consumption frequency was slightly lower than the
estimated number of cases owing to a family history of cancer
(% PAR high organic food score of -6.78 vs % PAR family history
of cancer of 8.93) under the causality assumption.

Associations by cancer site are summarized in Table 3. Our
findings revealed a negative association between high or-

jamainternalmedicine.com

ganic food scores and postmenopausal breast cancer, NHL, and
all lymphomas. No associations were observed with other can-
cer sites.

Sensitivity Analysis

When applying a simplified, plant-derived organic food score,
our main findings were not substantially changed except for
postmenopausal breast cancer, for which the association with
the organic food score did not remain significant (Table 4).
When stratifying by various factors, significant associations
were detected in women, older individuals, those with lower
and higher educational levels, individuals with a family his-
tory of cancer, those with low to medium overall nutritional
quality, all body mass index strata, and former smokers
(Figure).

.|
Discussion

In this large cohort of French adults, we observed that a higher
organic food score, reflecting a higher frequency of organic food
consumption, was associated with a decreased risk of devel-
oping NHL and postmenopausal breast cancer, while no asso-
ciation was detected for other types of cancer. Epidemiologi-
cal research investigating the link between organic food
consumption and cancer risk is scarce, and, to the best of our
knowledge, the present study is the first to evaluate fre-
quency of organic food consumption associated with cancer
risk using detailed information on exposure. Therefore, fre-
quency of organic food consumption for various food groups
was assessed, and our models were adjusted for multiple im-
portant confounding factors (sociodemographics, lifestyles,
and dietary patterns). Control for dietary patterns is of high im-
portance because the current state of research in nutritional
epidemiology emphasizes the strong associations between
Western and healthy dietary patterns and the development of
certain types of cancers.*3>%°

Our results contrast somewhat with the findings from the
Million Women Study'® cohort among middle-aged women in
the United Kingdom. In that large prospective study carried
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Table 3. Multivariable Associations Between the Organic Food Score (Modeled as Quartiles) and Cancer Risk by Site, NutriNet-Santé Cohort, France,

2009 to 2016*
Variable Q1 Q2 Q3 Q4 P Value®
Breast cancer, No. 106 115 130 108 NA
HR (95% CI) 1 [Reference] 0.89 (0.68-1.16) 0.93 (0.71-1.20) 0.77 (0.58-1.01) .10
Premenopausal breast cancer, No. 52 59 66 50 NA
HR (95% ClI) 1 [Reference] 1.01 (0.69-1.47) 1.13 (0.78-1.64) 0.89 (0.59-1.35) .76
Postmenopausal breast cancer, No. 69 55 58 50 NA
HR (95% CI) 1 [Reference] 0.76 (0.53-1.08) 0.75 (0.53-1.07) 0.66 (0.45-0.96) .03
Prostate cancer, No. 60 47 45 28 NA
HR (95% CI) 1 [Reference] 0.96 (0.66-1.41) 1.12 (0.75-1.66) 1.00 (0.63-1.60) .78
Colorectal cancer, No. 27 21 27 24 NA
HR (95% ClI) 1 [Reference] 0.77 (0.43-1.36) 0.98 (0.57-1.69) 0.87 (0.48-1.57) .84
Skin cancer, No. 37 35 32 31 NA
HR (95% ClI) 1 [Reference] 0.80 (0.50-1.27) 0.69 (0.43-1.12) 0.63 (0.38-1.05) .06
Non-Hodgkin lymphoma, No. 15 14 16 2 NA
HR (95% ClI) 1 [Reference] 0.98 (0.47-2.06) 1.19 (0.57-2.48) 0.14 (0.03-0.66) .049
All lymphomas, No. 23 16 18 5 NA
HR (95% CI) 1 [Reference] 0.72 (0.38-1.38) 0.87 (0.46-1.65) 0.24 (0.09-0.66) .02

1602

Abbreviations: HR, hazard ratio; mPNNS-GS, Programme National Nutrition
Santé Guideline Score without the physical activity component; NA, not
applicable; Q, quartile.

@ Model is adjusted for age (time scale) and sex, month of inclusion,
occupational status, educational level, marital status, monthly income per
household unit, physical activity, smoking status, alcohol intake, family history

of cancer, body mass index, height, energy intake, mPNNS-GS, fiber intake,
processed meat intake and red meat intake, and (for women) parity,
postmenopausal status, use of hormonal treatment for menopause, and use of
oral contraception.

® P value for linear trend obtained from the quartile classification by modeling
organic food score quartiles as an ordinal variable.

