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Abstract

Introduction. Every farming method, whether conventional or organic, has been associated with some sort of risky behaviors
leading to health issues among farmers. Substantial evidence is not available in the literature to determine whether the
magnitudes of health outcomes vary between conventional and organic farmers. The study investigated whether selfreported neurological and mental health symptoms differ between conventional and organic farmers living in Indiana,
USA.
Materials and method. A self-reported questionnaire survey collected information from 200 conventional and 157 organic
farmers of Indiana on demographic characteristics, depression and neurological symptoms. Statistical analyses were
conducted to observe the differences in self-reported symptoms by groups of farmers.
Results. It was observed that the conventional farmers had significantly higher age-adjusted mean neurological symptom
score (p<0.01) than the organic farmers. Regression models revealed positive and significant associations of conventional
farming with total (β =1.34; p=0.02), sensory (β =0.83; p=0.001) and behavioural (β =0.09; p=0.03) symptoms after accounting
for age, income, education and years in farming. Positive but non-significant associations were also observed in conventional
farmers with cognitive and motor symptoms, and with all subscales of depression symptoms in the adjusted models.
Conclusion. The findings obtained suggest the importance of a larger study to further explain the difference in mental
and neurological health effects in these two categories of farmers.
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INTRODUCTION
Occupational health concerns associated with conventional
methods of farming are increasing due to the use of toxic
agrochemicals and risky farming practices in the United
States [1]. Organic farming methods, as defined by the United
States Department of Agriculture (USDA) National Organic
Program (NOP), apply products using health-friendly
methods that preserve the environment and minimize the
use of synthetic materials including synthetic pesticides
and antibiotics [2, 3]. However, health concerns for organic
farmers are also evident in the literature as they are exposed
to toxic organic materials and pesticides derived from natural
sources [4–8]. Although both conventional and organic
farmers report respiratory health outcomes the types of
outcomes may be different. For instance, a survey conducted
in the Netherlands found higher risk of wheezing and
shortness of breath in conventional farmers but higher risk
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of hay fever in organic farmers [9]. Whether such differences
in the reporting of other health outcomes exist between these
two groups of farmers are not quite clear in the literature.
Many synthetic and natural pesticides, used more frequently
by conventional and organic farmers, respectively, may be
associated with occupational and environmental health
concerns due to various levels of carcinogenic, mutagenic,
teratogenic or clastogenic toxicities [4–8]. Associations of
pesticide exposures with nervous system outcomes, such as
abnormalities in nerve conduction, frequent neurological
symptoms were demonstrated in epidemiological studies
across the globe [10–16]. Pesticide exposures demonstrated
dose-dependent associations with various mental health
outcomes such as depressions and anxieties in several
animal models [17–19]. A prospective epidemiological study
of farmers in Iowa and North Carolina supported these
toxicological data, because it found significant association
between high cumulative pesticide exposure and depression
amongst pesticide applicators, after accounting for potential
sociodemographic and occupational confounding variables
[20]. Similar effects of other pesticides were noted in studies
of Costa Rican banana farmers [21] and Colorado residents
living on conventional farms [22]. Various sociodemographic
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and occupational factors that may exist in the farm
environment, including limitation in farm infrastructure,
weak family structure, farm economy, bureaucracy, and
other farming related uncertainty, may generate stressors
for these farmers and may put them at risk of mental health
issues, including depression and anxiety [23].
There is an upsurge in the reliance on conventional
agricultural practices in the United States and elsewhere
to increase the productivity of crops. Indiana, a hub for
agronomy in the US, is dominated by farmers involved in
conventional farming although the presence of growing
numbers of certified organic farmers is also reported [24].
Since organic and conventional farmers use different types
of chemical and biological agents, and may not have similar
socioeconomic and lifestyle characteristics, the risk the
health outcomes between these two farmers groups may
vary. Several studies have compared these two groups of
farmers with respect to respiratory symptoms, but they have
been rarely compared for neurological and mental health
symptoms. Therefore, a mail-in survey was carried out which
included questions on various neurological and mental health
symptoms on farmers involved in both conventional and
organic farming practices in agricultural communities in
Indiana, USA. The objective was to compare the frequencies
and intensities of certain self-reported neurological and
mental health symptoms between organic and conventional
farmers.
MATERIALS AND METHODS
Participants and Study Site. Seven hundred potential
participants involved in conventional farming were randomly
selected from a list of USDA Farm Services Agency (FSA)
database of Indiana farmers (N=13,706). At the same time,
a list of organic certified farmers was downloaded from the
National Organic Program’s (NOP) certified farms listed on
USDA’s online database. Seven hundred male conventional
farmers and 300 male organic farmers were randomly selected
and listed. The two lists were then crosschecked to exclude any
overlapping participant. A combined list of 1,000 potential
participants from 92 counties across Indiana was generated,
and subsequently invited them to participate in a survey by
mail. Response were received from 387 participants. Thirty
participants did not respond to most of the demographic
questions. Participants who answered more than 75% of the
demographic questions were included in the revised database
for final analyses. The final sample for this study comprised
200 conventional and 157 organic farmers.
Survey Questionnaire. The survey was administered in midmarch 2015 and participants mailed the feedback between
June -July of 2015. Ethical approval was obtained from the
university Institutional Review Board prior to mailing the
questionnaire. The questionnaire consisted of prompts related
to farm environment, sociodemographic characteristics,
symptoms of neurological and depression problems
experienced by the participants within the past 30 days. Two
different health-related instruments were incorporated to
measure the symptoms. Questions on neurological symptoms
were adopted from Agricultural Health Study (AHS) and
National Institute of Health (NIH). This scale measured the
neurological symptoms experienced by each participant on

