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Organic Foods for Cancer Prevention—Worth the Investment?
Elena C. Hemler, BS; Jorge E. Chavarro, MD, ScD; Frank B. Hu, MD, PhD

In 2015, the International Agency for Research on Cancer1 classified 3 pesticides frequently used in agriculture—glyphosate,
malathion, and diazinon—as carcinogenic to humans (group 2A)
based on evidence from studies of occupational exposure in
humans and laboratory studies in animals. Through occuAuthor Audio Interview
pational exposure (primarily
in agricultural settings), malaRelated article
thion is associated with prostate cancer, diazinon is associated with lung cancer, and all 3 pesticides are individually
linked to non-Hodgkin lymphoma.1 In the general population,
low-level pesticide exposure is widespread, and the primary
route of exposure is diet, especially intake of conventionally
grown fruits and vegetables.2 In the United States, more than
90% of the population have detectable pesticides in their urine
and blood.3 Organic foods are produced without synthetic pesticides and are less likely to contain pesticide residues than conventionally produced, nonorganic foods.4 Crossover trials have
shown that switching from consuming conventionally grown
foods to organic foods decreases urinary concentrations of pesticide metabolites, suggesting reduced exposure to pesticides.4
Nevertheless, the health consequences of consuming pesticide residues 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 al5 examine the association between self-reported organic food
intake and cancer risk in the NutriNet-Santé cohort, hypothesizing that organic food consumers would have a lower risk because of reduced pesticide exposure. At baseline, the authors
classified 68 946 participants according to their self-reported
intake of 16 groups of organic products and then followed 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 compared with
those with the lowest frequency. This inverse association was
restricted to risk of postmenopausal breast cancer and lymphomas. The lymphoma finding is consistent with previous
studies of occupational exposure and findings from the Million Women Study6 in the United Kingdom, which also linked
self-reported organic food intake to a 21% lower risk of nonHodgkin lymphoma. These consistent results indicate that the
association between pesticide exposure at levels observed 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 increased
breast cancer risk, which raises questions about the meaning
of these findings.
While the study by Baudry et al 5 has several notable
strengths, such as its large sample size, prospective design, and
modest loss to follow-up, it also has significant weaknesses,
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which mandate careful interpretation of the findings. Most salient 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 measuring. 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 al5 and in previous work from this group.7
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, including price barriers, limited availability, or lack of interest. However, the authors treated
all nonconsumers equally in their exposure score, which simplifies scoring for the analysis but does nothing to minimize
biases related to health behaviors.
Another important limitation is that, throughout the article, the authors imply that higher self-reported intake of organic foods serves as a proxy measure for lower exposure to
pesticide residues from food.5 However, they offer no empirical evidence that this is the case. This is not necessarily a flawed
assumption. In fact, 2 independent groups in the United States
have shown that food intake data can be used to estimate an
individual’s relative exposure to pesticides through diet. Using
data from the Multi-Ethnic Study of Atherosclerosis cohort, Curl
and colleagues8 showed that self-reported food frequency
questionnaire data, including self-reported intake of organic
produce, can be used to predict urinary levels of organophosphate pesticide (dialkylphosphate) metabolites. Similarly, Chiu
and collaborators created a Pesticide Residue Burden Score by
combining self-reported food frequency questionnaire data on
fruit and vegetable consumption with pesticide surveillance
data. The score predicted urine and serum pesticide levels in
the US National Health and Nutrition Examination Survey9 and
urinary pesticide concentrations in the Environment and Reproductive Health (EARTH) Study.2 However, self-reported organic produce intake was not related to urinary pesticide biomarkers in the EARTH Study. Pesticide biomarkers reflect
sources of pesticide exposure other than diet and thus cannot serve as indicators of organic food consumption. However, they can help validate lower-cost tools, such as the Pesticide Residue Burden Score, to estimate dietary pesticide
exposure or organic food consumption in relation to health effects in large prospective cohorts.
At the current stage of research, the relationship between
organic food consumption and cancer risk is still unclear. While
ideal, randomized clinical trials would likely not be feasible in
this situation because of the high cost of organic products and
long follow-up period necessary to detect cancer cases. Therefore, prospective cohort studies that use validated exposure
assessments and carefully control for confounders are neces(Reprinted) JAMA Internal Medicine Published online October 22, 2018
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sary. The study by Baudry et al5 provides justification for future studies to create validated tools to assess organic food consumption and investigate its association with cancer risk. More
research in this area is urgently needed because cancer is a serious public health challenge and foods containing pesticide
residues are widely consumed. If future studies provide more
solid evidence supporting the consumption of organic foods
for cancer prevention, measures to lower costs and ensure
equitable access to organic products will be crucial.
While the link between cancer risk and organic food intake is still uncertain, there is compelling evidence that improving other factors, such as body weight, physical activity,
and diet, can lower cancer risk.10 For cancer prevention, the
American Cancer Society10 recommends consuming a healthy
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diet that limits red and processed meat and added sugars, replaces refined grains with whole grains, and increases consumption of fruits and vegetables. For overall health, current
evidence indicates that the benefits of consuming conventionally grown produce are likely to outweigh the possible risks
from pesticide exposure. Concerns over pesticide risks should
not discourage intake of conventional fruits and vegetables,
especially because organic produce is often expensive and inaccessible to many populations. While more research is needed
to examine the role of organic foods in cancer prevention, current recommendations should continue to focus on modifiable risk factors that are backed by solid evidence and encourage healthy dietary patterns, including higher intake of fruits
and vegetables, whether conventional or organic.

