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Objective   There is epidemiological evidence of an association between occupational pesticide exposure and 
cognitive impairment, but studies on the link with Alzheimer's disease are scarce. We explored the association 
between agricultural exposures and Alzheimer's disease in the AGRICAN cohort.
Methods   We analyzed the relationship between doctor-diagnosed Alzheimer's disease and life-long exposures 
separately among men and women with the following exposures: work on a farm, pesticide use in any job, grow-
ing specific crops (N=13) or rearing animals (N=5), pesticide use on these crops/livestock, with adjustment for 
age, education, smoking, alcohol consumption and body mass index.
Results   Among 109 287 participants in the analysis, 818 (267 men, 551 women) were classified as Alzheimer's 
disease cases. Increased risks were seen for work on a farm [men: odds ratio (OR) 1.81, 95% confidence inter-
val (CI) 0.92–3.57; women: OR 1.58, 95% CI 0.94–2.86] or pesticide use in any job (men: OR 1.14, 95% CI 
0.85–1.53; women: OR 1.42, 95% CI 1.10–1.85). Risks for crops and livestock were close to unity when com-
pared with non–farmers, except for pigs (OR 1.38, 95% CI 1.01–1.89) and rapeseed among men (OR 1.45, 95% 
CI 1.00–2.11) and sunflower among women (OR 1.55, 95% CI 0.90–2.66). Using pesticides increased the risk 
among men especially for sheep/goats (OR 1.98, 95% CI 1.18–3.34), pigs (OR 1.80, 95% CI 1.19–2.74), potatoes 
(OR 1.47, 95% CI 1.03–2.10) and meadows (OR 1.54, 95% CI 1.14–2.08). Among women, risks associated with 
pesticide use on crops were generally elevated, reaching a two–fold increase for corn, rapeseed, sunflower, field 
peas and fruit growing.
Conclusion   Our results suggest that agricultural exposures may play a role in Alzheimer’s disease among both 
men and women, with the highest risks associated with pesticide use in certain livestock and crop activities.
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In 2020, an estimated 55 million individuals across 
the world were living with dementia, a number that 
almost doubles every 20 years (1). Alzheimer's dis-
ease represents about 60 to 70% of all dementia cases 
(2). Recent estimates point to 36 million individuals 
with Alzheimer's disease worldwide (3), a number that 
reaches 426 million when we include individuals with 
prodromal or preclinical stages (4, 5). Several studies 
have shown a decrease in incidence over time in higher-

income countries (6). Age is the main determinant of 
the disease, although nearly 10% of the cases occur 
before the age of 65 (7, 8). The other main risk factors 
are female gender, genetic susceptibility and family 
history (9, 10). Considerable efforts have been made to 
better understand modifiable risk factors (6). Evidence 
of an increased risk has been provided for some fac-
tors, such as low levels of education, smoking, midlife 
obesity, hypertension, alcohol consumption, diabetes, 

This work is licensed under a Creative Commons Attribution 
4.0 International License.



	 Scand J Work Environ Health, vol 52, no 3	 311

Madeline et al

depression and physical and cognitive inactivity (10, 
11). However, fewer studies have explored the role of 
environmental and occupational exposures, such as air 
pollution, electromagnetic fields, metals, and pesticides 
(12, 13). Fewer than fifteen studies have provided 
original data on the role of pesticides in the develop-
ment of Alzheimer's disease. A review including six of 
them suggested that there was evidence of an associa-
tion between occupational exposure to pesticides and 
Alzheimer's disease (12). A meta-analysis performed in 
2016 added only one study and, from three cohorts and 
four case–control studies (6835 individuals including 
1050 cases), calculated a combined odds ratio (OR) of 
1.34 [95% confidence interval (CI) 1.08–1.67] with no 
significant heterogeneity (14).

Pesticides have been used widely in agriculture 
for decades, with annual use of around 2 000 000 tons 
worldwide (15). The French agricultural setting offers a 
variety of crops and livestock with a high pesticide use 
and an opportunity to identify risks related to specific 
crops/livestock (16). The present study is therefore 
based on AGRICAN, a large prospective cohort that 
aims to measure the association between agricultural 
exposures and Alzheimer's disease.

Methods

The AGRICAN cohort

The AGRICAN cohort enrolled active and retired work-
ers in agriculture and related sectors in France start-
ing in 2005, with the main objective of assessing the 
relationship between agricultural exposures and cancer 
incidence and mortality. A secondary aim related to 
neurological health. The eligible population consisted 
of all men and women, active or retired, affiliated with 
the French health insurance for farmers and workers 
in agriculture and related sectors (greenspaces, wood 
industry, cooperatives, tertiary sector…). Eligible indi-
viduals were those aged ≥18 years, affiliated for ≥3 years 
over their lifetime, and living in 2004 in one of the 11 
French regions covered by a population-based cancer 
registry. A total of 181 842 individuals completed a 
self-administered enrolment questionnaire. Details of 
AGRICAN have been described previously (16), and 
questionnaires are available online (www.agrican.fr/
pdf/questionnaires/questionnaire_AGRICAN_Inclu-
sion_en.pdf).

The enrolment self-administered questionnaire 
included data regarding sociodemographic informa-
tion, health history at enrolment (15 diseases includ-
ing Alzheimer's disease, hypertension and diabetes), 
lifestyle habits (smoking, alcohol consumption…) and 

occupational data with a complete curriculum laboris, 
and the history of 13 crops (grassland, vineyard, wheat 
or/and barley, corn, field peas or/and beans, potato, 
tobacco, beet, sunflower, rapeseed, fruit-growing, green-
houses, vegetables) and five livestock (cattle, sheep/
goats, pigs, horses, poultry), with years of start and end 
of production. This questionnaire also included ques-
tions on specific tasks related to crops and livestock, 
including pesticide use.