a scale of 0–3, with ‘not at all’ coded as 0 and ‘almost every
day’ coded as 3. Fifteen symptoms were further classified
into 4 subscales: behavioral, cognitive, sensory and motor
symptoms. The total neurological score for each participant
was calculated along with the score for all the subscales.
Questions on depression symptoms were adopted from the
Center for Epidemiologic Studies Depression Scale (CESD-R
Scale). This scale measurese the 16 depressive symptoms
experienced by each participant on a range similar to AHS
scale. Each symptom had 4 response options on a scale of
0–3, with ‘not at all’ coded as 0 and ‘almost every day’ coded
as 3. Reverse coding was performed for 4 of the positive
symptoms (i.e. symptom indicated absence of depression)
with ‘not at all’ coded as 3 and ‘almost every day’ coded as 0.
All the symptoms were grouped into depressive, well-being,
somatic, and interpersonal symptom subscales.
Statistical Analysis. Data were analyzed using SPSS
statistical software V. 22.0 and SAS 9.4. The differences
between conventional and organic farmers in terms of
sociodemographic and health characteristics were determined
by chi-squared test for categorical variables and independent
sample t-test for continuous variables. Average score for
neurological and depression symptoms were calculated along
with their subscale scores by adding-up the response code
for each symptom under each scale or subscale. Regression
analyses using linear models were conducted on SAS to
measure the regression coefficient after accounting for the
potential confounding variables. After reviewing the current
literature, potential confounding variables were identified
that could differ between the 2 groups. We evaluated
whether the inclusion of potential confounding variables
changed the estimated regression coefficients relating group
(conventional vs. organic farmers) to the outcome by more
than 0.5 standard errors. Variables that met this criteria,
such as income, education, age and years spent in farming,
were included in the final regression models.
RESULTS
Sociodemographic characteristics. Conventional farmers
were significantly older than the organic farmers (mean age
60.1 years vs. 46.9 years) (Tab. 1). There was also a significant
difference in the duration of farming, as conventional farmers
were engaged in farming for a longer period of time (mean
36.9 years), compared to the organic (mean 18.1 years). Even
though the percentage of conventional farmers having health
insurance was significantly higher, no significant difference
was observed on self-reported health status between the 2
types of farm participants (Tab. 1).
Neurological symptoms. Conventional farmers
demonstrated a significantly higher frequency of neurological
symptoms, as shown by a significantly higher mean of total
symptom score compared to the organic farmers, even after
accounting for age (p=0.05) (Tab. 2). When the differences
between these two groups were examined under each of the
symptom subscales, conventional farmers also demonstrated
higher symptom scores across all 4 subscales of neurological
symptoms, although only the sensory subscale score was
found to be significantly higher after accounting for age
(p=0.001). The regression models in Table 3 demonstrated
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Table 1. Sociodemographic characteristics of the participants
Variables

Conventional
Farmers
Mean (SD)/ % (n)

Organic
Farmers
Mean (SD)/% (n)

