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Summary
Background Although depression is a major issue among farming population, to date, there have been few studies on
specific agricultural activities. We aimed to investigate whether, among the entire French farm manager (FM)
workforce, certain agricultural activities are more strongly associated with depression than others.

Methods This nationwide retrospective cohort study used data from an administrative health database available to the
TRACTOR project. This database pertains to the entire French agricultural workforce (overseas workers not
included). Data were analyzed from January 2021 to December 2022. All FMs that worked at least once over the
period 2002–2016 were included. The outcome measure was the association between 26 agricultural activities and the
risk of depression measured as hazard ratios (HRs) after adjusting for age, sex, and pre-existing medical
comorbidities. The time to first depression insurance declaration, or first antidepressant prescription claim was
used as the underlying timescale. For each activity, the reference/control group included all FMs that never
performed the considered activity between 2002 and 2016, while the exposed group included FMs that performed
the considered activity at least once from 2002 to 2016. Four sensitivity analyses were conducted to test
hypotheses, and to address potential sources of bias.

Findings There were 84,507 (7.76%; 28.2 cases per 1000 person-years) depression cases among 1,088,561 FMs (mean
age 46.6 [SD 14.1]). Compared to other activities, dairy farming (HR = 1.37, 95% confidence interval: 1.32–1.42), cow
farming (HR = 1.53 [1.47–1.59]), poultry and rabbit farming (HR = 1.37 [1.27–1.50]), and mixed farming (HR = 1.30
[1.24–1.36]) were more strongly associated with depression. Sex differences were observed, with most of the time,
risks higher for females than for males.

Interpretation Agricultural activities at risk of depression among the entire French agricultural workforce were identified.
These findings do represent a crucial first step on the road to implement effective preventive measures against depression
to determine where additional resources should be allocated to screen for depression, along with intervention.

Funding MIAI@Grenoble Alpes, and Mutualité Sociale Agricole.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
Abbreviations: 95% CI, 95% confidence interval; ATC, Anatomical Therapeutic Chemical Classification System; ATD, antidepressant; CNIL, French
independent administrative authority protecting privacy and personal data; HR, hazard ratio; FM, farm manager; ICD-10, 10th revision of the In-
ternational Statistical Classification of Diseases and Related Health Problems; IQR, interquartile range; JEM, job exposure matrix; LTI, long-term
illness; MSA, National Health Insurance Fund for Agricultural Workers and Farmers; SA, sensitivity analysis; SD, arithmetic standard deviation; SSRI,
selective serotonin reuptake inhibitor; STROBE, Strengthening the Reporting of Observational Studies in Epidemiology; TRACTOR, Tracking and
monitoring occupational risks in agriculture; UK, United Kingdom; US, United States of America; VIF, variance inflation factor
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Research in context

Evidence before this study
PubMed was searched on December 15, 2022, with no
restrictions on language or publication date, using the
following search strategy: “depression AND (agriculture OR
farm OR farming) AND (work OR occupation OR activity OR
task)”. Most studies that investigated the risk of depression
among the farming population were often limited in size and
scope and examined either the risk of depression for overall
agriculture or for few specific activities, mainly dairy and crop
farming. In France, only two case–control studies and two
longitudinal cohorts were identified, which pertained to less
than 2200 farmers. Further longitudinal research involving
entire population samples is needed. Administrative data are
increasingly used to conduct research on depression and
inform health services, and health policy. No study using
nationwide administrative health data to examine the risk of
depression in farmer was found.

Added value of this study
To the best of our knowledge, this is the first study using data
from insurance health databases pertaining to the entire

French farm manager population (overseas workers not
included) that investigated the associations between 26
agricultural activities and depression, overall, and by sex
category. Increased risks of depression were observed for
several activities. Cow farming, poultry and rabbit farming,
dairy farming, and mixed farming were the activities the most
at risk of depression within the farm manager population.

Implications of all the available evidence
Depression surveillance using administrative health data is an
alternative and a complementary approach to traditional
cohort studies, which can be more resource-intensive.
Findings from this study will be of interest to policy makers
and public health practitioners because they can help to
determine potential agricultural activities for which further
studies could be needed. Additional works are required to
identify risk factors, and to determine whether there is a need
to implement a universal public health surveillance in the
French farm manager population, along with precision
interventions in specific activities.
Introduction
Farmers are an understudied population for which
mental health issues is a public health concern.1–3

Farmers have to deal with many factors outside their
control, such as weather condition, government regu-
lation, and market volatility.3,4 In addition to these fac-
tors, physical demands and economic woes intertwine
with a personal responsibility for land that often is
passed down through generations. These factors repre-
sent some of the major stressors that can lead to mental
health issues such as depression.

Depression is one of the most common mental dis-
orders, affecting around 280 million people worldwide,
and accounting for more than 47 million disability-
adjusted life years in 2019.5 Depression presents the
largest mental health disease burden in higher-income
countries, and is the second leading cause of life years
spent with disability, contributing to a significant loss of
productivity.6–10

Different types of agriculture (e.g., animal husbandry,
crop farming) may be associated with differing work-
related characteristics, which could potentially relate to
depression. Sex differences could also exist.3 Identifying
specific and common/shared risk factors between agri-
cultural practices, overall and by sex category, is para-
mount for implementing effective preventive measures,
and essential for reducing the burden of depression.4

However, despite a large number of studies
investigating depression among farmers worldwide,1,8,11–13

most studies are often limited in size and scope, do not
usually describe specific farming subpopulation other
than migrant workers, and do not usually investigate sex
differences.1,3 In addition, existing works also examined
either the risk of depression for overall agriculture or for
few specific activities, and are mostly cross-sectional
studies.1,3 In France, only two case–control studies and
two longitudinal cohorts pertaining to less than 2200
farmers, and to restricted geographical areas were
conducted.14–17 None of these four studies investigated the
risk of depression related to specific agricultural activities.
Further longitudinal research involving entire population
samples is needed. Administrative data are increasingly
used to conduct research on depression and inform
health services, and health policy.7