Outcome definition

At enrolment, participants were asked whether a doctor 
had ever told them that they had Alzheimer's disease. 
If participants answered affirmatively, the age range at 
diagnosis was recorded (<20, 20–39, 40–60, >60 years). 
We also asked whether the questionnaire was completed 
with the help of – or by – a next of kin. In such cases, a 
participant was considered to have the disease if he/she 
or his/her relative had answered positively to the ques-
tion about Alzheimer's disease or had mentioned an age 
at diagnosis. A participant was considered Alzheimer's-
free if he/she responded in the negative. Participants 
with missing data on Alzheimer's disease or covariates 
were excluded from our analysis.

Covariates

Analyses were stratified by gender and adjusted for the 
following risk factors described in the literature: age, 
education level (no school or primary level, secondary 
school, higher level), smoking (pack-years), alcohol 
(never, monthly, weekly, daily) and body mass index 
(BMI). In sensitivity analysis, we further adjusted on 
hypertension and diabetes.

Assessment of exposure to crops, livestock and pesticides

We used four definitions to measure exposure to cover 
pesticide use in agriculture as well as outside agricul-
ture, in any job throughout life, and also to consider 
proxies for other risk factors in agriculture. The first 
one was based on the complete job history that was 
translated into three groups of workers: farmers (report 
of working on a farm); agriculture-related workers 
(jobs outside farms in which pesticides could be used: 
eg, greenspaces, forestry, cooperatives); and non-agri-
cultural workers (eg, craftsmen, fishermen, beekeepers, 
workers in the agricultural tertiary sector). The second 
definition was based on the type of livestock and crops 
grown throughout life (yes/no). The third definition was 
based on the participants' responses to questions regard-
ing occupational use of pesticides (in agriculture or other 
industries). The question was as follows: “Have you ever 
used fungicides or insecticides or herbicides at work?” 

http://www.agrican.fr/pdf/questionnaires/questionnaire_AGRICAN_Inclusion_en.pdf
http://www.agrican.fr/pdf/questionnaires/questionnaire_AGRICAN_Inclusion_en.pdf
http://www.agrican.fr/pdf/questionnaires/questionnaire_AGRICAN_Inclusion_en.pdf
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(yes/no). The last definition was based on items regard-
ing use of pesticide on specific crops and livestock that 
they had grown or raised, with exposure quantified both 
as crop surface area or animal numbers and duration of 
pesticide use on crops and animals. We did not collect 
information on pesticide use on greenhouse crops or on 
vegetables, as the high diversity of crops grown within 
these productions made it difficult to obtain consistent 
exposure data. Additionally, for potatoes, no information 
was available on surfaces treated or duration of treat-
ments. There was also a question on pesticide poison-
ing, phrased as follows: “Have you ever experienced 
pesticide poisoning?”.

Statistical analyses

Logistic regression models were run to study the asso-
ciation between the disease and sociodemographic char-
acteristics and the various exposures described above. 
All models were adjusted for age (continuous variable) 
and conducted separately according to gender consider-
ing that: (i) there were differences in the prevalence of 
Alzheimer's disease (male-to-female ratio = 2/3 in pre-
vious studies (1, 17–23); (ii) types of agricultural tasks 
vary according to gender; and (iii) different biological 
mechanisms could operate among men and women (20). 

In the main analysis, the comparison group consisted 
of participants who never worked on a farm (subse-
quently referred to as “non-agricultural participants”). 
Sensitivity analyses were performed: (i) considering 
other farmers (not exposed to the studied livestock/
crop) in the comparison group; (ii) removing diseased 
individuals who responded themselves; (iii) restricting 
patients with a diagnosis to ≥60 years old; and iv) further 
adjusting for hypertension and diabetes; and (iv) running 
analyses with 'age' variable transformed (logarithmic, 
quadratic, cubic splines) to see if this would better 
model the effect of exposure on Alzheimer's disease. In 
addition, dose–response relationships for quantitative 
exposures were explicitly analyzed in the models, as fol-
lows: for crops, per 10 hectares treated and per 10 years 
of pesticide use; for livestock, per 10 animals raised and 
per 10 years of insecticide use”. Multiple imputation 
was also performed for missing covariate data. Analyses 
were performed using Stata V17.0.

Ethical approval and data protection

The AGRICAN study protocol was reviewed and 
approved by the Advisory Committee on Information 
Processing in Material Research in the Field of Health 
(Comité Consultatif sur le Traitement de l′Information 
en matière de Recherche dans le domaine de la Santé, 
number 01.148) and the French data protection authority 
(Commission Nationale Informatique et Libertés, num-

ber 05.1292). All study participants gave their informed 
consent by sending back the enrolment questionnaire.

Results

Among the 181 842 participants, 149 251 completed 
questions on Alzheimer's disease, and among them 109 
287 had complete information on all covariates (61 181 
men and 48 106 women). In this sample, 818 individu-
als were classified as suffering from Alzheimer's disease 
(551 women and 267 men). Compared to these 818 
patients, the non-included cases (N=679) were one year 
older (mean 81.9 versus 80.8 years), more frequently 
males (40.9 versus 32.6%) and smokers (30.7 versus 
17.6%) but they had a similar level of education (85.6 
versus 85.5% primary level), the same daily alcohol 
consumption (21.5 versus 23.5%) and BMI (25.0 versus 
25.3 kg/m2). The frequency of work on a farm was also 
comparable (95.1 versus 96.4%).