60.1 (13.9)

46.9 (12.7)

Age
Length of farming
in years

36.9 (15.5)

18.1 (12.4)

Income
< $75,000
> $75,000

48.5% (97)
51.5% (103)

59.9% (94)
40.1% (63)

Education
Less than High
school
High school or
above

43% (86)
57% (114)

75.8% (119)
24.2% (38)

p-values
Min, Max (between
groups)
25.0, 91.0
1.0, 80.0

Outcome variables

Unadjusted
models
β (SE)

p-value

β (SE)

p-value

Behavioural symptom score

0.05 (0.15)

0.26

0.09 (0.19)

0.03

Cognitive symptom score

0.01 (0.12)

0.47

0.07 (0.16)

0.32

Sensory symptom score

0.79 (0.21)

<0.001

0.83 (0.26)

0.001

Motor symptom score

0.31 (0.16)

0.02

0.35 (0.18)

0.32

Total neurological symptom score

1.21 (0.52)

0.01

1.34 (0.65)

0.02

CESD depressive act

0.12 (0.21)

0.29

0.28 (0.29)

0.15

CESD well-being

0.14 (0.33)

0.34

0.01 (0.41)

0.49

CESD somatic

0.11 (0.25)

0.33

0.37 (0.32)

0.12

Total CESD depression score

0.18 (0.69)

0.39

0.92 (0.85)

0.14

<0.001
<0.001

NA

NA

Table 3. Associations of farming practices (Conventional vs. Organic)
with neurological and depression symptom scores.

0.01

<0.001

Marital status
Married Widowed/
Divorced/Single

85.5% (171)
14.5% (29)

94.3% (148)
5.7% (9)

NA

0.03

Applied pesticides
in farm
Yes
No

71.0% (142)
29.0% (58)

5.7% (9) 94.3%
(148)

NA

<0.001

Insurance
Yes
No

96.4% (187)
3.6% (7)

30.7% (47)
94.3% (148)

NA

<0.001

General health
condition
Excellent
Very good
Good
Fair

20.5% (41)
47% (94)
25.5% (51)
7% (14)

22.3% (35)
45.9% (72)
24.2% (38)
7.6% (12)

NA

0.48

Adjusted
models*

* Regression models adjusted for age, income, farming in years and education

higher overall depression problems than the organic farmers.
The differences between the 2 groups decreased further when
the age-adjusted mean depression scores across all subscales
were compared (Tab. 2). Conventional farming was positively
associated with higher depression symptoms across all 4
subscales after accounting for income, age, education and
years involved in farming, even though none of the regression
coefficients were statistically significant (Tab. 3).
DISCUSSION

positive association between conventional farming and
total symptom score (β =1.34; p=0.02) after accounting for
potential covariates, including age, income, education and
years involved in farming. When the exposure-outcome
relationship for each of the four subscales was analyzed. It
was observed that there was a consistency of this positive
association across all 4 subscales of neurological symptoms.
Associations for behavioral (b=0.09; p=0.03) and sensory
symptom scores (b=0.83; p=0.001) were statistically significant
in the adjusted models, whereas associations for cognitive and
motor symptoms were positive but non-significant.
Depression symptoms. Based on the total and subscale
CESD scores, conventional farmers demonstrated marginally

In this study, conventional farmers reported significantly
higher neurological symptoms than the organic farmers
after accounting for sociodemographic variables. At the
same time, conventional farmers reported more symptoms
of depression, although the frequencies were not significantly
higher. Therefore, the results obtained for both neurological
and mental health outcomes were consistent, indicating that
more environmental and occupational risk factors may exist
to a greater extent in conventional farm populations and
contributing to the development of these outcomes. To the
best of the authors’ knowledge, the presented study is the
first to compare the two groups of farmers for neurological
symptoms. A small number of studies have compared
these two groups using other health outcomes, with the
majority predicting more health risks in conventional

Table 2. Comparison of neurological symptom scores between conventional and organic farmers
Unadjusted Mean Scores (95% CI)
Neurological Symptoms

Age-adjusted Mean Scores (95% CI)

Conventional (n=200)

Organic (n=157)

p-values

Conventional (n=200)

Organic (n=157)

p-values

Behavioural

0.81 (0.61, 0.99)

0.71 (0.49, 0.93)

0.49

0.85 (0.66, 1.05)