Table 4. Multivariable Associations Between a Simplified Organic Food Score (Modeled as a Continuous Variable and as Quartiles)
and Overall Cancer Risk and Cancer Risk by Site, Sensitivity Analyses, NutriNet-Santé Cohort, France, 2009 to 2016°

Variable

HR (95% CI)

Q1

Q2

Overall cancer

Breast cancer

Premenopausal breast cancer
Postmenopausal breast

cancer
Prostate cancer

Skin cancer

Non-Hodgkin lymphoma

All lymphomas

1 [Reference]
1 [Reference]
1 [Reference]
1 [Reference]

1 [Reference]
1 [Reference]
1 [Reference]
1 [Reference]

0.94 (0.81-1.09)
1.06 (0.81-1.39)
1.10 (0.75-1.60)
1.03 (0.73-1.45)

1.14 (0.77-1.68)
0.85 (0.54-1.35)
0.80 (0.35-1.81)
0.56 (0.27-1.17)

P

Value

for HR (95% CI) for a
Q3 Q4 Trend® 5-Point Increase P Value
0.95 (0.83-1.09) 0.75 (0.63-0.89) .005 0.92 (0.88-0.96) <.001
1.01 (0.79-1.30) 0.88 (0.66-1.16) .38 0.95(0.88-1.01) 11
1.14 (0.80-1.61) 1.01 (0.67-1.52) .85 0.99 (0.99-1.09) .86
0.89 (0.60-1.33) 0.79 (0.53-1.18) .18 0.91(0.83-1.01) .07
1.34 (0.92-1.95) 1.03 (0.61-1.73) .39 1.02 (0.91-1.15) .68
0.53 (0.33-0.86) 0.79 (0.49-1.28) 11 0.89 (0.78-1.01) .06
1.21 (0.61-2.43) 0.27 (0.07-0.96) .23 0.75 (0.60-0.93) .009
0.97 (0.54-1.74) 0.23 (0.08-0.69) .05 0.75 (0.60-0.93) .03

Abbreviations: HR, hazard ratio; mPNNS-GS, Programme National Nutrition
Santé Guideline Score without the physical activity component; Q, quartile.

2 The simplified organic food score comprises the following plant-derived
products that are the main determinants of pesticide exposure: fruits,
vegetables, soy-based products, grains and legumes, bread and cereals, and
flour. Model (main model) is adjusted for age (time scale) and sex, month of
inclusion, occupational status, educational level, marital status, monthly

income per household unit, physical activity, smoking status, alcohol intake,
family history of cancer, body mass index, height, energy intake, mPNNS-GS,
fiber intake, processed meat intake and red meat intake, and (for women)
parity, postmenopausal status, use of hormonal treatment for menopause,
and use of oral contraception.

® pvalue for linear trend obtained from the quartile classification by modeling
organic food score quartiles as an ordinal variable.

outamong 623 080 women, consumption of organic food was
not associated with a reduction in overall cancer incidence,
while a small increase in breast cancer incidence was ob-
served among women who reported usually or always eating
organic food compared with women who reported never eat-
ing organic food. Moreover, despite different populations and
assessment methods, similar results in that study and in our
study were obtained with respect to NHL (in the Million Women
Study, there was a 21% lower risk among regular organic food
consumers compared with nonconsumers).

JAMA Internal Medicine December 2018 Volume 178, Number 12

One possible explanation for the negative association ob-
served herein between organic food frequency and cancer risk
is that the prohibition of synthetic pesticides in organic farm-
ing leads to a lower frequency or an absence of contamina-
tion in organic foods compared with conventional foods*®4”
and results in significant reductions in pesticide levels in
urine.*®In 2015, based on experimental and population stud-
ies, the International Agency for Research on Cancer*® recog-
nized the carcinogenicity of certain pesticides (malathion and
diazinon were classified as probably carcinogenic for hu-
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Figure. Association Between Quartiles of the Organic Food Score (Quartile 4 vs Quartile 1)
and Overall Cancer Risk Stratified by Different Factors, NutriNet-Santé Cohort, France, 2009 to 2016

HR Favors Decreased | Favors Increased P Value
Characteristic (95% ClI) Cancer Risk : Cancer Risk for Interaction
Male 0.91(0.67-1.23) o 97
Female 0.72 (0.59-0.88) K2 ’
Below median age 1.11(0.75-1.65) —o— 36
Above median age 0.71 (0.59-0.86) @] '
<High school diploma 0.72 (0.52-0.99) @
High school diploma 0.97 (0.63-1.47) —eo— .94
Postsecondary graduate 0.71(0.57-0.89) o
Family history of cancer 0.71 (0.56-0.89) @ 20
No family history of cancer 0.82(0.64-1.06) o ’
Low mPNNS-GS 0.68 (0.49-0.93) o
Medium mPNNS-GS 0.74 (0.55-0.99) o .67
High mPNNS-GS 0.77 (0.62-1.04) Fo—
BMI =25 0.81(0.66-0.99) @
BMI >25 to <30 0.66 (0.48-0.90) e .25
BMI 230 0.57(0.35-0.93) —eo—
Never smoker 0.80 (0.62-1.04) Fo- BMI indicates body mass index
Former smoker 0.71(0.55-0.92) o 29 (calculated as weight in kilograms
divided by height in meters squared);
Current smoker 0.71(0.44-1.15 —e—H
¢ ) ‘ S e HR, hazard ratio; and mPNNS-GS,

