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Abstract

Background—Drought represents a globally relevant natural disaster linked to adverse health. 

Evidence has shown agricultural communities to be particularly susceptible to drought, but there is 

a limited understanding of how drought may impact occupational stress in farmers.

Methods—We used repeated measures data collected in the Musculoskeletal Symptoms among 
Agricultural Workers Cohort study, including 498 Midwestern U.S. farmers surveyed with a Job 

Content Questionnaire (JCQ) at six-month intervals in 312 counties from 2012 through 2015. A 

longitudinal linear mixed effects model was used to estimate the change in job strain ratio, a 

continuous metric of occupational psychosocial stress, during drought conditions measured with 

a 12-month standardized precipitation index. We further evaluated associations between drought 

and psychological job demand and job decision latitude, the job strain components, and applied a 

stratified analysis to evaluate differences by participant sex, age, and geography.

Results—During the growing season, the job strain ratio increased by 0.031 (95% CI: 0.012, 

0.05) during drought conditions, an amount equivalent to a one-half standard deviation change 

(Cohen’s D = 0.5), compared to non-drought conditions. The association between drought and the 
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job strain ratio was driven mostly by increases in the psychological job demand (2.09; 95% CI: 

0.94, 3.24). No risk differences were observed by sex, age group, or geographic region.

Conclusions—Our results suggest a previously unidentified association between drought 

and increased occupational psychosocial stress among farmers. With North American climate 

anticipated to become hotter and drier, these findings could provide important health effects data 

for federal drought early warning systems and mitigation plans.

GRAPHICAL ABSTRACT

INTRODUCTION

Droughts are among the broadest and most impactful of all natural hazards. Over the past 

40 years, the percentage of global land affected by drought nearly doubled and has affected 

more people than any other natural disaster (Food and Agriculture Organization of the 

United Nations, 2021). In the U.S., 28 recorded drought events occurred from 1980 to 2020 

with estimated losses of $258.9 billion and in June of 2021, an estimated 39.8% of the U.S. 

is in moderate drought or worse with much of the American southwest experiencing extreme 

or exceptional drought (Smith, 2010-2019). While the financial costs of drought are behind 

only tropical cyclones and severe storms, its threat to public health remain understudied, 

particularly among vulnerable populations.

Drought has been associated with multiple adverse health outcomes, including increased 

mortality (Salvador et al., 2019; Berman et al., 2017; Lynch et al., 2020), respiratory-related 

disease (Salvador et al., 2019; Jagger et al., 2015; Smith et al., 2014a), water and vector 

borne infection (Stanke et al., 2013; Froelich et al., 2012; Hagan et al., 2018; Brown et 

al., 2014), and cardiovascular events (Berman et al., 2017). Evidence has correlated drought 

with worsening air quality and higher concentrations of ozone and fine particulate matter 

(Wang et al., 2017). This is driven by the exacerbation of secondary pollutant formation 

(Demetillo et al., 2019) or by elevating the conditions for wildfire spread and occurrence 

(Littell et al., 2016; Sutanto et al., 2020). Arid soils caused by drought can further increase 

dust-related fungal pathogens and drive incidence of pulmonary disease, such as Valley 

Fever (Tong et al., 2017; Zender and Talamantes, 2006). In developing nations, drought-

induced water scarcity can directly affect disadvantaged populations, causing widespread 

famine, nutritional deficiencies, and community displacement (Ebi and Bowen, 2016). But 

among the health impacts of drought, the most well-studied are associations with poor 

mental health and psychological distress, particularly in regions with fewer freshwater 

resources.
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Rural and farming communities are at heightened risk of drought-induced mental health 

impacts (Vins et al., 2015). A drought in agriculture regions can have disastrous effects, 

including crop and livestock loss, lower income, and subsequent harms on broader 

communities reliant upon agricultural enterprises. Australian studies have found that drought 

not only leads to increased mental distress among farmers (Austin et al., 2018; Edwards 

et al., 2015; O’Brien et al., 2014; Fennell et al., 2012), but can increase suicide mortality 

(Hanigan et al., 2012; Guiney, 2012). Similar associations have not been observed among 

urban populations during periods of drought (O’Brien et al., 2014; Hanigan et al., 2012). 