This study investigates whether, among the entire
French farm manager (FM) population, certain agri-
cultural activities are more strongly associated with
depression than other activities, overall and by sex
category.
Methods
Data source, and study population
All FMs within the TRACTOR project, including farm
or company managers, owners, and self-employed per-
sons, living and working in mainland France (urban and
www.thelancet.com Vol 31 August, 2023
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rural areas) were included in this study if they worked at
least one year from 2002 to 2016. The TRACTOR proj-
ect, and the study population were described previ-
ously.18 Briefly, sociodemographic characteristics are
routinely collected each year by Mutualité Sociale Agri-
cole (MSA) from forms that are filled by FMs during
their yearly insurance affiliation. Each occupational ac-
tivity is then coded by MSA according to an internal
thesaurus referring to 26 different agricultural activities
(Table S1). These activities refer to the main activity in
terms of effective working time during a year. Health
data from 2012 to 2016 were used as follow-up period,
with January 1st 2012 as the baseline time point (i.e.,
time zero), and December 31st 2016 as the follow-up
end. Health data pertained to drug prescription, and to
chronic diseases/long-term illnesses (LTIs) for which
FMs are entitled to fee exemption, and the full coverage
of health care expenditures. There was no missing data
regarding the variables of interest for this study.

Data were obtained and managed from October 2018
to December 2020,18 and analyzed from January 2021 to
December 2022. Administrative health data were not
available after 2016. The French independent adminis-
trative authority protecting privacy and personal data
approved this study. All methods were performed in
accordance with the relevant guidelines and regulations.
As MSA provided data after encryption to protect private
information, the need for informed consent was waived.
This study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE)
reporting guideline (available in the supplementary
material).

Choice of primary measure
A review suggested that the best algorithm to identify
depression cases using administrative data consists in
including both international classification of disease
codes, and antidepressant (ATD) prescriptions.10 We
followed this approach by identifying depression cases
using both ICD-10 codes (10th revision of the Interna-
tional Statistical Classification of Diseases and Related
Health Problems), and ATC codes (Anatomical Thera-
peutic Chemical Classification System) related to
depression. ICD-10 codes F32 (“Depressive episode”)
and F33 (“Major depressive disorder, recurrent”) from
LTIs, as well as all ATC codes related to all types of ATD
prescriptions (N06A) were used as a proxy for the
treatment of depression and depressive symptoms.

To the authors’ knowledge, there is no gold standard
regarding the number of prescriptions to use for iden-
tifying depression cases.10,19 Therefore, we considered 13
algorithms: at least one LTI declaration for depression
(F32 or F33), and from one to 12 ATD prescriptions. For
these analyses, we considered that depression cases
could be work-related only among FMs that had a
depression insurance declaration (LTI), or ATD pre-
scription claim after the start of their activity, but no
www.thelancet.com Vol 31 August, 2023
more than two years after the end of their activity
(Fig. S1).

Statistical analysis
To determine whether certain agricultural activities are
more strongly associated with depression than other
activities, hazard ratios (HRs) and 95% confidence in-
tervals were estimated using Cox proportional hazards
model, with time to first depression insurance declara-
tion, or ATD drug prescription as the underlying time-
scale. The dependent variables of the model were the
timescale (continuous), and the depression diagnosis
(two categories: yes or no). One model was created for
each activity. The assumption of proportional hazard
rate were checked for each model by verifying the in-
dependence of scaled Schoenfeld’s residuals and time.
The median follow-up was estimated using the Kaplan–
Meier reverse approach.

As we did not have access to the general population
nor to other occupational sectors such as banking or
administration, the reference/control group included
all FMs who did not carry out the activity of interest,
while the exposed group included all FMs that per-
formed the activity of interest. For instance, for crop
farmers, the reference group included all FMs that
never farmed crops between 2002 and 2016, while the
exposed group included FMs that were crop farmers at
least once from 2002 to 2016. For dairy farming, the
reference group included all FMs that were never dairy
farmers between 2002 and 2016, while the exposed
group included FMs that were dairy farmers at least
once from 2002 to 2016.

Some FMs performed more than one activity over
the duration of the study (e.g., pig farmers between 2002
and 2008, and then poultry farmers between 2009 and
2016), which lead to the existence of overlap in farming
activities. As a result, 26 separate models (one for each
activity) had to be created. Depression risks were esti-
mated according to each of the 26 activities when there
were at least three exposed cases. For each activity, 13
analyses (one for each algorithm) were conducted. An
aggregated/consensual risk estimate (HR) was then
calculated based on a linear combination of HR risk
distributions that were obtained from one to 13 algo-
rithms depending on the number of exposed cases
available. The construction of the aggregated risk esti-
mate was based on the weighted linear aggregation
(arithmetic mean) of the probability risk distribution
(i.e., HR distribution) generated using a given risk es-
timate (HR). The weights were calculated using the
degree of agreement among the risk estimate-based risk
distributions.20 Results for the consensual risk estimates
are presented in the main text and results for each al-
gorithm, and all sensitivity analyses are available in the
supplementary material (Tables S2–S7). All analyses
were adjusted for age, sex (only when considering both
sexes), first year of the farm’s establishment, number of
3
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Dependent variable Modality Analysis

Depression diagnosis (LTI declaration or ATD prescription) 2 categories: yes or no MA, SA1, SA2, SA3, SA4

Time to first depression insurance declaration, or ATD drug prescription continuous MA, SA1, SA2, SA3, SA4

Independent variables – covariates always included

Activity 2 categories: yes or no MA, SA1, SA2, SA3, SA4

Number of years performing the considered activity continuous MA, SA1, SA2, SA3, SA4