0.1

-

HR (95% CI)

10 Programme National Nutrition Santé
Guideline Score without the physical
activity component.

mans [group 2A], and tetrachlorvinphos and parathion were
classified as possibly carcinogenic for humans [group 2B]).
While there is a growing body of evidence supporting a role
of occupational exposure to pesticides for various health out-
comes and specifically for cancer development,*>°->! there
have been few large-scale studies conducted in the general
population, for whom diet is the main source of pesticide
exposure.®? It now seems important to evaluate chronic ef-
fects of low-dose pesticide residue exposure from the diet and
potential cocktail effects at the general population level. In par-
ticular, further research is required to identify which specific
factors are responsible for potential protective effects of or-
ganic food consumption on cancer risk.

In our study, we observed a lower risk of breast cancer
among high organic food consumers. This finding may be in-
terpreted in light of a recent review on the link between breast
cancer and various chemicals, which concluded that expo-
sure to chemicals (including pesticides) may lead to an in-
creased risk of developing breast cancer.>* The inverse asso-
ciation found between NHL and organic food consumption in
our study appears to be in line (under the pesticide-harm hy-
pothesis) with a meta-analysis®* reporting that exposure to
malathion, terbufos, and diazinon led to a 22% increased risk
of NHL.

Possible underlying mechanistic pathways relating pesti-
cide residues and carcinogenicity include structural DNA
damage, as well as functional damage through epigenetic
mechanisms. Other mechanisms, such as disorders at the mi-
tochondrion or endoplasmic reticulum level or disturbances
of factors implied in maintaining cell homeostasis, are also fre-
quently mentioned.>> Because endocrine-disrupting pesti-
cides mimic estrogen function, such properties may also be in-
volved in breast carcinogenesis.>®

jamainternalmedicine.com

When considering different subgroups, the results herein
were no longer statistically significant in younger adults, men,
participants with only a high school diploma and with no fam-
ily history of cancer, never smokers and current smokers, and
participants with a high overall dietary quality, while the stron-
gest association was observed among obese individuals (al-
though the 95% CI was large). The absence of significant re-
sultsin certain strata may be associated with limited statistical
power. Regarding the latter association, previous occupa-
tional data have indicated a potential interaction between obe-
sity and pesticide use on cancer risk.>” It can be hypothesized
that obese individuals with metabolic disorders may be more
sensitive to potential chemical disruptors, such as pesticides.

Negative associations were observed herein between the
risk of cancer and combining both low to medium diet qual-
ity and high frequency of organic food consumption. The as-
sociation between cancer risk and combining both a high-
quality diet and high frequency of organic food consumption
approached statistical significance. One hypothesis may be that
higher intake of pesticide-contaminated products'®> may partly
counterbalance the beneficial role of high-quality foods among
individuals with a high dietary quality.

While organic food (on confirmation of our findings) may
be important to reduce the risk of specific cancers, the high
price of such foods remains an important hurdle. Indeed, or-
ganic foods remain less affordable than corresponding con-
ventional products, and high prices are a major obstacle for buy-
ing organic foods.

Limitations

Some limitations of our study should be noted. First, our analy-
ses were based on volunteers who were likely particularly
health-conscious individuals, thus limiting the generalizabil-
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ity of our findings. NutriNet-Santé participants are more of-
ten female, are well educated, and exhibit healthier behav-
iors compared with the French general population.”-® These
factors may may have led to a lower cancer incidence herein
than the national estimates, as well as higher levels of or-
ganic food consumption in our sample.

Second, although organic food frequencies in our study were
collected using a specific questionnaire providing more precise
data than earlier studies, strictly quantitative consumption data
were not available. Some misclassification in the organic food
score intermediate quartiles herein cannot be excluded.

Third, our follow-up time was short, which may have lim-
ited the causal inference, as well as the statistical power for
specific sites, such as colorectal cancer. However, more than
1300 cancer cases were registered in this study. The investi-
gation of longer-term effects, while accounting for exposure
change, will be insightful as part of the cohort’s follow-up. Nev-
ertheless, analyses that were performed by removing cases oc-
curring during the first 2 years of follow-up did not substan-
tially modify our findings.