2. Chiu YH, Williams PL, Mínguez-Alarcón L, et al.
Comparison of questionnaire-based estimation of
pesticide residue intake from fruits and vegetables
with urinary concentrations of pesticide
biomarkers. J Expo Sci Environ Epidemiol. 2018;28
(1):31-39. doi:10.1038/jes.2017.22
3. Centers for Disease Control and Prevention.
Fourth National Report on Human Exposure to
Environmental Chemicals: Updated Tables. Atlanta,
GA: Dept of Health and Human Services, Centers for
Disease Control and Prevention; March 2018.
4. Bradman A, Quirós-Alcalá L, Castorina R, et al.
Effect of organic diet intervention on pesticide
exposures in young children living in low-income
urban and agricultural communities. Environ Health
Perspect. 2015;123(10):1086-1093. doi:10.1289
/ehp.1408660
5. Baudry J, Assmann KE, Touvier M, et al.
Association of frequency of organic food
consumption with cancer risk: findings from the
NutriNet-Santé prospective cohort study
[published online October 22, 2018]. JAMA Intern
Med. doi:10.1001/jamainternmed.2018.4357

6. Bradbury KE, Balkwill A, Spencer EA, et al;
Million Women Study Collaborators. Organic food
consumption and the incidence of cancer in a large
prospective study of women in the United
Kingdom. Br J Cancer. 2014;110(9):2321-2326. doi:
10.1038/bjc.2014.148
7. Baudry J, Méjean C, Péneau S, et al. Health and
dietary traits of organic food consumers: results
from the NutriNet-Santé study. Br J Nutr. 2015;114
(12):2064-2073. doi:10.1017/S0007114515003761
8. Curl CL, Beresford SA, Fenske RA, et al.
Estimating pesticide exposure from dietary intake
and organic food choices: the Multi-Ethnic Study of
Atherosclerosis (MESA). Environ Health Perspect.
2015;123(5):475-483.
9. Hu Y, Chiu YH, Hauser R, Chavarro J, Sun Q.
Overall and class-specific scores of pesticide
residues from fruits and vegetables as a tool to rank
intake of pesticide residues in United States:
a validation study. Environ Int. 2016;92-93:294-300.
doi:10.1016/j.envint.2016.04.028
10. American Cancer Society Medical and Editorial
Content Team. ACS guidelines for nutrition and
physical activity. https://www.cancer.org/healthy
/eat-healthy-get-active/acs-guidelines-nutrition
-physical-activity-cancer-prevention/guidelines
.html. Revised April 13 2017. Accessed June 18,
2018.

JAMA Internal Medicine Published online October 22, 2018 (Reprinted)

© 2018 American Medical Association. All rights reserved.

Downloaded From: on 10/23/2018

jamainternalmedicine.com