The median age at enrolment was 60 and 64 years 
among men and women, respectively (table 1), higher 
in Alzheimer's disease cases (79 and 83 years among 
men and women, respectively). Participants without 
the disease predominantly had secondary level educa-
tion among men (49.4%) and primary level among 
women (51.2%), while most of the Alzheimer's disease 
cases had primary level education (79.4% and 88.6% 
among men and women, respectively). Half of the men 
were past or current smokers (50.9%) while far fewer 
women smoked (16.6%), and these frequencies were 
lower among patients (47.2% and 3.3% among men and 
women, respectively). However, the quantity of ciga-
rettes smoked was higher among smokers with Alzheim-
er's disease (median 15.0 versus 11.3 pack-years for men 
and 12.0 versus 6.0 pack-years for women). Weekly or 
daily consumption of alcohol was reported by 82.7% 
and 45.4% of men and women without Alzheimer's, 
respectively, and these proportions were lower among 
patients (66.7% and 35.0% among men and women, 
respectively). In Alzheimer's-free individuals 62.3% of 
the men and 47.3% of the women had a BMI >25 kg/m2, 
but the frequencies among cases were lower (41.6% and 
41.8% among men and women, respectively).

Association between Alzheimer's disease and sociodemo-
graphic characteristics

As shown in table 1, among the 818 patients with 
Alzheimer's disease, 691 (89.6%) questionnaires were 
completed by – or with the help of – a next of kin (ver-
sus 17% for non-Alzheimer's individuals); while 80 
(9.8%) reported that they had responded themselves, 
this information was missing for 47 individuals (5.7%). 
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Age at diagnosis was reported to be ≤60 years old for 
only 51 individuals (6.2%). The estimated delay between 
diagnosis and enrolment was 11 years.

Age was associated with Alzheimer's disease among 
both men (+13% per year of age) and women (+14% per 
year of age). Adjusting for age, the risk of Alzheimer's 
disease decreased with the level of education (versus pri-
mary school level: OR 0.69, 95% CI 0.54–0.87 and OR 
0.56, 95% CI 0.31–1.03 respectively for secondary and 
higher level among men; OR 0.65, 95% CI 0.52–0.81 
and OR 0.59 , 95% CI 0.28–1.25 among women). Con-
sidering the number of pack-years and adjusting for age, 
smoking tended to slightly increase the risks among both 
men (OR 1.00, 95% CI 1.00–1.01) and women (OR 1.01 
, 95% CI 0.99–1.03). Risks were decreased with alcohol 
according to the frequency of consumption (versus non-
drinkers: monthly OR 0.70, 95% CI 0.59–0.83, weekly: 
OR 0.55, 95% CI 0.48–0.64, daily: OR 0.57, 95% CI 
0.48–0.65) and also with the BMI as a continuous vari-
able (OR 0.95, 95% CI 0.94–0.97).

Association between Alzheimer's disease and farm work

In the analysis only adjusted for age, individuals who 
had worked on a farm had an increased risk of Alzheim-
er's disease compared to non-agricultural participants 
(OR 1.52, 95% CI 1.13–2.04 globally; OR 1.75, 95% CI 
1.08–2.81 among men; and OR 1.33, 95% CI 0.91–1.95 
among women).

Adjusting for all covariates, the risk of Alzheimer's 
disease among individuals who had worked on a farm 
was lower but still increased among men (OR 1.81, 95% 
CI 0.92–3.57) and among women (OR 1.58, 95% CI 
0.94–2.66). The strength of associations was comparable 
in those who reported growing crops (OR 1.80, 95% CI  
0.91–3.56 among men and OR 1.58, 95% CI 0.93–2.66 
among women) and those raising animals (OR 1.74, 
95% CI 0.87–3.45 among men and OR 1.57, 95% CI  
0.93–2.65 among women), knowing that two thirds of 
farmers in AGRICAN had practiced both.

Table 1. Characteristics of the sample population according to gender and to Alzheimer’s disease report at enrolment. AGRICAN Cohort, France. 
[IQR=interquartile range.]

Men (N=61 191) Women (N=48 106)
No Alzheimer’s disease Alzheimer’s disease No Alzheimer’s disease Alzheimer’s disease

N=60 914 N=267 N=47 555 N=551
N % Median IQR N % Median IQR N % Median IQR N % Median IQR

Sociodemographic and 
lifestyle data
Age 60 46–72  79 75–83 64 51–75 83 78–86
Education

Primary 22 843 37.5 212 79.4 24 334 51.2 488 88.6
Secondary 30 070 49.4 49 18.4 18 073 38.0 59 10.7
Higher 8001 13.1 6 2.2 5148 10.8 4 0.7

Tobacco smoking
Never smoked 29 926 49.1 141 52.8 39 648 83.4 533 96.7
Current/past smoker 30 988 50.9 126 47.2 7907 16.6 18 3.3
Number pack/years 11.3 5–22 15.0 7–31 6.0 2–13 12.0 2–29

Body mass index
<18.5 302 0.5 6 2.3 1219 2.6 37 6.7
18.5–25 22 441 36.8 108 40.4 23 801 50.1 284 51.5
25–30 29 190 47.9 111 41.6 15 859 33.3 163 29.6
>30 8981 14.8 42 15.7 6676 14.0 67 12.2
Value 26.0 24–28 25.8 24–29 24.7 22–28 24.0 21–27