First year of the farm’s establishment continuous MA, SA1, SA2, SA3, SA4

Sexa 2 categories: female or male MA, SA1, SA2, SA3, SA4

Age continuous MA, SA1, SA2, SA3, SA4

Number of pre-existing medical comorbidities continuous MA, SA2, SA3, SA4

Independent variables – potential covariates selected based on VIF

Family status 2 categories: single or as a couple SA3

Median farm surface continuous SA3

Farm location 96 categories: administrative departments SA3

Number of farms 2 categories: 1 farm or > 1 farm SA3

Farm type (farm clustering) 2 categories: individual farm or farm with work partners SA3

Partner work status 2 categories: do not perform task to help farm manager or perform task to
help farm manager

SA3

Number of associates 2 categories: 0 or ≥ 1 SA3

Secondary activity 2 categories: no secondary activity or at least one secondary activity SA3

Lack of job security 2 categories: has never been unemployed during the observation period or
has been unemployed during the observation period

SA3

Median insurance premium continuous SA3

Employees 2 categories: no employee or at least one employee SA3

Pre-existing disability 2 categories: did not become disabled before the disease of interest
declaration or became disabled before the disease of interest declaration

SA3

Working years 15 categories: 2002, 2003 … 2016 SA3

Note: MA: main analysis, SA1: first sensitivity analysis, SA2: second sensitivity analysis, SA3: third sensitivity analysis, SA4: fourth sensitivity analysis, VIF: variance inflation factor. aThe analysis was adjusted
on sex only for “both sexes”; otherwise, the sex was used to conduct subgroup analyses.

Table 1: List of variables considered in the analyses.
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working years, and number of pre-existing medical
comorbidities (Table 1). Pre-existing medical comor-
bidities were defined as the number of LTIs (e.g.,
baseline/pre-existing levels of mental disorders, chronic
diseases such as diabetes, cancers) that were declared
before the first LTI declaration for depression, or the
first ATD prescription. As sex is a risk factor for
depression, interaction tests were conducted to statisti-
cally evaluate sex differences by adding interaction
terms in the model. Sex specific analyses (subgroup
analyses), with one separate model for each sex, were
also conducted to determine sex-specific risk estimates.
The Benjamini-Hochberg approach was used to account
for multiple testing.

Four sensitivity analyses were conducted to test hy-
potheses, and to address potential sources of bias. Since
pre-existing medical comorbidities could be on the
causal pathway from exposure to outcome and cause
bias in adjustments, a sensitivity analysis excluding
these confounders was performed (SA1). To assess po-
tential bias resulting from not considering depression as
potentially work-related if the diagnosis occurred more
than two years after the end of an activity, a sensitivity
analysis (SA2) that considered that all depression cases
could be work-related, regardless of the date of diagnosis
(Fig. S1), was conducted. The third sensitivity analysis
(SA3) adjusted on the same covariates than the main
analysis in addition to all other potential cofounders
available (e.g., secondary activities, farm surface, family
status), that were selected based on the variance infla-
tion factor (VIF) (VIF≤ 2.5) to remove collinear vari-
ables. To strengthen the assumption that only mental
health problems were included, a sensitivity analysis
(SA4) was restricted to selective serotonin reuptake in-
hibitors (SSRIs) (Table 1).

All statistical analyses were performed using R soft-
ware 4.1.2® (R Core Team, Vienna, Austria) for Win-
dows 10©.

Role of the funding source
This work was partially supported by MIAI@Grenoble
Alpes [ANR-19-P3IA-0003, 2019], and was supported
within the STOP project (Searching and Tracking
Occupational factors to Prevent suicide in agriculture)
by MSA [MSA-2020-STOP, 2020]. The funding sour-
ces had no role in the study design and conduct of the
study; in the collection, management, analysis, and
interpretation of data; in the writing of the report;
preparation, review, or approval of the article; or in the
decision to submit the paper for publication. The
www.thelancet.com Vol 31 August, 2023
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authors were not precluded from accessing data in the
study, and all authors took final responsibility in the
decision to submit for publication.
Results
Population characteristics
Baseline characteristics of the study population are
presented in Table 2. Among the 1,088,561 FMs
available to TRACTOR over the period 2002–2016,
84,507 cases (7.76%) were identified during the follow-
up period. The median follow-up was 1460 (1096;
1825) days. Overall, there were 2,995,264 person-years,
with 794,862 person-years for female, and 2,200,402
person-years for male, respectively. There were 28.2
[28.0–28.4] cases per 1000 person-years, with 46.6
[46.1–47.1] cases per 1000 person-years for female,
and 21.6 [21.4–21.8] cases per 1000 person-years for
male, respectively. The proportion of female was
higher for FMs with a depression than without (44%
vs. 30%). Overall, FMs with a depression were older
than FMs without a depression (49.1 [SD 13.4] years
old vs. 46.4 [SD 14.2]), established their farm in earlier
time periods, were more often in a couple (64% vs.
56%), had more often employees (33% vs. 27%), had
bigger farm surfaces, paid higher insurance pre-
miums, had a higher number of pre-existing medical
comorbidities (42% vs. 24%), and performed less often
a secondary activity (17% vs. 39%). No information on
sibship/siblings, or couples was available.

Most depression cases were identified with ATD
prescription claims (Fig. S2). From 2012 to 2016,
there were 83,592 FMs that had at least one ATD
prescription, 5072 FMs with a LTI for depression,
including 915 (18%) that had no ATD prescription.
Nearly one-fourth (24.6%) had only one ATD pre-
scription, while 28% had at least 12 ATD pre-
scriptions, which means they were under ATD
treatment for more than 12 months. Most FMs
(64.6%) had a depression insurance declaration, or
ATD prescription claim between 2012, and no more
than two years after the end of their activity (Fig. S3).
Most ATDs prescribed were SSRIs (64.6%) (Fig. S4).
Most FMs were prescribed with only one ATD agent
(74.5%), while 17.5% were prescribed with two, and
8% with more than two (Fig. S5).