Several explanations for this disparity have been proposed. Among rural and farming 

populations, there is a heightened attitude of self-reliance and stoicism, which often impedes 

help-seeking behaviors (Vins et al., 2015; Fuller et al., 2000; Spleen et al., 2014). Rural 

areas are at a similar disadvantage in regards to those seeking mental health care with less 

infrastructure and providers, including psychiatrists, psychologists, counselors, and social 

workers, compared to the U.S. as a whole (Ellis et al., 2009). This combination of both 

perceived stigma and a lack of clinical resources for mental health care makes agricultural 

communities a highly vulnerable subpopulation for psychological distress.

In 2012, the U.S. experienced a pan-continental drought that covered 61.8% of the 

contiguous country, encompassing productive agricultural regions, including the Northern 

Plains and Midwestern states (Cook et al., 2013). Estimated agricultural losses exceeded $30 

billion with a quarter of all corn, soybean, and sorghum harvests ruined, and moderate to 

severe drought conditions affecting 68% of livestock producing areas (Rippey, 2015; USDA 

Economic Research Service, 2013). In response to the drought, Midwestern states received 

economic assistance in the form of credit, crop insurance, and water conservation tools to 

rehabilitate impacted lands (Mallya et al., 2013). However, the influence of this drought 

event on farmers health, including occupational psychosocial stress, is unknown.

Increased job strain (a metric that combines measures of (i) psychological job demands and 

(ii) decision authority) is an established risk factor for worsening mental health, including 

psychological distress (Bourbonnais et al., 1996) and depressive symptoms (Daryl et al., 

2000; Smith and Bielecky, 2012). We hypothesize that occupational psychosocial stress 

will be greater among U.S. farmers during drought, placing them at increased risk for 

adverse mental health outcomes. Identifying this association could provide important health 

effects data for drought mitigation plans and early warning systems. In 2006, the National 

Integrated Drought Information System (NIDIS) was formed by congressional mandate to 

create drought early warning systems that proactively manage drought-related risks. With 

an increased NIDIS focus on health risks associated with drought, the identification of 

populations vulnerable to drought are a necessity for state/local planning and strategies.

To test this relationship, we applied a longitudinal mixed-effects model to a Midwestern 

farmer cohort to estimate the association between occupational psychosocial stress and 

drought conditions that covered the historic 2012 event. We evaluated whether the season 

of drought occurrence and individual factors such as participant sex, age, and geography 

resulted in observed differences in reporting of occupational psychosocial stress. If an 

association between drought and occupational psychosocial stress were observed, it would 

represent the first time that drought impacts on the worker stress would have been evaluated 
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in North America. A specific focus on farmers allows us to confirm if their vulnerability 

to drought observed in other parts of the globe remains a risk factor in the United States. 

Furthermore, our findings would provide important clues regarding extreme weather impacts 

on agricultural populations, who are at greater risk in a changing climate, and inform 

mitigation and preparedness policy.

2. METHODS

2.1. Study region, timeframe, and design

We examined occupational psychosocial stress among farmers residing in 312 counties 

across nine midwestern states (Illinois, Iowa, Kansas, Minnesota, Missouri, Nebraska, North 

and South Dakota, and Wisconsin). Farmer data were collected from 2012 through 2015. 

Drought measures were spatially and temporally linked to farmer county of residence 

both during and prior to survey response periods and a linear mixed-effects model was 

used to estimate the association between exposure to drought conditions and occupational 

psychosocial stress.

2.2. Farmers cohort data

We used previously collected and de-identified longitudinal data from 518 agricultural 

workers, 95% self-described as farm owners or operators (e.g., the individual running 

the farm and making day-to-day management decision), who were surveyed across a 

3-year period. The purpose of the original study (Fethke et al., 2015) was to estimate 

associations between the physical demands of agricultural work and musculoskeletal pain. 