Alcohol consumption
Never 5008 8.2 56 21.0 14 115 29.7 266 48.3
Monthly 5510 9.1 33 12.4 11 853 24.9 92 16.7
Weekly 23 014 37.8 67 25.1 15 826 33.3 112 20.3
Daily 27 382 44.9 111 41.6 5761 12.1 81 14.7

Exposure data *
Work on a farm 512 42 161 512

No 7936 14.0 17 3.3 7487 17.7 17 3.3
Yes 48 533 86.0 195 96.7 34 674 82.3 195 96.7

Pesticide poisoning  235 45 033 514
No 55 206 94.1 220 93.6 44 349 98.5 500 97.3
Yes 3440 5.9 15 6.4 684 1.5 14 2.7

Pesticide use 195 34 093 404
No 18 253 35.2 75 38.5 29 656 87.0 329 81.4
Yes 33 540 64.8 120 61.5 4437 13.0 75 18.6

* Individuals with no missing data on covariates: age, education level, tobacco smoking, alcohol consumption, and body mass index.
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Association between Alzheimer's disease and exposure to 
pesticides

In our population, 33 660 men (64.7%) and 4512 women 
(13.1%) reported the use of pesticides in any job (agri-
culture or other industry). The risk of Alzheimer's dis-
ease among participants reporting pesticide use was 
higher in both sexes, although slightly lower among 
men (OR 1.14, 95% CI 0.85–1.53 versus OR 1.42, 95% 
CI 1.10–1.85 among women). The risk of Alzheimer's 
disease among participants who had been poisoned 
by pesticides was OR 1.64, 95% CI 1.12–2.40, higher 
among women (OR 2.33, 95% CI 1.33–4.06) than men 
(OR 1.48, 95% CI 0.85–1.53).

Association between Alzheimer's disease and exposure to 
crops and livestock

Among participants who have worked on a farm, the 
risks of Alzheimer's disease related to specific crops and 
livestock were generally close to unity (table 2). The 
highest risks were observed for pigs (OR 1.38, 95% CI 
1.01–1.89) and rapeseed (OR 1.45, 95% CI 1.00–2.11)
among men, and sunflower among women (OR 1.55, 
95% CI 0.90–2.66).

Association between Alzheimer's disease and pesticide use 
on specific crops and livestock

Among male farmers, risks were increased when pes-
ticides were used on some crops: meadows (OR 1.54, 
95% CI 1.14–2.08), potatoes (OR 1.47, 95% CI 1.03–
2.10) fruit-growing (OR 1.46, 95% CI 0.95–2.25) (figure 
1). Among women using pesticides, the increases in 
risks were more pronounced than among men for most 
crops, with OR approaching or >2, except for use on 
meadows, beets, tobacco or vineyards.

For pesticide use on animals, men had elevated risks, 
especially for sheep/goats (OR 1.98, 95% CI 1.18–3.34) 
and pigs (OR 1.80, 95% CI 1.19–2.74). Risks were also 
observed among women for pesticide use on horses (OR 
1.34, 95% CI 0.79–2.29) and poultry (OR 1.42, 95% CI 
1.05–1.91).

Dose–effect relationships

Dose–effect relationships did not show clear patterns, 
but the analysis often involved small numbers. Only the 
surfaces of treated meadows were consistently associ-
ated with an increased risk in both men (+3% per 10 ha) 
and women (+ 18% every per 10 ha).

Sensitivity analysis

Analysis using farmers growing other crops/livestock 

as the comparison group did not substantially change 
the results (table 4). Similarly, restricting the analysis 
to questionnaires completed by next of kin had little 
impact.

When considering only the men who reported an age 
at diagnosis of >60 years, risks increased for all crops 
and livestock in (up to 28% for beets), except for pigs. 
Among women, the trends were less consistent and in 
the two directions with reduced precision for some crops 
due to limited numbers.

Analysis with further adjustment on cardiovas-
cular conditions (hypertension – see table 3; cardiac 
arrhythmia – results not shown) and diabetes (results 
not shown) barely affected the results.

Transforming the age variable (logarithmic, qua-
dratic, cubic splines) did not change the risk estimates.

Discussion

In a large cohort in agriculture and related industries, 
we showed that farming and use of pesticides were 
associated with a higher risk of developing Alzheimer's 
disease, with variations according to the gender and the 
type of crops/livestock. Among men, elevated risks were 
observed for those growing rapeseed and rearing pigs, 
with more pronounced effect of insecticide use on pigs 
and sheep. Meadows and potatoes were also associated 

Table 2. Risks of Alzheimer’s according to sex and each crop and live-
stock. All models adjusted for age, education level, tobacco smoking, 
alcohol consumption, body mass index. Reference group consisted of 
non-agricultural participants. [nE=number of cases exposed; OR=odds 
ratio; CI=confidence interval.]