Depression risk associated with agricultural
activities
For all models, the assumption of proportional hazard
rate was met for each covariate. Associations varied by
sex and types of crops, and animal farming (Table 3,
Table S3). Table S3 presents the results of the interac-
tion tests conducted to assess sex differences. For other
tables (Table 3, and Tables S4–S7), results for both sexes
(analysis adjusted on sex) along with subgroup results
(one separate model for each sex) are presented.
www.thelancet.com Vol 31 August, 2023
For both sexes, compared to other agricultural ac-
tivities, increased risks of depression were found for all
activities involving cattle, for poultry and rabbit farming
(HR = 1.37 [1.27–1.50]), unspecified large animal
farming (HR = 1.96 [1.53–2.53]), unspecified and mixed
farming (HR = 1.30 [1.24–1.36]), and gardening, land-
scaping and reforestation companies (HR = 1.30
[1.19–1.43]) (Table 3). Sex differences were found for 12
out of 26 activities (Table S3), with risks higher for fe-
males than males, with the exception of crop farming,
unspecified small animal farming, unspecified and
mixed farming, training, dressage, riding clubs, and
gardening, landscaping and reforestation companies.

Regarding females, pig farming (HR = 1.49
[1.26–1.77]), wood production (HR = 2.13 [1.18–3.87]),
and stationary sawmill (HR = 3.27 [1.31–8.43]) were
found with increased risk of depression, while crop
farming (HR = 0.88 [0.83–0.93]), and unspecified small
animal farming (HR = 0.58 [0.47–0.72]) were found with
decreased risks compared to other agricultural activities.

Regarding males, increased risks of depression were
observed for viticulture (HR = 1.12 [1.06–1.19]), un-
specified specialized farming (HR = 1.42 [1.11–1.83]),
and shellfish farming (HR = 1.65 [1.20–2.30]). By
contrast, rural craftsperson (HR = 0.03 [0.01–0.08]) were
found with decreased risk of depression, but the num-
ber of exposed cases was low.

SA1, which did not adjust on pre-existing medical
comorbidities, yielded similar results than the main
analysis (Table S4). The only exception was observed for
fruit arboriculture that was found with decreased risks
in females. There were ten activities with sex differ-
ences, with three (crop farming, unspecified small ani-
mal farming, and salt works/salt evaporation pond) for
which risks were higher for males than females
(Table S3).

SA2, which considered that depression could be
work-related regardless of its time of diagnosis after the
start of an activity (Fig. S1), yielded mostly similar re-
sults than the main analysis (Table S5). There were 16
activities that exhibited sex differences, with most of the
time (n = 10), risks higher for females than for males.
Contrary to the main analysis, SA2 yielded increased
risks in males for crop farming, pig farming, and
company representatives, as well as decreased risks in
males for activities involving horses. There were also no
increased risks observed for females in wood produc-
tion, stationary sawmill, and unspecified small animal
farming, and for males in shellfish farming, mixed
farming, unspecified large animal farming, and un-
specified specialized farming.

SA3, which adjusted on the same covariates than the
main analysis in addition to all other potential co-
founders available (Table 1), yielded similar results than
the main analysis (Table S6). The only exceptions were
observed for truck farming that was found with
decreased risks in both females and males, and with
5
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Main characteristics FM without depression (n = 1,004,054) FM with depression (n = 84,507)

n (%) n (%)

Sex

Female 300,218 (30) 37,045 (44)

Male 703,836 (70) 47,462 (56)

Age (years)

Mean (SD) 46.4 (14.2) 49.1 (13.4)

Family status

Single 438,382 (44) 30,628 (36)

As a couple 565,672 (56) 53,879 (64)

First year of the farm’s establishment

Median (IQR) 1994 (17) 1992 (14)

Farm surface (expressed in hectares)

Median (IQR) 15.7 (4.4) 25.1 (5.5)

Farm location (region)

Auvergne-Rhône-Alpes 108,850 (10.8) 8578 (10.2)

Bourgogne-Franche-Comté 60,456 (6.0) 5408 (6.4)

Bretagne 74,719 (7.4) 6583 (7.8)

Centre - Val de Loire 45,569 (4.5) 4265 (5.1)

Corse 4949 (0.5) 377 (0.4)

Grand Est 75,520 (7.5) 6234 (7.4)

Hauts-de-France 44,472 (4.4) 3926 (4.7)

Île-de-France 12,955 (1.3) 1129 (1.3)

Normandie 73,899 (7.4) 6739 (8.0)

Nouvelle-Aquitaine 165,248 (16.5) 15,135 (17.9)

Occitanie 155,051 (15.4) 11,774 (13.9)

Provence-Alpes-Côte d’Azur 105,964 (10.6) 8089 (9.6)

Pays de la Loire 76,402 (7.6) 6270 (7.4)

Number of farms

1 farm/>1 farm 980,011 (98)/24,043 (2) 82,099 (97)/2408 (3)

Farm type (farm clustering)

Individual farm 700,989 (70) 55,599 (66)

Farm with work partners 303,065 (30) 28,908 (34)

Partner work status

Do not perform task to help farm manager 887,853 (88) 72,457 (86)

Perform task to help farm manager 116,201 (12) 12,050 (14)

Number of associates

0/≥ 1 774,790 (77)/229,264 (23) 61,442 (73)/23,065 (27)

Secondary activity

No secondary activity 616,535 (61) 70,055 (83)

At least one secondary activity 387,519 (39) 14,452 (17)

Lack of job security

Has never been unemployed during the observation period 1,002,149 (99.8) 84,294 (99.7)

Has been unemployed during the observation period 1905 (0.2) 213 (0.3)

Median yearly insurance premium (euros)

Median (IQR) 5064 (9987) 6126 (10,612)

Employees

No employee 733,262 (73) 56,882 (67)

At least one employee 270,792 (27) 27,625 (33)

Specialist consult

No 347,962 (35) 0 (0)