All participants, even if reporting secondary employment, specified that they perform the 

majority of work on their farm. Participants completed a baseline survey in March 2012 

with follow-up surveys at 6-month intervals until May 2015. Questions included survey 

response date, personal demographics such as age, sex, and education, a description of 

farm characteristics (commodities, size, tasks performed and task hours, among others), 

and items from the psychological job demands and decision latitude subscales of the Job 

Content Questionnaire (JCQ) to measure occupational psychosocial stress (Karasek et al., 

1998). Additional questions included the Positive and Negative Affect Schedule (PANAS) to 

measure negative affect, a personality trait involving the experience of negative emotions, a 

potential confounder of the JCQ and drought association (Watson et al., 1988). Participants 

also reported the experience of musculoskeletal pain of the low back, neck/shoulder, and 

elbow/wrist/hand regions during the three-month period immediately preceding survey 

administration. We created a new variable – seasonal pain – which was classified as positive 

if participants reported pain for any of the three body regions and negative if they reported 

no pain for all three body regions. A second variable was created to evaluate participants 

reporting seasonal pain in 2 or more body regions simultaneously.

2.3. Estimation of job strain

A widely-accepted model is that occupational psychosocial stress (sometimes called 

“job strain”) increases with increased psychological job demands and decreased decision 

latitude (Schnall et al., 1994). The JCQ is a self-completed survey designed to quantify 

psychological job demands and decision latitude. A continuous measure of job strain was 
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calculated as the ratio of the psychological job demands subscale score to the decision 

latitude subscale score. The job strain ratio was the primary dependent variable in the 

current study, with greater values indicating greater occupational psychosocial stress. 

Additional analyses explored the psychological job demands and decision latitude subscale 

scores as separate dependent variables. We created an additional variable to designate 

whether surveys were completed during the growing season (May-October) or the non-

growing season (November-April). Months were selected based on average planting and 

harvest times of major crops (e.g., soy, corn, wheat) grown in the Midwest. This variable 

allowed us to evaluate whether JCQ responses changed when farmers were actively planting 

or growing crops in comparison to periods of lower activity during the non-growing season.

2.4. Drought exposure assessment

We used the publicly available nClimGrid standardized precipitation index (SPI) to assess 

drought conditions for each participant across the study observation period (NOAA National 

Centers for Environmental Information, n.d.). The SPI uses precipitation to characterize 

abnormal dryness or wetness across different timescales. SPI values were interpreted as the 

number of standard deviations that observed precipitation departs from long-term average 

conditions (Keyantash, 2018). Our study focused on the 12-month SPI, which is a timescale 

indicative of a long-term drought event. The SPI is initially estimated as a geographically 

gridded continuous U.S. output for each month, which we aggregated to the county-level. 

Furthermore, since we were linking drought to occupational psychosocial stress, we 

estimated a 3-month rolling mean of county-level SPI to capture average conditions prior to 

the date of survey responses.

We re-classified the continuous SPI value into a categorical variable, representing drought, 

normal, and wet conditions, using U.S. Drought Monitor scales (National Drought 

Mitigation Center, 2020). SPI values ≤−1.5 were classified as drought conditions, values 

between −1.5 and 1.5 were classified as normal conditions, and values ≥1.5 were classified 

as wet conditions. An SPI value of ≤−1.5 was considered an ‘extreme’ or ‘exceptional’ 

drought event associated with major or exceptional widespread crop or pasture losses 

(National Drought Mitigation Center, 2020).