Men Women
nE OR 95% CI nE OR 95% CI

Pesticide use 120 1.14 0.85–1.53 75 1.42 1.10–1.85
Work in agriculture 237 1.81 0.92–3.57 495 1.58 0.94–2.86
Livestock

Cattle 171 0.99 0.67–1.46 380 1.19 0.88–1.60
Sheep 36 1.06 0.73–1.55 78 1.08 0.83–1.40
Pigs 91 1.38 1.01–1.89 236 1.18 0.94–1.48
Horses 90 0.98 0.71–1.33 115 1.02 0.80–1.29
Poultry 83 1.05 0.76–1.45 315 1.23 0.94–1.60

Open field crops
Wheat/barley 138 1.11 0.79–1.56 197 1.11 0.89–1.37
Corn 80 0.90 0.67–1.22 94 1.27 0.99–1.62
Sunflower 18 1.15 0.70–1.89 15 1.55 0.90–2.66
Rapeseed 36 1.45 1.00–2.11 27 1.17 0.78–1.77
Field peas 12 0.80 0.44–1.45 19 1.09 0.68–1.76
Beets 70 1.10 0.80–1.50 120 1.02 0.81–1.29
Meadows 168 1.16 0.78–1.73 292 1.04 0.83–1.31
Potatoes 93 1.22 0.89–1.67 184 0.89 0.71–1.11

Other crops
Vineyards 102 1.00 0.75–1.34 196 1.14 0.93–1.41
Fruit-growing 60 1.10 0.78–1.57 129 1.15 0.90–1.47
Vegetables 23 1.10 0.70–1.72 56 1.02 0.76–1.38
Tobacco 26 1.05 0.69–1.60 50 0.96 0.71–1.31
Greenhouses 7 1.05 0.49–2.28 15 1.32 0.77–2.27
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with an increased risk. Among women, increases were 
seen for the use of insecticides on poultry as well as  
most crops, but notably wheat/barley, corn, potatoes and 
fruit-growing plants.

The AGRICAN cohort offered the opportunity to 
analyze detailed farming exposures, considering gender. 
Women have rarely been included in agricultural stud-
ies, making our results even more original and relevant 
particularly as Alzheimer's disease affects women more.

An important strength of our study lies in the oppor-
tunity to reconstitute the agricultural exposome going as 
far as the type of crops/livestock and the information for 
pesticide use on each of them across the span of an indi-

vidual's life, including the duration, number of animals 
and surfaces. Such a perspective is very important when 
studying a chronic disease like Alzheimer's: details enable 
to explore several exposure metrics, from general ones 
to more targeted (eg, use of pesticides on specific crops/
animals). As >90% of diagnoses were made after age 
65, retirement age for most people, we are confident that 
exposure almost always preceded the disease. Although 
some farmers continue working beyond retirement age, 
this is unlikely to substantially affect the temporal rela-
tionship between exposure and disease onset.

A limitation of this study is the reliance on retro-
spectively collected self-reported pesticide use, which 
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Figure 1. Risks of Alzheimer’s disease by gender 
according to the history of crops and livestock 
and the use of pesticides in farmers compared to 
non-farmers. AGRICAN cohort. Odds ratios (OR) 
and 95% confidence interval (CI)  adjusted on 
age, education, alcohol consumption, smoking 
and body mass index. [nE=number of diseased 
individuals exposed.]
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may introduce differential recall bias. If such a bias 
were present, we would expect it to affect risk estimates 
across all exposures and equally on men and women, 
which was not the case. Moreover, prior work in the 
AGRICAN cohort has demonstrated substantial reli-
ability for participants' reporting of occupational history 
and tasks performed (23). Future studies could further 
refine exposure assessment using the PESTIMAT crop-
exposure matrix, combining detailed task histories with 
crop information to evaluate specific pesticide molecules 
and reduce exposure misclassification (24).

We acknowledge that the diagnosis of Alzheimer's 
disease, even though individuals were asked whether 
a doctor had diagnosed them, is a limitation. This data 
was prone to memory bias due to potential cognitive 
impairment. However, Alzheimer's disease must be 
seen as a continuum from normal cognition to mild, 
moderate and then severe stages (25). The early stages 
of the disease, confirmed by amyloid profile, do not 
necessarily preclude reliable answers to questionnaires, 
especially on past events. The speed of cognitive impair-
ment is variable between individuals. In France, it has 
been estimated that the early stages would correspond 
to one third of the diagnosed patients (26). Moreover, 
AGRICAN participants could be assisted by a next-of-
kin who completed the questionnaire for or with them 
(in about 90% of cases). Surrogate respondents may not 
know all about the life of the participants, but our results 
remained consistent when we restricted the analysis to 
questionnaires completed by a next of kin. Moreover, the 
proportion of missing data was generally close when the 

questionnaire was answered by the participant himself 
or a next of kin. These elements are not in favor of an 
important bias related to questionnaires completed by a 
next of kin. We may have missed cases present in the 
cohort but undiagnosed. Indeed, as demonstrated in 
other studies, significant barriers to healthcare have been 
described for agricultural populations, showing that they 
suffer from geographic isolation, a shortage of special-
ized healthcare professionals, financial difficulties, and 
reluctance to ask for help, which leads to delayed diag-
noses and lower access to treatment, especially for aging 
populations (27). To address potential bias related to this 
issue as the reference group was outside agriculture, we 
also performed a sensitivity analysis with farmers as the 
reference group, that showed little impact on the results. 
In any case, we cannot completely rule out that clas-
sification errors about the disease may have occurred.