0.64 (0.42, 0.87)

0.17

Cognitive

0.68 (0.52, 0.84)

0.67 (0.49, 0.86)

0.95

0.66 (0.49, 0.83)

0.68 (0.51, 0.90)

0.75

Sensory

1.34 (1.07, 1.60)

0.54 (0.23, 0.85)

<0.001

1.32 (1.04, 1.60)

0.56 (0.29, 0.89)

0.001

Motor

0.65 (0.44, 0.85)

0.34 (0.10, 0.57)

0.03

0.59 (0.38, 0.80)

0.41 (0.16, 0.66)

0.30

Total symptom score

3.30 (2.64, 3.96)

2.09 (1.31, 2.86)

0.02

3.25 (2.55, 3.94)

2.15 (1.32, 2.99)

0.05

Depressive act

1.17 (2.08)

1.04 (1.73)

0.53

1.14 (0.85, 1.42)

1.04 (0.70, 1.39)

0.70

Well-being

2.58 (3.28)

2.57 (2.72)

0.96

2.42 (1.98, 2.88)

2.47 (2.24, 3.03)

0.98

Somatic

2.14 (2.38)

2.07 (2.17)

0.77

2.13 (1.79, 2.47)

2.06 (1.65, 2.46)

0.79

Interpersonal act

0.31 (0.72)

0.19 (0.54)

0.08

0.26 (0.15, 0.34)

0.23 (0.13, 0.35)

0.90

Total CESD depression score

6.06 (6.05)

5.71 (5.70)

0.61

5.83 (4.90, 6.76)

5.81 (4.79, 6.90)

0.93

Depression symptoms
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farmers. A recent study on Portuguese farmers identified
elevated levels of micronuclei in the lymphocytes, increase in
chromosomal aberrations and reduced level of B lymphocytes
in conventional farmers, as opposed to organic farmers
[25]. Another study in the Netherlands found lower risk of
asthma-like symptoms in organic farmers than conventional
farmers [9]. In contrast to these studies, a study of migrant
European workers did not find any conclusive evidence about
the difference in health status between these two groups [26].
The findings of the presented study are therefore consistent
with the data provided by some European public health
studies and promoters of organic farming which argue that
the rejection or reduction of the use of chemical pesticides,
artificial fertilizers and genetically-modified organisms
may reduce the health concerns among farmers involved in
organic farming [9, 27].
The survey questionnaire in the current study for the
neurological symptoms was based on Swedish Q16 which,
in different cultural settings, demonstrated the effects of
pesticides on the nervous system among South African
women farmers [28], Egyptian agricultural workers [13]
exposed to organophosphorus pesticides, in addition to
German [29] and Algerian [30] workers exposed to solvents. A
modified version of Q16 was validated and used in a large US
study on licensed pesticide applicators [15]. Although a higher
number of symptoms were included in previous surveys, in
the presented study, some symptoms which were found to be
non-specific or autonomic (e.g. dizziness, headache, nausea,
loss of appetite) were excluded, and therefore could not fall
under any specific subscale [13, 15, 16, 31]. Data from this
study also provided identical findings to those presented by
a large US Agricultural Health Study (AHS) on pesticideexposed male farmers [15]. It is anticipated that the sample of
conventional farmers in this study might have been exposed
to pesticides, resulting in more significant associations for
cognitive and sensory symptoms, which were the two most
dominant neurologic domains reported in the multistate
AHS study [15].
For depression symptoms, the survey used The CESD-R
Scale, which categorizes participants as “depressed” when
the score becomes 16 or more. In the current study, the
average score of participants was notably smaller due to
inconsistencies in response for the scales. For example, some
of the participants answered questions on depression but
did not respond to the questions related to neurological
outcomes. Even though the response rate for the scale was
83%, the ‘low’ value of Cronbach’s alpha revealed that the
measure was fairly unidimensional. Several studies indicated
that the combination of occupational and environmental
stressors may contribute to increased risks of mental health
outcomes and psychiatric disorders, such as suicide, even
though information about these risk factors remains very
limited [23, 34–36]. One study on 605 farm workers in the UK
found that migrant organic farmworkers were happier and
significantly less depressed than the conventional workers
as they scored higher on Short Depression Happiness Scale
(SDHS). This indicated a higher degree of mental peace
associated with organic farming [26]. In the current study,
a consistent but non-significantly lower depression among
the organic farmers was found, perhaps due to the smaller
sample size
This study has several limitations that should be taken
into consideration while interpreting the results. It is