Yes 656,092 (65) 84,507 (100)

GP consult

No 362,178 (36) 222 (0.3)

Yes 641,876 (64) 84,285 (99.7)

(Table 2 continues on next page)
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Main characteristics FM without depression (n = 1,004,054) FM with depression (n = 84,507)

n (%) n (%)

(Continued from previous page)

Pre-existing disability

Did not become disabled before the disease of interest declaration 1,000,549 (99.6) 83,593 (99)

Became disabled before the disease of interest declaration 3505 (0.3) 914 (1)

Number of pre-existing comorbidities (LTI)

0 comorbidity before the disease of interest declaration 761,360 (76) 48,685 (58)

1 comorbidity before the disease of interest declaration 123,556 (12) 16,347 (19)

>1 comorbidity before the disease of interest declaration 119,138 (12) 19,475 (23)

Note: FM: farm manager, GP: general practitioner, IQR: interquartile range, LTI: long-term illness, SD: arithmetic standard deviation.

Table 2: Characteristics of the study population, TRACTOR project, France, 2002–2016.
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agricultural work companies that was found with
increased risk in females only. There were 12 activities
our of 26 that were found with sex differences, with
risks higher for females than for males, except for crop
farming, unspecified small animal farming, and salt
works/salt evaporation pond.

SA4, which was restricted to SSRIs, yielded similar
results than the main analysis (Table S7). The only ex-
ceptions were observed in males, with increased risks in
ovine and caprine farming, and stud farming, as well as
no increased risk for unspecified large animal farming.
There were eight activities that exhibited sex differences,
with risks higher for females than for males, with the
exception of salt works/salt evaporation pond, and un-
specified small animal farming.
Discussion
In this study pertaining to the entire French FM popu-
lation, certain agricultural activities were found to be
more strongly associated with depression than other
activities, overall and by sex category. The incidence of
depression was found to be two times higher in females
than males, as commonly reported in the literature.21 In
our study, there were 28.2 depression cases per 1000
person-years, which is higher than in other studies and
countries. Indeed, for depressive disorders, between
7.12 and 13.9 cases per 1000 person-years were found in
the Spanish and UK general populations,21,22 while 23
cases per 1000 person-years were reported in a nation-
wide Danish work cohort.23 For major depression, be-
tween 2.3 and 15.9 cases per 1000 person-years were
reported in the Swedish, Canadian, and US general
populations.24

Risk factors
The positive and negative associations that we found
are likely to involve many risk factors, and more than
one mechanism. Agricultural workers are affected in
their daily life by different factors and stressors that
could be harmful to their mental health, including but
www.thelancet.com Vol 31 August, 2023
not limited to: isolation,3,12 health care accessibility
and affordability,3,4,12,25 pesticide exposure,3,9,13,17,26

stress,3,13 quality and safety of food products,12 and
Farmer’s syndrome.9 FMs living together as a couple
had higher risk of depression than single FMs
(Table 2). Role conflict between farm and family
(overlap between work and family environments)
could potentially play a role in this observation.
Indeed, difficulty to separate the private and profes-
sional life (poor work-life balance), with sometimes
conflicting demands of work and family, the limited
possibilities for relaxation and holidays, the fact that
home and work are at the same location, and poor-
quality relationship are associated with stress and
depressive disorders in farmers.3,4,12 FMs with at least
one employee had higher risk of depression than
those with no employees. Several risk factors could
potentially play a role in this observation. FMs with
employees can experience interpersonal conflict, poor
cooperation, poor workplace relationships with their
employees, and can be subjected to higher financial
stress (e.g., entitlement to pay their employees) than
FMs with no employees, which were shown to be risk
factors for depression.3,4,12,27

Depression risks associated with agricultural
activities
Increases in the risk of depression were observed in
relation to several occupational agricultural activities
performed by French FMs, suggesting that part of the
risk could be attributable to occupational agricultural
activities. Several studies have examined agricultural
exposure and the risk of depression, by comparing most
of the time overall agriculture with the general popula-
tion.1 Only a few studies have investigated specific
agricultural activities, mainly in the US, Australia and
UK,1,3,4 using questionnaire data, and focusing on one
specific occupation, such as dairy farming,1,2,13 or on the
relation between pesticide exposures and the risk of
depression.11,12,17,26 In France, data are scare, with only
four studies that relied mainly on questionnaire data,
7
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Activity Both sexes (n = 1,088,561) Female (n = 337,263) Male (n = 751,298)

n (%) m
(range)

HR p p.adj n (%) m
(range)

HR p p.adj n (%) m
(range)

HR p p.adj

Truck farming, floriculture/flower-
growing

43,487 (3.99) 80; 1855 1.06
[0.98–1.14]

0.19 0.25 13,251 (3.93) 26; 728 1.10
[0.99–1.23]

0.14 0.17 30,236 (4.02) 54; 1127 1.04
[0.93–1.16]

0.57 0.82

Fruit arboriculture 25,001 (2.3) 51; 1027 0.99
[0.90–1.10]

0.73 0.96 7927 (2.35) 21; 405 0.87
[0.74–1.04]

0.15 0.20 17,074 (2.27) 30; 622 1.08
[0.94–1.23]

0.26 0.41

Garden center/tree nursery 5380 (0.49) 11; 282 1.30
[1.07–1.60]

0.05 0.06 1419 (0.42) 4; 95 1.35
[0.98–1.90]

0.13 0.15 3961 (0.53) 7; 187 1.28
[1.00–1.67]

0.09 0.12

Crop farming (e.g., wheat, corn, and
industrial grower)

316,926 (29.1) 547;
10,755

0.90
[0.87–0.93]

3.1e-4 3.4e-4 105,642 (31.3) 261;
4272

0.88
[0.83–0.93]

0.02 0.02 211,284 (28.1) 286;
6483

0.95
[0.91–0.99]