In our analysis, we considered the main risk factors 
that have been associated with Alzheimer's disease: age, 
gender, educational level, tobacco smoking, alcohol 
consumption and BMI. We ran separate analyses on 
men and women, finding that associations with exposure 
differed according to gender. We can hypothesize that 
sensitivity to agricultural exposures varies according 
to gender; certain exposures differ between men and 
women by their frequency, intensity or type of pesti-
cides; or the combination with other risk factors plays a 
different role (depression, education, hormones, social 
environment, etc), but we cannot completely rule out 
that these differences are due to chance. We could not 
consider APOE4, a well-established genetic risk factor, 

Table 3. Risks of Alzheimer’s according to sex and quantitative metrics of pesticide use: durationand number of treated animals for livestock, 
duration and treated surface for crops. All models adjusted for age, education level, tobacco smoking, alcohol consumption, body mass index. 
No information was collected on pesticide use in greenhouses and on vegetables; no details were available regarding the duration or surface area 
of treatments on potatoes. The reference group consisted of non-agricultural participants. [nE=number of cases exposed; *: numbers too limited 
(nE<3); OR=odds ratio; CI=confidence interval.]

Men Men Women Women
Duration of pesticide use  

on animals or crops
# of animals or  

surfaces treated
Duration of pesticide use  

on animals or crops
# of animals or  

surfaces treated
nE OR a 95% CI nE OR a 95% CI nE OR a 95% CI nE OR a 95% CI

Insecticides on livestock*
Cattle 33 0.89 0.68–1.15 19 0.96 0.84–1.10 21 0.94 0.68–1.30 17 1.00 0.96–1.04
Sheep/goats 7 1.27 0.70–2.29 5 0.93 0.80–1.09 5 1.65 0.78–3.48 3 0.49 0.09–2.76
Pigs 15 0.71 0.47–1.05 9 1.00 0.47–1.05 9 1.04 0.63–1.72 5 0.09 0.002–5.03
Horses 13 0.66 0.38–1.15 7 0.80 0.11–5.66 7 1.13 0.58–2.20 5 1.33 0.18–9.86
Poultry 15 1.04 0.99–1.00 10 1.00 0.99–1.00 19 1.16 0.85–1.59 19 0.99 0.95–1.03

Pesticides on open field crops
Wheat/barley 24 1.04 0.75–1.44 18 1.02 0.96–1.08 12 1.11 0.66–1.87 3 1.98 0.70–5.57
Corn 18 1.06 0.70–1.59 12 0.99 0.83–1.19 6 1.17 0.55–2.51 3 3.35 0.70–16.0
Rapeseed 6 0.93 0.50–1.74 2 * * 1 * * 1 * *
Sunflower 3 1.65 0.63–4.30 2 * * 3 * * 1 * *
Field peas 2 * * 2 * * 2 * * 0 * *
Beets 10 0.66 0.40–1.10 5 1.04 0.96–1.14 5 1.28 0.45–3.62 2 * *
Meadows 44 1.03 0.82–1.28 28 1.03 1.01–1.06 22 1.02 0.75–1.37 16 1.18 1.04–1.32

Pesticides on other crops
Vineyards 24 1.12 0.84–1.47 16 0.92 0.69–1.22 12 0.95 0.63–1.44 8 0.92 0.58–1.46
Fruit-growing 10 0.75 0.48–1.18 3 0.89 0.31–2.50 2 * * 2 * *
Tobacco 5 1.03 0.53–2.01 2 * * 6 1.31 0.60–2.88 2 * *

a OR are calculated for the increment of 10 years of pesticide use (for duration) or for the increment of 10 animals/10 hectares treated.
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as biological samples were not available (9). We ran 
further models adjusted on some self-reported cardio-
vascular factors: the power of our analysis decreased, 
but our results were globally unchanged.

Studies exploring the links between Alzheimer's 
disease and farming/ pesticides are scarce. Some of them 
have relied on rough data on the diagnosis from death 
certificates (28–30) or limited definition of exposure 
such as a single job title (28, 29) or a single question 
on pesticide use (31, 32). Most had a very low number 
of exposed cases (31–34) or insufficient consideration 
of major confounders (28, 29, 31). Despite these limita-
tions, some of them have found positive results. In the 
US, an analysis based on death certificates and job titles 
found an increase of Alzheimer's disease in farmers, 

especially among those who owned farms (OR 1.76, 
95% CI 1.04–2.81). A Canadian study found a doubling 
in risk in a case–control study in people aged ≥65 years 
from 36 cities (258 cases and 535 controls) based on 
a precise clinical diagnosis but a single question on 
pesticide use (OR 2.17, 95% CI 1.25–3.79) (34). A 
comparable increase, but more imprecise, was found in 
an Australian hospital case–control study (170 cases and 
170 controls) with an OR of 2.54 (95% CI 0.41–27.06) 
for individuals with occupational use of organophos-
phates (33). Two more recent case–control studies based 
their exposure assessment on serum organochlorine 
levels, one in Texas (86 cases and 79 controls) found 
an association for the highest DDE levels OR 4.18, 
95% CI 2.54–5.82) (35), while the other one observed 

Table 4. Risks of Alzheimer’s disease in relation with pesticide use according to gender – sensitivity analysis. For specific crops and livestock, 
education level was considered in only two classes: primary school/secondary or high school.  [OR=odds ratio; CI=confidence interval; *=numbers 
too limited].