2.5. Statistical analysis

To estimate the association between drought and occupational psychosocial stress, we 

applied a linear mixed-effects longitudinal model with repeated measures of job strain ratio 

as the dependent variable and the categorized drought variable according to the survey date 

as the primary independent variable. We fit the following model using restricted maximum 

likelihood, Yij = β0 + β1Droughtij + β2SurveySeasonij + β3DroughtijSurveySeasonij + 

β4Painij + β5Occupationij + β6NegAffecij + β7Age7ij + β8Timeij+ biφi + εijwhere Yij is 

the continuous job strain ratio for the jth observation on participant i, β1, …, n are the fixed 

effect regression coefficients and Droughtij is the categorical drought condition (normal, 

drought, or wet) for the jth survey response on participant i. To evaluate whether job strain 

ratio varies by growing season and drought, we included a categorical variable for the survey 

response season, where SurveySeasonij is an indicator of whether the survey represents 

the growing season or the non-growing season and DroughtijSurveySeasonij represents the 
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interaction between drought and survey season. We adjusted for individual characteristics 

that can influence stress, where Painij is the categorical presence or absence of seasonal pain, 

Occupationij is a binary variable of whether farming is the primary occupation, NegAffecij is 

a binary category of whether a person has low or high negative affectivity, and Ageij is the 

age of participant i on the date of the jth survey response. We adjusted for potential changes 

in job strain ratio over time by including Timeij, which represents the date (month and year) 

when a survey was completed. We further included a random person effect, φi, to account 

for within-person variability. In a sensitivity test, we adjusted our model for inclusion of 1) 

sex, 2) farm size, 3) the type of farm (e.g. grain only, livestock, multiple commodity), and 4) 

seasonal pain in multiple body regions.

We also constructed separate models using the psychological job demands and decision 

latitude subscale scores as the dependent variable to explore the effect of drought conditions 

on these distinct dimensions of occupational psychosocial stress. We used the primary model 

described above to perform this evaluation. We additionally performed stratified analyses 

to examine potential heterogeneity of effect by sex (male, female), age (<60 years, 60-75 

years, 75+ years), and geographic location based on state of residence (East = Illinois, 

Wisconsin; North = Minnesota, North Dakota, South Dakota; South = Iowa, Nebraska, 

Kansas, Missouri). Results could not be stratified by ethnicity as over 98% of participants 

reported as Caucasian.

Analyses were performed using R Statistical Software (v. 4.0.2) and the ‘nlme’ package 

(Pinheiro et al., 2021). The study was reviewed and approved by the University of 

Minnesota Institutional Review Board (STUDY 00007664).

3. RESULTS

The cohort initially included 518 farmers, but missing JCQ and PANAS information reduced 

our dataset to 498 unique participants with 2074 survey responses and a median number 

of observations of 4 out of 7 survey data collection rounds (Table 1). Participants were 

primarily male with a mean age of 61.7 (sd = 12.0) years, which is slightly higher than 

the U.S. average farmer age of 58.3 years (USDA National Agricultural Statistics Service, 

2014). About 72% of the participants reported farming as the primary occupation, whereas 

48% of U.S. farmers consider farming to be their primary occupation (USDA National 

Agricultural Statistics Service, 2014). Averaged across all participants the mean job strain 

ratio was 0.31 (standard deviation of 0.06) with a within person standard deviation of 0.03.

Drought conditions were normally distributed across our study period with an average SPI 

of −0.03 (range −2.78 to 2.46) and normal conditions constituted 93.2% of our total data 

days (Table 2). We had 82 survey responses (4.0%) during drought conditions and 59 (2.8%) 

responses during wet conditions. When stratified by growing season, the average SPI was 

similar across both growing and non-growing seasons.

No clear relationship was observed on a scatterplot of SPI and job strain ratio (Fig. 1). A 

fitted loess curve suggested that job strain ratio may be slightly higher during both wet (SPI 

≥ 1.5) and drought conditions (SPI ≤ −1.5) compared to normal conditions, but this trend 
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was weak (Pearson correlation rho = 0.04 (95% CI: −0.003, 0.082). Boxplots suggested 

no meaningful differences in the distributions of job strain ratio across the SPI categories 

(Fig. 2A). Likewise, we observed similar job strain ratio distributions by growing and 

non-growing seasons (Fig. 2B). However, when stratified by both SPI category and season, 

we observed that the job strain ratio was significantly higher during drought conditions 

that occurred during the growing compared to the non-growing season (P < 0.01, Welch’s 

2-sided t-test) (Fig. 2C).