Fourth, the observed associations may have been influ-
enced by residual confounding. Although we accounted for a
wide range of covariates, including major confounders associ-
ated with organic food consumption (eg, dietary patterns and
other lifestyle factors), residual confounding resulting from un-
measured factors or inaccuracy in the assessment of some co-
variates cannot be totally excluded. Nutritional covariates, such
as the mPNNS-GS or dietary pattern factors, were assessed based
on a high level of precision (59 food groups), while the expo-

Association of Organic Food Consumption With Cancer Risk

sure of interest was calculated using a simple scoring method.
This may have resulted in a potential bias toward attenuated as-
sociations of the exposure of interest. The sensitivity analysis
performed applying a simplified, plant-derived organic food
score (to account for variations in pesticide exposure across food
groups) did not show stringent differences compared with the
original organic food score except for breast cancer.

Fifth, we cannot exclude the nondetection of some can-
cer cases. This is despite the use of a multisource strategy for
case ascertainment.

Strengths of our study include its prospective design and
the large sample size, allowing us to conduct stratified analy-
ses for different cancer sites. In addition, we used a detailed
questionnaire on organic food frequency and clinical valida-
tion of cancer cases.

|
Conclusions

Our resultsindicate that higher organic food consumption is as-
sociated with a reduction in the risk of overall cancer. We ob-
served reduced risks for specific cancer sites (postmenopausal
breast cancer, NHL, and all ymphomas) among individuals with
a higher frequency of organic food consumption. Further pro-
spective studies using accurate exposure data are necessary to
confirm these results and should integrate a large number of in-
dividuals. If confirmed, our results appear to suggest that pro-
moting organic food consumption in the general population
could be a promising preventive strategy against cancer.
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In 2015, the International Agency for Research on Cancer!
classified 3 pesticides frequently used in agriculture—
glyphosate, malathion, and diazinon—as carcinogenic to hu-
mans (group 2A) based on evidence from studies of occupa-

tional exposure in humans

and laboratory studies in ani-
Author Audio Interview mals. Through occupational
& exposure (primarily in agri-

cultural settings), malathion
is associated with prostate
cancer, diazinon is associated with lung cancer, and all 3 pes-
ticides are individually linked to non-Hodgkin lymphoma.' In
the general population, low-level pesticide exposure is wide-
spread, and the primary route of exposure is diet, especially
intake of conventionally grown fruits and vegetables.? In the
United States, more than 90% of the population have detect-
able pesticides in their urine and blood.? Organic foods are pro-
duced without synthetic pesticides and are less likely to con-
tain pesticide residues than conventionally produced,
nonorganic foods.* Crossover trials have shown that switch-
ing from consuming conventionally grown foods to organic
foods decreases urinary concentrations of pesticide metabo-
lites, suggesting reduced exposure to pesticides.* Neverthe-
less, the health consequences of consuming pesticide resi-
dues from conventionally grown foods are unknown, as are the
effects of choosing organic foods or conventionally grown foods
known to have fewer pesticide residues.

In this issue of JAMA Internal Medicine, Baudry et al® ex-
amine the association between self-reported organic food in-
take and cancer risk in the NutriNet-Santé cohort, hypothesiz-
ing that organic food consumers would have a lower risk
because of reduced pesticide exposure. At baseline, the au-
thors classified 68 946 participants according to their self-
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reported intake of 16 groups of organic products and then fol-
lowed them for a mean of 5 years. Participants with the highest
frequency of organic food consumption had a 25% lower risk
of being diagnosed as having cancer during follow-up com-
pared with those with the lowest frequency. This inverse as-
sociation was restricted to risk of postmenopausal breast can-
cer and lymphomas. The lymphoma finding is consistent with
previous studies of occupational exposure and findings from
the Million Women Study?® in the United Kingdom, which also
linked self-reported organic food intake to a 21% lower risk of
non-Hodgkin lymphoma. These consistent results indicate that
the association between pesticide exposure at levels ob-
served in the general population and lymphoma risk is worth
further study. However, the Million Women Study also found
that organic food consumption was linked to a slightly in-
creased breast cancer risk, which raises questions about the
meaning of these findings.

While the study by Baudry et al® has several notable
strengths, such asits large sample size, prospective design, and
modest loss to follow-up, it also has significant weaknesses,
which mandate careful interpretation of the findings. Most sa-
lient among the weaknesses is the fact that the organic food
questionnaire was not validated; therefore, it is unclear what the
intended exposure, organic food consumption, was actually mea-
suring. Organic food intake is notoriously difficult to assess, and
its self-report is highly susceptible to confounding by positive
health behaviors and socioeconomic factors, as is evident from
the data presented in the first table of the article by Baudry et al®
and in previous work from this group.” The authors had a unique
opportunity to address this confounding because NutriNet-Santé
participants reporting no organic food intake had the option to
disclose their reasons for never consuming organic foods, includ-
ing price barriers, limited availability, or lack of interest. How-
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