Main analysis Comparison group  
(other farmers)

Questionnaire completed 
by next of kin

Alzheimer’s with an age at  
diagnosis reported>60 years

Main analysis adjusted  
on hypertension

NE OR a 95% CI a NE OR a 95% CI a NE OR a 95% CI a NE OR a 95% CI a NE OR a 95% CI a
Men
Work on a farm 237 1.81 0.92–3.57 – – 190 1.67 0.73–3.85 173 1.96 1.10–3.48 233 1.76 0.89–3.46
Use of pesticide in any job 120 1.14 0.85–1.53 – – 97 1.28 0.91–1.79 92 1.31 0.93–1.86 113 1.12 0.82–1.52
Insecticides on livestock

Cattle 80 1.23 0.93–1.63 80 1.19 0.89–1.58 64 1.23 0.89–1.68 57 1.28 0.91–1.78 78 1.22 0.92–1.63
Sheep 16 1.98 1.18–3.34 16 1.93 1.15–3.25 14 2.00 1.13–3.55 13 2.25 1.26–4.01 16 2.03 1.21–3.42
Pigs 26 1.80 1.19–2.74 26 1.77 1.16–2.69 23 1.52 0.96–2.40 17 1.58 0.95–2.65 25 1.77 1.15–2.71
Horses 20 1.48 0.93–2.37 20 1.46 0.91–2.34 18 1.33 0.80–2.22 17 1.77 1.06–2.97 20 1.53 0.95–2.45
Poultry 25 1.44 0.94–2.21 25 1.41 0.92–2.16 22 1.29 0.81–2.05 18 1.46 0.88–2.41 24 1.39 0.90–2.15

Pesticides on open field crops
Wheat/barley 64 0.98 0.73–1.32 64 0.94 0.69–1.26 52 0.97 0.69–1.35 51 1.15 0.82–1.61 60 0.92 0.68–1.25
Corn 41 0.81 0.57–1.15 41 0.77 0.54–1.09 32 0.82 0.55–1.22 29 0.85 0.57–1.29 39 0.79 0.55–1.12
Rapeseed 18 1.38 0.85–2.25 18 1.32 0.81–2.16 14 1.48 0.84–2.61 14 1.60 0.92–2.81 18 1.42 0.87–2.32
Sunflower 10 1.14 0.60–2.17 10 1.08 0.57–2.06 7 1.16 0.54–2.53 8 1.36 0.66–2.80 10 1.19 0.62–2.26
Field peas 5 0.81 0.33–1.99 5 0.77 0.32–1.89 5 1.23 0.49–3.06 4 0.97 0.36–2.64 5 0.83 0.34–2.04
Beets 18 0.97 0.59–1.58 18 0.94 0.58–1.53 18 1.04 0.63–1.72 16 1.24 0.73–2.09 17 0.93 0.57–1.54
Meadows 63 1.54 1.14–2.08 63 1.49 1.10–2.01 53 1.49 1.07–2.07 45 1.57 1.10–2.23 60 1.48 1.09–2.01
Potatoes 40 1.47 1.03–2.10 40 1.44 1.01–2.06 30 1.14 0.76–1.72 32 1.64 1.10–2.45 40 1.50 1.05–2.14

Pesticides on other crops
Vineyards 60 1.18 0.87–1.60 60 1.15 0.85–1.56 48 1.06 0.75–1.49 45 1.20 0.84–1.70 57 1.14 0.83–1.55
Fruit growing 25 1.46 0.95–2.25 25 1.43 0.93–2.19 18 1.28 0.76–2.13 19 1.50 0.92–2.46 13 1.43 0.92–2.21
Tobacco 15 1.37 0.80–2.34 15 1.34 0.79–2.29 12 1.23 0.67–2.25 12 1.50 0.83–2.74 15 1.39 0.81–2.36

Women
Work on a farm 495 1.58 0.94–2.66 – – 434 1.16 0.66–2.07 380 1.43 1.02–2.00 484 1.57 0.93–2.63
Use of pesticide in any job 75 1.42 1.10–1.85 75 1.41 1.08–1.84 68 1.37 1.04–1.81 54 1.27 0.94–1.72 71 1.42 1.09–1.85
Insecticides on livestock

Cattle 44 0.90 0.65–1.23 44 0.89 0.64–1.22 41 0.96 0.69–1.34 34 0.92 0.64–1.32 44 0.93 0.67–1.28
Sheep 8 0.90 0.44–1.84 8 0.89 0.43–1.83 7 0.84 0.39–1.83 4 0.57 0.21–1.55 8 0.95 0.46–1.96
Pigs 20 0.94 0.59–1.49 20 0.93 0.58–1.48 18 0.80 0.49–1.31 17 1.04 0.63–1.72 20 0.99 0.62–1.57
Horses 15 1.34 0.79–2.29 15 1.34 0.78–2.28 13 1.08 0.60–1.91 10 1.15 0.60–2.20 15 1.42 0.83–2.44
Poultry 53 1.42 1.05–1.91 53 1.40 1.04–1.89 48 1.32 0.97–1.82 38 1.31 0.93–1.86 52 1.45 1.07–1.96

Pesticides on open field crops
Wheat/barley 20 1.72 1.08–2.76 20 1.71 1.07–2.74 16 1.35 0.80–2.28 14 1.53 0.87–2.66 20 1.85 1.15–2.96
Corn 13 2.07 1.16–3.69 13 2.06 1.16–3.67 11 1.99 1.05–3.76 11 2.34 1.25–4.39 13 2.15 1.20–3.83
Rapeseed 3 1.98 0.61–6.35 3 1.96 0.61–6.30 2 * * 2 * * 3 2.03 0.63–6.55
Sunflower 3 2.43 0.74–7.93 3 2.41 0.74–7.88 3 2.45 0.73–8.27 2 * * 3 2.43 0.74–7.99
Field peas 3 2.03 0.61–6.78 3 2.02 0.60–6.74 3 2.19 0.65–7.42 3 2.71 0.81–9.14 3 2.30 0.69–7.64
Beets 5 1.09 0.44–2.70 5 1.08 0.42–2.67 4 0.85 0.31–2.35 3 0.85 0.27–2.70 5 1.17 0.47–2.91
Meadows 32 1.03 0.71–1.49 32 1.02 0.70–1.48 28 0.93 0.63–1.39 24 0.98 0.64–1.51 32 1.05 0.72–1.53
Potatoes 24 1.60 1.04–2.46 24 1.58 1.03–2.44 23 1.39 0.89–2.17 20 1.74 1.08–2.79 24 1.72 1.11–2.65