Stratified analyses for sex, age, and geographic location found that drought during the 

growing season is positively associated with increased job strain ratio and psychological job 

demand regardless of subgroup, although statistical significance is lost in many subgroups 

(Fig. 3). There is some evidence that males and younger farmers showed a weaker increase 

in job strain ratio associated with drought, while the association between drought and 

psychological job demands increased more in northern states of Minnesota and the Dakotas. 

However, these differences may be attributable to smaller sample sizes as a consequence 

of stratification and may not reflect true associations between drought and occupational 

psychosocial stress.

The magnitudes of the observed associations between drought conditions and occupational 

psychosocial stress (i.e., job strain, psychological job demands, and decision latitude) did 

not meaningfully change when adjusting for sex, farm size, farm commodity type, or 

seasonal pain and models were robust to their exclusion based on AIC and log-likelihood. 

When replacing the any seasonal pain variable with seasonal pain in multiple body 

parts, we observed multiple body part pain increased participant job strain ratio by 0.007 

(95% CI: 0.002, 0.013) and increased the psychological job demand by 0.40 (95% CI: 

0.06, 0.74). There was no significant association with job decision latitude. However, the 

association between drought and occupational psychosocial stress remained consistent for 

all models, which indicates that their role in exacerbating occupational stress likely remains 

independent.

4. DISCUSSION

Occupational psychosocial stress has been associated with mental health outcomes in 

some populations (Daryl et al., 2000; Smith and Bielecky, 2012; Mark and Smith, 2012). 

In comparison to many occupations, drought may uniquely impact the experience of 

occupational psychosocial stress in an agriculture setting. Drought, therefore, is a plausible 

yet understudied etiology of the burden of mental health outcomes among farmers. We 

found that among a cohort of Midwestern farmers longitudinally surveyed for occupational 

psychosocial stress, drought condition during the growing season increased job strain ratio 

by about 50% of its standard deviation; the equivalent of a medium difference in effect size. 

Furthermore, the magnitude of increased job strain ratio during drought was four-fold larger 

than the increase from other stressors, such as pain in multiple body parts (0.03 vs. 0.007, 

respectively). Our findings will provide new information for drought early warning plans 

and potential targeted care plans for agricultural workers during periods of increased risk.
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The use of a longitudinal dataset to examine within-person associations between drought 

and occupational psychosocial stress is a strength of this study. As far as the authors are 

aware, no other study of associations between drought and job strain has collected within-

person evaluations of job strain for more than two repeated measures. In fact, nearly all 

other research on the psychological impacts of drought was conducted with cross-sectional 

population-based surveys (Hanigan et al., 2018; Edwards et al., 2015; O’Brien et al., 

2014; Fennell et al., 2012), which cannot capture the time-varying effect of drought at the 

individual level. Additionally, prior studies almost entirely focus on Australian populations 

with a near absence of North American study samples, except for an analysis of acute 

stress in the general population of California during the 2015 drought (Barreau et al., 2017). 

This dearth of research makes it difficult to perform comparative evaluations and determine 

global variation of drought impacts. Furthermore, our study was designed to examine the 

association between drought and occupational psychosocial stress in a farming cohort. 

Other outcomes, such as the Kessler Psychological Distress Index or suicide deaths, capture 

broader measures of distress that could be unrelated to occupational stressors (O’Brien et al., 

2014; Fennell et al., 2012; Guiney, 2012; Hanigan et al., 2018).