acknowledged that self-reported outcome measures were used
to examine the difference between the two groups of study
participants. There was a risk of inaccurate reporting of these
symptoms, especially when mailed survey questionnaire was
used for data collection. The biological significance of these
self-reported symptoms is unknown. However, it should be
noted that the objective of the study was not to assess the
prevalence of neurological diseases among two groups of
Indiana farmers; the aim was rather to observe whether the
intensity and frequency of symptoms were different in these
two categories of farmers, which would allow the gathering
of preliminary data for future epidemiological study. For
instance, several studies on farmers exposed to agrochemicals
demonstrated reduced cholinesterase activity and nerve
conduction velocity [37, 38], suggesting that future survey
studies should be complemented by biochemical assessment,
including biomarkers of exposures and health effects and
clinical examinations of nervous system and mental health
outcomes. Another limitation was the lack of data related
to participants’ gender. While no sampling was performed
for one gender over the other, it was not expected that the
participant pool would be dissimilar to other agricultural
studies where males generally dominated the respondent
demographics, such as found in a recent survey of farmers
in western Illinois where 78% of respondents were male [39].
Several participants in the presented study who were
primarily involved in organic farming, also mentioned that
they had minimal use of conventional farming methods in
recent years, although additional information regarding
this subgroup of organic farmers with a previous episode of
acute agrochemical poisoning was not collected. Although
the authors acknowledge that this is a limitation of the
study, the number of organic farmer participants with a
history of acute exposure was very small (6% of the organic
farmers), and exclusion of these farmers from the dataset or
addition of a categorical variable (i.e. recent acute exposure
to agrochemical) in the regression models did not appreciably
change the parameters of estimates (data not shown).
In this study sample, conventional farmers were
significantly older than the organic farmers, which may
have confounded the association between exposure (farming
type) and health outcomes. After including this confounding
variable the adjusted regression models still showed positive
relationships of conventional farming with both neurological
and mental health outcomes.
While health risks associated with conventional farming
techniques, such as pesticide use, may seem plausible enough
for the transition to organic practices, much research on the
choice to farm organically indicate the complicated nature
of the decision. Recent scholarship highlights that many
motivations and factors affect the decision to farm organically
and these factors are consistent across both country and
cultural lines [40, 41]. Prominently, environmental concerns
with pollution and deleterious impacts [42], economic
factors [43], and demographic differences between organic
producers and conventional farmers (age, gender, and size
of operation) [44, 45] are often highlighted throughout the
literature as variables that predict the decision to pursue
organic production methods. Additionally, health concerns
and environmental health ‘tragedies’, including pesticide
poisoning, are also posited as significant influential factors
that affect farmers’ decisions to the transition to organic
production strategies [46]. In the presented study, limited
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exposure data on environmental and occupational factors
did not allow the prediction of specific risk factors for
neurological and mental health outcomes. It is observed
that 71% of conventional farmers in this study reported
pesticide applications during their farm operations, either by
themselves or by their employers or co-workers, as opposed to
only about 6% of the organic farmers. Therefore, the difference
in health effects between the two groups may be attributable
to differences in pesticide exposure in agricultural settings.
Future studies might very well shed greater light on the
relationships between various socioeconomic, behavioral,
environmental and occupational risk factors with the
nervous system and mental health outcomes in order to find
the public health benefits of transitioning from conventional
to organic production.
CONCLUSION
The results obtained in this study indicate that conventional
farmers in Indiana are more likely to demonstrate
neurological and mental health issues than organic farmers.
Given the deleterious risks associated with conventional
agricultural methods, this study further evidences the notion
that policy considerations for pesticide usage is warranted
across both professional fields and governance levels [47,
48]. Agencies serving rural, agricultural communities
and citizens should consider policies that support greater
awareness to those exposed to farm pesticides, particularly
those located in specific geographic regions where specialized
crops necessitate greater levels of pesticide application.
Additionally, this study adds to the growing body of literature
that should be considered for broader, landscape-level policy
development informing governance by state and federal
agencies. Coupled with literature that spans the human to
the ecological dimension, evidence continues to accrue that
calls into question the long-term implications of pesticide
usage, questions that originated over sixty years ago [49].
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