0.05 0.07

Viticulture 121,950 (11.2) 266;
6531

1.09
[1.05–1.13]

8.8e-4 9.1e-4 42,909 (12.7) 112;
2825

1.06
[1.00–1.12]

0.08 0.12 79,041 (10.5) 154;
3706

1.12
[1.06–1.19]

0.03 0.03

Sylviculture/forestry (e.g., thinning,
pruning)

2160 (0.2) 6; 80 1.42
[1.01–2.01]

0.07 0.09 359 (0.11) 4; 19 1.39
[0.75–2.60]

0.32 0.51 1801 (0.24) 2; 61 1.62
[1.09–2.41]

0.04 0.05

Unspecified specialized farming (e.g.,
herbs, mushrooms)

6615 (0.61) 22; 271 1.36
[1.14–1.63]

1.1e-3 1.4e-3 2408 (0.71) 11; 122 1.23
[0.95–1.60]

0.12 0.17 4207 (0.56) 11; 149 1.42
[1.11–1.83]

8.7e-3 0.01

Dairy farming 161,436 (14.8) 545;
9135

1.37
[1.32–1.42]

<0.0001 <0.0001 49,659 (14.7) 228;
3615

1.41
[1.33–1.48]

<0.0001 <0.0001 111,777 (14.9) 317;
5520

1.27
[1.21–1.33]

<0.0001 <0.0001

Cow farming 111,873 (10.3) 481;
6933

1.53
[1.47–1.59]

<0.0001 <0.0001 32,904 (9.76) 203;
2840

1.64
[1.56–1.74]

<0.0001 <0.0001 78,969 (10.5) 278;
4093

1.41
[1.34–1.49]

<0.0001 <0.0001

Both/mixed dairy and cow farming 31,070 (2.85) 98; 1834 1.21
[1.12–1.30]

7.0e-4 7.3e-4 8084 (2.4) 37; 646 1.31
[1.17–1.48]

3.3e-3 3.7e-3 22,986 (3.06) 61; 1188 1.10
[1.01–1.22]

0.05 0.08

Ovine and caprine farming 48,716 (4.48) 150;
2327

1.11
[1.04–1.18]

3.5e-3 4.1e-3 17,314 (5.13) 70;
1093

1.11
[1.02–1.22]

0.05 0.06 31,402 (4.18) 80; 1234 1.10
[1.01–1.20]

0.03 0.05

Pig farming 13,636 (1.25) 42; 845 1.27
[1.14–1.43]

6.2e-3 6.4e-3 3890 (1.15) 20; 345 1.49
[1.26–1.77]

7.6e-4 7.7e-4 9746 (1.3) 22; 500 1.12
[0.97–1.30]

0.16 0.22

Stud farming 17,164 (1.58) 33; 671 1.09
[0.95–1.25]

0.38 0.49 7408 (2.2) 20; 402 0.99
[0.83–1.18]

0.55 0.79 9756 (1.3) 13; 269 1.24
[1.00–1.54]

0.08 0.11

Training, dressage, riding clubs 14,874 (1.37) 19; 742 0.98
[0.84–1.15]

0.40 0.53 6619 (1.96) 9; 411 0.97
[0.80–1.18]

0.43 0.57 8255 (1.1) 10; 331 1.00
[0.79–1.27]

0.62 0.90

Unspecified large animal farming (e.g.,
ostrich, llama)

2997 (0.28) 5; 149 1.96
[1.53–2.53]

0.02 0.02 1437 (0.43) 3; 93 1.73
[1.27–2.42]

0.03 0.03 1560 (0.21) 2; 56 1.98
[1.32–2.98]

0.02 0.02

Poultry and rabbit farming 25,540 (2.35) 81; 1620 1.37
[1.27–1.50]

<0.0001 <0.0001 9995 (2.96) 39; 824 1.40
[1.25–1.57]

3.6e-3 3.8e-3 15,545 (2.07) 42; 796 1.35
[1.20–1.51]

4.0e-4 4.3e-4

Unspecified small animal farming (e.g.,
frogs, snails, bees)

19,896 (1.83) 31; 614 0.87
[0.75–1.00]

0.08 0.09 8596 (2.55) 10; 277 0.58
[0.47–0.72]

3.7e-3 4.1e-3 11,300 (1.5) 21; 337 1.21
[1.02–1.44]

0.03 0.05

Shellfish farming (e.g., oyster farming,
scallop aquaculture)

3795 (0.35) 7; 159 1.40
[1.08–1.84]

0.04 0.05 725 (0.22) 2; 45 1.31
[0.86–2.01]

0.25 0.37 3070 (0.41) 5; 114 1.65
[1.20–2.30]

0.02 0.02

Unspecified and mixed farming (e.g.,
polyculture, mixed farming, diversified
farming)

127,900 (11.7) 346;
6690

1.30
[1.24–1.36]

<0.0001 <0.0001 39,338 (11.7) 144;
2679

1.35
[1.26–1.44]

<0.0001 <0.0001 88,562 (11.8) 202;
4011

1.21
[1.14–1.28]

1.3e-4 1.3e-4

Salt works/salt evaporation pond 974 (0.09) 2; 40 0.92
[0.57–1.50]

0.74 0.96 221 (22.7) 0; 3 0.37
[0.15–0.96]

0.04 0.05 753 (0.1) 2; 34 1.40
[0.85–2.34]

0.20 0.32

Wood production (e.g., lopping) 11,385 (1.05) 13; 504 1.13
[0.95–1.34]

0.19 0.26 297 (0.09) 0; 22 2.13
[1.18–3.87]

0.02 0.03 11,088 (1.48) 13; 482 1.17
[0.98–1.42]

0.13 0.16

Stationary sawmill (e.g., edging,
trimming, decking, debarking)

787 (0.07) 3; 45 1.59
[1.00–2.65]

0.14 0.17 52 (0.02) 0; 52 3.27
[1.31–8.43]