Uniquely, this study demonstrated that the association between job strain and drought was 

driven by the effect of drought on psychological job demands as opposed to decision 

latitude. Karasek (1979) stated that the job demand scale quantifies psychological pressures 

related to accomplishing your workload, stress from unexpected tasks, and job-related 

personal conflict, including fear of career or unemployment (Karasek, 1979). Alternatively, 

job decision latitude measures the workers intellectual discretion and decision authority in 

completing their tasks. It is likely that mental and physical demands related to farming 

are more sensitive to an external perturbation, such as drought, whereas the fundamental 

decision execution and required tasks are unlikely to change, making the observed results 

plausible. Elevated job strain ratios and psychological job demand have also been associated 

with non-mental health outcomes, including increased risk for cardiovascular disease 

(Chikani et al., 2005; Collins et al., 2005). Berman et al. (2017) observed drought conditions 

to be associated with cardiovascular hospitalization risk among older adults, while Salvador 

et al. (2021) identified increased risk for cardiovascular-related mortality. These findings 

indicate a potentially broader range of adverse health risks for farmers caused by increased 

occupational psychosocial stress during drought.

Other research suggests that psychological distress associated with drought show sex- 

and age-based heterogeneities. One hypothesis is that population subgroups have different 

coping mechanisms and strategies. South Australian studies found younger farmers and 

spouses to have higher levels of drought induced distress compared to older adults, with 

no differences by sex (Austin et al., 2018; Fennell et al., 2012). In a separate rural 

Australian study, younger and middle-aged female farmers showed greater psychological 

distress during drought conditions (Hanigan et al., 2018). When examining suicide-related 

deaths, males had much greater risk of suicide deaths during extreme drought compared to 

females (Hanigan et al., 2012), but for all-cause mortality in Spain, older adults were most 

vulnerable (Salvador et al., 2021). Our analyses did not reveal significant effect modification 

of drought on occupational psychosocial stress by sex, age, or geography. This might be 

attributable to true differences between U.S. farmers compared to other populations or to 
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our specific focus on occupational psychosocial stress as opposed broader constructs of 

mental health and/or distress. It is further possible that our sample lacked statistical power 

to detect statistically significant across-population differences. This is likely the case for our 

estimated changes in stress for male and female populations, since our study population was 

overwhelmingly (94.6%) male. Regardless, this is still an area of interest since mental health 

services might tailor outreach to target vulnerable populations as drought risks become 

severe over time.

Projections of future climate for central North America indicate that conditions will become 

drier and hotter than present conditions, and will lead to increased challenges for rural 

and agricultural populations (Cook et al., 2015; Dai, 2013). Geographic and technological 

advantages that buffer effects of drought, such as widescale irrigation and groundwater 

pumping, will diminish as non-renewable aquifers and river flows are depleted (Scanlon et 

al., 2012). As a consequence, the threat of increased psychological job demands related to 

drought may become more severe among farming populations in the future with consequent 

adverse effects on mental health. As an occupational cohort, farmers tend to be older than 

traditional workers and live in regions with fewer medical resources, which leaves them as 

a more vulnerable subgroup to work-related stress. Investment in primary, secondary, and 

tertiary mental health prevention and targeted intervention efforts will be crucial for building 

resilience among farming communities, which are already at a structural care disadvantage 

(Ellis et al., 2009).

Our findings should be interpreted in the context of several limitations. First, Fethke et 

al. (2015) reported an 8.1% participation rate for the sample included in this study (518 

out of 6415 randomly selected farm operators), which was reduced to 498 participants 

in this study. Our findings may not be generalizable to a larger farming population, 

especially since drought vulnerability and adaptation approaches may vary by region (Smith 

et al., 2014b). However, in the nine-state study area, the demographic characteristics of 

participants and the distribution of produced commodities were not meaningfully different 

from regional statistics generated by the National Agricultural Statistics Service (USDA 

National Agricultural Statistics Service, 2014). Thus, we cannot conclude the observed 

relationship between drought and occupational psychosocial stress is different among study 

participants compared to the general Midwest farming population.

Second, the original study was not designed to address potential health effects from drought. 