Pesticides on other crops
Vineyards 24 1.37 0.89–2.11 24 1.36 0.88–2.09 20 1.13 0.71–1.81 16 1.16 0.69–1.95 24 1.45 0.94–2.23
Fruit growing 13 1.93 1.08–3.45 13 1.90 1.07–3.41 8 1.47 0.70–3.09 8 1.52 0.73–3.14 13 2.10 1.17–3.77
Tobacco 13 1.30 0.74–2.31 13 1.29 0.73–2.29 11 1.10 0.59–2.06 7 0.91 0.42–1.95 12 1.30 0.72–2.36

a Adjusted for age, education, alcohol consumption, smoking and body mass index. Adjustment for smoking among women was not possible for rapeseed and fruit-
growing. The reference group consisted of non-agricultural participants (except for comparisons within farmers).
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an increase in some organochlorine levels in patients 
in Delhi (70 cases and 75 controls) but without risk 
estimates (36). 

Only four prospective cohorts have investigated the 
association between pesticides and Alzheimer's disease, 
but all have found positive associations, with the risk 
more than doubling in three of them. All were based 
on clinical diagnosis, but the number of patients was 
limited (N=36–399). Two have used detailed informa-
tion on jobs with details of pesticide exposure (37, 38) 
while the two others have questioned the link with agri-
culture (39) or pesticide groups (38, 40). Based on 36 
cases, the Canadian study (38) found a doubling in risk 
for farmers [risk ratio (RR) 2.59, 95% CI 1.05–5.6] and 
observed a quadrupling in the risk for people reporting 
the use of fumigants or defoliants (RR 4.35, 95% CI 
1.05–17.90). Ten years later, the same cohort was ana-
lyzed for the association between the disease (N=399) 
and the plasmatic levels of organochlorines, but no clear 
associations were found (40, 41). In France, a cohort 
of 1507 elderly people, identifying 96 incident cases, 
combined job histories with a job-exposure matrix and 
found that male farmers were twice as much at risk 
of developing Alzheimer's disease (OR 2.4, 95% CI 
1.0–5.6) while no increase in risk was identified among 
women (37). In Utah (USA), within an agricultural 
community (N=3084) where 344 patients were diag-
nosed with Alzheimer's disease, an increased risk was 
observed globally in those using pesticides (RR 1.42, 
95% CI 1.06–1.91) and for use of organophosphates or 
organochlorines separately (38).

Our results are consistent with other studies but not 
easily comparable as none of them explored specific 
crops or livestock. Considering the three cohorts with 
positive results, they covered a diversity of contexts. 
In Canada, most participants were living in urban set-
tings and, for those in rural places, the most probable 
crops were forests, cereals and canola (42). In Utah, the 
most prevalent crops were alfalfa and cereal (43). In 
France, the main crop was grapes. None of these stud-
ies explored the link with livestock, although raising 
livestock is an important industry in Utah (cattle and 
sheep), Canada (cattle, pigs and poultry) and in France 
(see AGRICAN data). Uses on animals are frequently 
omitted when assessing pesticide exposures because 
of a biased representation of these products, according 
to which they are good for animal health. However, in 
our study, associations were found with insecticide use 
on animals. This result is in line with those observed 
among British sheep farmers, who had handled or were 
poisoned by pesticides and had an increased risk of 
dementia (OR 6.94, 95% CI 3.44–14.0) (44).

The link with pesticide use on animals would tend to 
point towards the group of insecticides, but due to asso-
ciations with a number of crops, we cannot exclude the 

role of other molecules such as herbicides or fungicides.
The present results should also be compared with 

those studies that have focused on chronic cognitive 
disorders identified in farmers for repeated pesticide 
exposures. More than 50 studies have showed a consis-
tent association between pesticide exposure (especially 
organophosphates) and cognitive disorders (45–49). 
As cognitive disorders are frequently the first event in 
Alzheimer's disease, these results raise the concern that 
the impact of pesticides on cognitive function could be 
predictive for the development of Alzheimer's disease 
(50). Toxicological data also support our results, show-
ing that several mechanisms could explain the occur-
rence of the disease such as neuronal degeneration, 
oxidative stress and mitochondrial dysfunction of role 
in amyloid beta accumulation (51–53).

Concluding remarks

Few studies have been conducted on the role of pesti-
cides in the occurrence of Alzheimer's disease, but it 
is specific interest for several reasons: (i) Alzheimer's 
disease is a major public health concern in our aging 
societies, and we have very little information on its 
environmental etiology; (ii) even if data are scarce, the 
existing studies have found consistent positive associa-
tions as far as they have been conducted with accurate 
information on the disease, exposure assessment and 
covariates; (iii) several studies have shown associations 
between cognitive impairment and pesticide exposure 
and these outcomes are predictive of Alzheimer's dis-
ease. This study brings new results and demonstrates 
that refining exposure parameters is of interest, includ-
ing examining the context in which pesticides are used 
and considering men and women separately.
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