0.03 0.04 735 (0.1) 3; 37 1.45
[0.87–2.47]

0.26 0.33

Agricultural work companies (e.g.,
pesticide applications, harvest reaping)

15,557 (1.43) 20; 656 1.19
[1.02–1.38]

0.09 0.11 1866 (0.55) 3; 107 1.40
[1.03–1.94]

0.07 0.08 13,691 (1.82) 17; 549 1.18
[1.00–1.41]

0.15 0.17

Gardening, landscaping and
reforestation companies

48,878 (4.49) 76; 2309 1.30
[1.19–1.43]

0.01 0.01 2531 (0.75) 9; 169 1.62
[1.25–2.12]

7.4e-3 8.3e-3 46,347 (6.17) 67; 2140 1.49
[1.36–1.63]

2.2e-3 2.5e-3

(Table 3 continues on next page)
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pertain to a limited geographical area, and to less than
2200 individuals.14–17

Pesticide use
Regarding the association between depression and
pesticide use, several studies, with up to 21,208 pesticide
applicators, found increased risks of depression, in
particular among farmers applying herbicides,17,26,28,29

organophosphate and organochlorine insecticides,3,26,28–30

or fumigants.26,28,29 Most studies are from the Agricul-
tural Health Study in the US, where a history of pesticide
poisoning as well as high cumulative exposure to pesti-
cides were associated with depression.1,13,26,28,29 We found
a 10% excess risk of depression for male winegrowers,
but not in other activities involving a frequent or high
pesticide use such as arboriculture, or crop farming. We
did not study depression risks related to specific pesticide
compounds since these data were not collected by MSA.
Regarding viticulture, besides potential pesticide expo-
sure, other risk factors and stressors could play a role in
the positive associations observed, such as weather con-
ditions (e.g., drought), quality and safety of food products,
time pressure, or plant and fruit diseases (e.g.,
mildew).3,13

Animal husbandry
The highest depression risks were found in our work for
animal farming, with the exception of activities
involving horses. A Norwegian study reported that male
animal producers (n = 82) had the highest depression
level among several farmer groups (n = 917 farmers).31

Most available data pertaining to animal farmers relate
to dairy farmers.2,11,12,14,32 These studies, which includes
between 30 and 985 dairy farmers, reported increased
risks of depression in dairy farmers, as we observed.
Many factors were proposed to explain the increased
risks, such as disease outbreaks, economic crisis, taxes
related to dairy production, quality and safety of food
products, time pressure, and limited possibilities for
relaxation and holidays.12 For instance, a study reported
that among 661 Dutch dairy farmers experiencing ani-
mal culling from disease crisis, half of them suffered
from severe post-traumatic distress.25 In our study, we
found an increased risk in male cow famers compared
to other agricultural activities. Cow farmers shared
some risk factors with dairy farmers. Only one UK study
examined the risk of depression in cow farmers, and in
particular the impact of the beef crisis of 1996.33 This
case–control study, conducted in 1996 several months
after the beef crisis, reported that the crisis had no effect
on the risk of depression of cattle farmers (n = 106), but
concluded that a longer period may be required to assess
a potential impact on mental health. Other animal
farming, in particular pig, poultry and rabbit farming
shared some of the aforementioned risk factors, which
could potentially explained the increased risks we
observed. One Swedish study reported increased risk of
9
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depression for pig farmers (n = 30),11 but we found no
study reported an increased risk for poultry and rabbit
farmers.

Other activities
Gardening, landscaping and reforestation companies
are intensive jobs that involve a high degree of risk, in
particular in chainsaw and skidder operators, climbing
on trees, which was shown to lead to symptoms like
anxiety, nervousness and lack of sleep,34 and could
potentially play a role in the increased risk of depression
we found.

Sex differences
Sex differences were found for several agricultural ac-
tivities (Table S3), suggesting that differences between
females and males regarding occupational exposure,
working tasks, behaviors, and risk factors existed, as
already pointed out by several studies.3,13,35,36 A Japanese
study including 273 dairy farmers showed that depres-
sion was associated with different occupational factors
depending on sex.35 For instance, they reported that
worries about one’s financial situation, future of own
farm, health status of livestock, and negative effects of
work overload on own health were associated with
depression in female. By contrast, concerns about the
harmful effects of pesticides on health, and the
balancing of family roles and work roles were related to
depression in male. In our work, while most depression
risks were higher in females than males, a few associ-
ations were stronger in males than females, which is
unusual for depression.3

Strengths and limitations of this work
Strengths of the study include a large nationwide
population-based cohort from administrative data, with
many exposed cases and completeness of available data
(more than one million farmers for this study vs.
<10,000 in the literature). While administrative data are
increasingly used to conduct research on depression
and inform health services and health policy,7 to the
authors’ knowledge, this is the first study using data
from insurance health databases pertaining to the entire
French FM population.

Only persons under medical care can be identified
with administrative health data, but less than one-third
of depression diagnosis are recorded by physicians,6

which likely reduce the identification of depression in
health records. We identified depression cases using
ICD-10 codes and ATD prescriptions, which is not
comparable to the real illness incidences, and could
misestimate risk estimation. A review suggested that the
best algorithm consists in including both ICD codes,
and ATD prescriptions.10 However, regarding ICD-10
codes, their accuracy can vary depending on coding
practices.7 Even though ATDs are predominantly used
for the treatment of depressive disorders, they can be
used to treat other diseases, including anxiety disorders,
insomnia, and pain.19 ATD prescription also depends on
the severity and form of depression, and is not neces-
sarily the first line treatment, especially for mild forms
of depression.19 Indications for the ATD prescriptions
were not available. Therefore, data illustrates ATD pre-
scriptions in a collective of insured patients, but it does
not necessarily relate to ATD prescriptions in diagnosed
patients with depression. Most ATDs prescribed were
SSRIs, which is the most used ATD class for mental
health problems.19 The sensitivity analysis restricted to
SSRIs yielded similar results than the main analysis,
which strengthen the assumption that only mental
health problems were included. Because pre-existing
medical comorbidities could be on the causal pathway
from exposure to outcome and cause bias in adjust-
ments, a sensitivity analysis excluding these con-
founders was performed. This sensitivity analysis
yielded similar results than the main analysis, which
indicates that adjusting on pre-existing medical comor-
bidities did not introduce bias.