The questionnaire was developed to evaluate agricultural tasks and musculoskeletal pain, 

so its application to study environmental exposures represents a novel use. Questions to 

identify a causal relationship between drought and occupational psychosocial stress, such 

as perceptions of drought or crop and livestock loss specifically from drought, were not 

included. Similarly, information regarding the availability and use of irrigation or crop 

insurance over the duration of observation was not collected.

Third, we quantified drought using the SPI, which is a commonly used international metric 

for monitoring drought. However, it is possible that health effects from drought would 

show variability if alternative indices had been applied. In heat wave studies, it has been 

argued that heat measures should vary regionally to best capture local effects (Kent et al., 
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2014; Dong et al., 2016). A similar regional exposure definition may result in different 

estimated drought and stress effects. Fourth, surveys were completed at 6-month intervals, 

so perceptions of job strain may be biased toward more recent events. However, it is unlikely 

that error in the ascertainment of occupational psychosocial stress was dependent on drought 

conditions. Finally, our 3-month rolling mean of a 12-month SPI represents a long-term 

drought variable that will not rapidly change from month to month, reducing the likelihood 

of exposure misclassification for any one participant at any one observation during the study 

period.

5. CONCLUSIONS

An association between drought conditions and increased occupational psychosocial stress 

among a cohort of U.S. farmers was observed in the current analyses. This relationship 

was observed only when a drought occurred during the growing season, indicating a 

seasonal relationship directly linked to the psychological job demand of the farming 

occupation. Given associations between occupational psychosocial stress and adverse mental 

health outcomes in non-agricultural populations, our observations are consistent with the 

hypothesis that the elevated burden of adverse mental health outcomes among farmers may, 

in part, be a consequence of drought conditions. Should drought become more common, 

as expected with global climate change, then prevention efforts to address its impact on 

farmer mental health may be warranted. Health risks to farmers may be incorporated into 

drought early warning plans and local mitigation strategies that address impacts of drought 

and reduce burdens on populations.
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Figure 1. Individual job strain ratios and the associated drought conditions using a 3-month 
rolling mean of the 12-month standardized precipitation index (SPI).
SPI is stratified as categories for drought conditions (≤−1.5 SPI), normal conditions (−1.5 

to <1.5 SPI), and wet conditions (≥1.5 SPI). N values represent the job strain measures 

reported during each category. The solid line represents a fitted loess curve with a 95% 

confidence band.
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Figure 2. 
Distribution of estimated job strain ratios among the farmers cohort stratified by A) drought 

conditions, B) season of response (non-growing season = November to April; growing 

season = May to October), and C) drought and season of response.

The mixed effects regression model showed that job strain ratio increased by 0.03 (95% 

CI: 0.01, 0.05) during drought conditions in the growing season (i.e., the drought and 

season interaction reported in Table 3). This magnitude of a 0.03 increase in job strain ratio 

represents nearly one-half of the cohort wide standard deviation of job strain ratio (0.06; 

Table 1), indicating a fairly large increase in job-related stress during drought conditions. A 

drought during the non-growing season was associated with a −0.03 (95% CI: −0.04, −0.01) 

change in the job strain ratio. In models examining psychological job demands and decision 

latitude as outcomes, we identified no association between drought conditions and decision 

latitude. However, psychological job demands increased by 2.09 (95% CI: 0.94, 3.24) during 

drought that occurred during the growing season with a decline of −1.49 (95% CI: −2.27, 

−0.7) during drought in a non-growing season. This finding suggests that the association 

between occupational psychosocial stress and drought conditions is being driven by effects 

on psychological job demands as opposed to decision latitude.
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Figure 3. 
Estimated change in A) job strain ratio and B) psychological job demand from drought 

conditions during the growing season when stratified by sex, age, and geographic location. 

East denotes farmers from Wisconsin, Illinois; North denotes Minnesota, North Dakota, 

South Dakota; South denotes Iowa, Nebraska, Kansas, Missouri.
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Table 1.

Descriptive statistics of all responses from the Agricultural Worker’s Cohort.

Characteristics Total Responses (%) Mean (SD) Range

Survey responses
A 2074 (100) 5.40 (2.14) 1 to 7

Sex - male 1962 (94.6) – –

Age (yrs) – 61.69 (11.99) 21 to 93

Primary job - farming 1488 (71.7) – –

Negative affect - high 1162 (56.0) – –

Job strain ratio – 0.31 (0.06) 0.12 to 0.78

Psychological job demand 23.11 (4.11) 9 to 36

Psychological job control 75.88 (8.67) 36 to 94

Report seasonal pain - yes 1115 (53.8) – –

A
Values represent the distribution of survey responses per participant.

Sci Total Environ. Author manuscript; available in PMC 2023 February 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Berman et al. Page 18

Table 2.

Summary of standardized precipitation index (SPI)
a
 drought conditions at the time of survey responses, 

stratified by overall SPI, categories of drought, and SPI during growing and non-growing season.

Empty Cell n (%) Mean (SD) Range

Drought characteristics

SPI 2074 (100) −0.03 (0.87) −2.78 to 2.46

Drought categories

Wet (≥1.5 SPI) 59 (2.8) 1.80 (0.22) 1.51 to 2.46

Normal (>−1.5 to <1.5 SPI) 1933 (93.2) 0.00 (0.74) −1.49 to 1.47

Drought (≤−1.5 SPI) 82 (4.0) −1.89 (0.34) −1.50 to −2.78

Season

Non-growing season 1182 (57.0) 0.04 (0.84) −2.78 to 2.46

Growing season 892 (43.0) −0.11 (0.90) −2.51 to 2.13

A
Represents the 3-month rolling mean of the 12-month standardized precipitation index (SPI) value when participants responded to surveys.
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Table 3.

Estimates of the effects of drought, season, drought by season interaction, and selected covariates on 

psychological job strain ratio, decision latitude, and job demand. Effect estimates represent the change in 

psychological job strain ratio, decision latitude, or demand for each categorical variable compared to the 

referent group with a 95% confidence interval.

Parameter Category Job strain ratio
A Job decision latitude 

(Control)
Psychological job demand

Empty Cell Empty Cell Effect est. 95% CI Effect est. 95% CI Effect est. 95% CI

Drought

Normal conditions Referent – Referent Referent

Drought conditions −0.026 −0.036, −0.01 1.06 −0.82, 2.94 −1.49 −2.27, −0.70

Wet conditions 0.008 −0.008, 0.024 −1.57 −3.97, 0.83 0.11 −0.89, 1.11

Season
Non-growing season Referent – Referent Referent

Growing season 0.001 −0.002, 0.005 −0.01 −0.54, 0.53 0.11 −0.11, 0.34

Drought and season 
interaction

Drought during 
growing season

0.031 0.012, 0.05 −1.14 −3.89, 1.61 2.09 0.94, 3.24

Wet during growing 
season

0.012 −0.01, 0.033 −0.19 −3.30, 2.93 0.67 −0.63, 1.97

Primary occupation
Non-farming Referent – Referent Referent

Farming −0.013 −0.021, −0.007 3.17 2.15, 4.20 0.19 −0.25, 0.62

Pain

No seasonal pain Referent – Referent Referent

Seasonal muscular 
pain

0.003 −0.002, 0.007 0.72 0.04, 1.39 0.37 0.09, 0.65

Negative affect
B

Low Referent – Referent Referent

High 0.016 0.011, 0.021 −1.37 −2.10, −0.64 0.71 0.40, 1.01

Age
C – −0.001 −0.002, −0.001 −0.08 −0.13, −0.03 −0.13 −0.15, −0.11

A
Estimated as the ratio of psychological job demand over job decision latitude.

B
Based on the positive and negative affect schedule. Individuals above or below the median are high and low negative affect, respectively.

C
Age is a continuous variable and results are interpreted as change in outcome for each 1-year increase in farmers age.
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