The limited range of confounders available, which is
often the case in administrative data,18 is one of the
major limitations from this work. Confounding factors
not available to TRACTOR could represent a bias, but
their potential impact on the results is hard to evaluate,
as these variables were not available. It is possible that
their absence could bias the estimated effects, and
confounds/masks the genuine relationship between
agricultural activities and depression. In addition,
regarding available confounders, their accuracy was
sometimes limited, so the possibility of residual con-
founding cannot be excluded. Findings should therefore
be considered carefully. Only an indirect exposure esti-
mation was possible using activities from administrative
databases, with no information on chemical, physical, or
biological agents that could be encountered/used by
FMs. Some activities were not descriptive enough to
provide the best risk estimation possible, in particular
for activities that are highly heterogeneous in nature,
such as crop farming. Linking MSA data to other
external sources (e.g., cohort studies, crop exposure
matrices) could help to address some of the aforemen-
tioned limitations. A perspective from this work would
be to use job and/or crop exposure matrices (JEMs) to
try to ascertain more accurately pesticide exposure,
physical, and/or psychosocial factors. However, this
would be a challenging endeavor, with several potential
bias, and limitations that would have to be addressed.
For instance, the most relevant JEM(s) would have to be
identified, which is not simple since there is no gold
standard, and because the performance of a JEM de-
pends on the exposure, and effect of interest.37–39 There
will also be transcoding difficulties because the coding
system of agricultural activities from MSA is not based
on a standardized coding system, so the compatibility
with existing JEMs might be limited. A more detailed
www.thelancet.com Vol 31 August, 2023
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discussion regarding the limitations of TRACTOR is
described elsewhere.18

While this work allows for the identification of ac-
tivities with a higher risk for depression than other type
of farm work, it does not enable us to identify which
factors contribute to these associations. To complement
and go beyond this work, an additional study focusing
on the identification of common/shared and differing
factors determining depression for each agricultural
activity is required, and will be conducted in the future.
For instance, machine learning could be used to identify
predictors of depression for each activity. Mixed-
methods studies could also be conducted for agricul-
tural activities that were found with the highest
depression risks.

Because agricultural practices and risk factors can
differ between countries, findings from this works
might be unlikely to generalize beyond France. In
addition, data were not available after 2016, therefore, it
would be interesting to study how depression risks have
evolved since then. Yet, we think our results are still
relevant today as there is no other study reporting
depression risks for specific agricultural activities, and
because many of the aforementioned risk factors still
remain topical.

Because we had only access to farmers, and not the
whole population-at-risk, it was not possible to
calculate the exact incidence rate of depression.
However, our findings can help in identifying activ-
ities the most at risks of depression among the
farming populations, where preventive measures
could be potentially allocated in priority. A comple-
mentary perspective from this work could be to
conduct the same work as we did, but by determining
whether FMs have a higher depression risk compared
to non-farming individuals.

Public health implications
Large-scale efforts to identify depression and monitor its
outcomes are of paramount importance to public health.
Findings from this study will be of interest to policy
makers and public health practitioners. Indeed, our
findings could help to determine agricultural activities
for which further studies (e.g., qualitative, quantitative,
or mixed-methods) are needed in priority to identify
depression risk factors, and appropriate preventive
measures. Variability in the types of agricultural activ-
ities performed, implies that a comprehensive under-
standing of the topic is required to recommend relevant
interventions. Identifying agricultural activities at risk of
depression is thus a critical first step on the road to
develop effective preventive measures against depres-
sion, but also injuries and suicide. Indeed, depression
can inhibit safety behaviors leading to injuries,13 and can
increase the risk for suicide.9,17,29 While prevention of
depression is crucial, it requires effective in-
terventions.4,5 There is a broad range of strategies for
www.thelancet.com Vol 31 August, 2023
depression that exists, including evidence-based in-
terventions such as therapeutic, psychological, and so-
cial interventions.4,21,40 Interventions combining more
than one approaches were shown to be more efficient in
reducing depression levels among employees in the
workplace.4,40 Mental health literacy programs is an
example of holistic/multi-component interventions that
could be undertaken to improve knowledge, attitudes,
and helping behaviors of FMs.4 The promotion of the
creation of agricultural cooperatives is an example of
targeted intervention that could be implemented in
dairy farmers in order to secure markets, access sup-
plies and services. To inform health services and health
policy, the findings from this study will be presented
nationally to the MSA, and to the Ministries of Agri-
culture and Food Sovereignty, Work, and Health and
Solidarity. The present study was also conducted for
each local MSA office (n = 35), with results that will be
presented to all the local actors involved in mental
health promotion and prevention. These presentations
will allow us to exchange and confront our findings with
the perceptions, and experiences of local actors, and
discuss potential implications. After these exchanges,
each MSA office will be able to determine whether
additional resources should be allocated to screen for
depression, to identify risk factors, and to implement
tailored prevention measures and interventions for
vulnerable groups at a local geographic scale.

Conclusion
In conclusion, TRACTOR brings new insights and a
wealth of information on the association of a wide range
of agricultural activities and depression in FMs. This
study suggests that certain agricultural activities are
more strongly associated with depression than other
activities, with differences between sexes. Our findings
could act as a starting point for identifying potential
targets for prevention and intervention. Further
research regarding specific farming activities by sex
category are however needed to confirm, understand,
and identify which factors contribute to the observed
risks in order to determine whether additional resources
should be allocated and where, and which preventive
measures should be implemented.
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