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A B S T R A C T

Background: Farmworkers in the United States are exposed to extreme heat and demanding physical labor, 
placing them at increased risk for heat-related illnesses (HRI). This study examined individual, occupational, and 
household factors associated with self-reported HRI among men and women farmworkers in Imperial Valley, 
California.
Methods: This cross-sectional study used a convenience and snowball sampling approach to recruit agricultural 
workers through a local community organization. Participants were administered an in-person interview on their 
experience with HRI and potential risk factors. A multivariate regression analysis was conducted to identify 
variables related to HRI.
Results: From 300 participants, 119 (39.7%) experienced HRI, defined as reporting at least three HRI symptoms. 
In the multivariate regression analysis, HRI odds were significantly increased in women (aOR: 2.36, 95%CI: 1.35- 
4.15), in those reporting heat-related sleep problems (aOR: 3.25, 95%CI: 1.50-7.02), face covering use (aOR: 
1.94, 95%CI: 1.09-3.45) and those working more than 5 days per week (aOR: 2.19, 95%CI: 1.23-3.91). Older age 
had a modest association with lower odds of HRI (aOR: 0.98, 95%CI: 0.96-0.99) and more than one break per day 
(aOR: 0.59, 95%CI: 0.35-1.00, p = 0.053) was associated with marginally lower HRI odds.
Conclusions: As climate change continues to intensify occupational heat exposure among agricultural workers, 
interventions should extend beyond purely workplace-focused efforts and address cumulative exposure, non- 
occupational factors and structural constraints. Report of heat-related sleep problems has been associated with 
HRI relatively recently. Future research should establish the occupational, structural, and biological pathways 
contributing to the increased HRI odds for women farmworkers.

1. Introduction

Extreme heat represents a growing occupational hazard for farm
workers in the United States, particularly in desert and semi-arid re
gions, where climate change is intensifying already dangerous working 
conditions (Arnold et al., 2020; Hulley et al., 2020; National Weather 

Service, 2024). Heat has emerged as the leading cause of 
weather-related mortality throughout the United States, and climate 
projections indicate continued increases in the frequency, duration, and 
severity of extreme heat events (Pierce et al., 2013; Thompson et al., 
2025). Because agricultural labor is predominantly performed out
doors and involves sustained physical exertion, farmworkers experience 
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disproportionate exposure to hazardous heat.
Physiological heat stress develops when internal heat production and 

external environmental heat overwhelm the body's thermoregulatory 
capacity. This process is influenced by ambient temperature, humidity, 
radiant heat, wind conditions, physical workload, and clothing (Jackson 
and Rosenberg, 2010; National Institute for Occupational Safety and 
Health, 2016). When heat stress is not adequately mitigated, workers 
may experience heat-related illnesses (HRI) ranging from dehydration 
and muscle cramps to heat exhaustion or heatstroke. Beyond acute 
illness, repeated heat exposure contributes to cumulative physiological 
strain and can exacerbate chronic conditions including cardiovascular 
disease, diabetes, hypertension, and kidney disease (Glaser et al., 2016; 
Johnson et al., 2019). Farmworkers in the United States report sub
stantial levels of HRI and, in California, over 10% suffered from acute 
kidney injury (AKI) (Bethel and Harger, 2014; Mirabelli et al., 2010; 
Moyce et al., 2016). In addition, studies consistently demonstrate 
elevated rates of heat-related mortality compared to the general work
ing population (Edgerly et al., 2024; Gubernot et al., 2014; Jackson and 
Rosenberg, 2010).

Heat-related health risk among farmworkers is shaped not only by 
environmental conditions but also by social, economic, and institutional 
factors that influence exposure, prevention, and response (Arcury and 
Quandt, 2020; Courville et al., 2016; Quesada et al., 2011). Farm
workers face intersecting vulnerabilities including low wages, limited 
labor protections, immigration-related concerns, language barriers, and 
constrained access to healthcare (Holmes, 2013). Economic insecurity 
can incentivize workers to continue laboring through hazardous con
ditions, delay rest or hydration, and avoid reporting symptoms of heat 
strain (Lam et al., 2013; Tigchelaar et al., 2020), while fear of job loss or 
immigration consequences further limits use of formal protections 
(Edgerly et al., 2024; Gubernot et al., 2014). Although regulatory 
standards exist to reduce occupational heat risk, their effectiveness de
pends heavily on implementation and enforcement. Access to water, 
shade, and rest remains uneven across agricultural worksites and is often 
mediated by supervisory discretion rather than enforceable thresholds 
(Cal/OSHA, 2005; Heinzerling et al., 2020). In complaint-driven 
enforcement systems, workers’ structural vulnerabilities limit the pro
tective potential of administrative controls, even when formal policies 
are in place.

Occupational heat exposure is also closely intertwined with non- 
workplace conditions and personal characteristics that influence re
covery and resilience. Adequate physiological recovery from heat stress 
requires access to cool environments and sufficient sleep, yet many 
farmworkers reside in housing with limited insulation, overcrowding, or 
inadequate air conditioning leading to elevated nighttime temperatures 
(Arcury and Quandt, 2020). In addition, although heat illness has his
torically been framed as a predominantly men occupational risk, 
emerging evidence suggests that women farmworkers may experience 
comparable or elevated vulnerability under certain working and social 
conditions (Arnold et al., 2020; Courville et al., 2016; Edgerly et al., 
2024). Therefore, gender differences and non-workplace related condi
tions should be taken into account when assessing risk factors for HRI.

California's Imperial Valley represents one of the most extreme 
agricultural heat environments in the United States. Summer tempera
tures frequently exceed 43◦C (109 ◦F) and direct solar exposure and high 
humidity associated with irrigation further increase the risk of heat 
stress (Parajuli et al., 2024). Between 2000 and 2017, Imperial County 
experienced the highest rates of heat-related injuries and diseases in 
California (Heinzerling et al., 2020). Recent analyses demonstrate that 
heat thresholds associated with elevated HRI risk are routinely exceeded 
during the growing season and are projected to worsen under future 
climate scenarios (Parajuli et al., 2024; Thompson et al., 2025).

Despite extensive documentation of occupational heat exposure 
among farmworkers, important gaps remain in understanding how 
structural, occupational, and non-workplace factors jointly shape heat- 
related illness risk, particularly across gender. The objective of this 

study was therefore to identify individual, occupational, and household 
factors associated with self-reported HRI among men and women 
farmworkers in Imperial Valley, California, with the aim of informing 
more effective and equitable HRI prevention strategies needed under 
intensifying climatic conditions.

2. Methods

2.1. Study design & setting

This cross-sectional study took place in the Imperial Valley, Cali
fornia, an area that is a major contributor to the U.S. winter vegetable 
supply and which relies on a predominantly immigrant agricultural 
workforce. This study was designed, reviewed, and implemented with 
assistance from a women-led community organization, Líderes Campe
sinas of California.

2.2. Participant recruitment and data collection

Participants were eligible for inclusion in the study if they were 18 
years of age or older, employed in agriculture, and planned on working 
and living in the Imperial Valley region for at least 6 months. Recruit
ment followed a non-probability convenience and snowball sampling 
approach for two years, across eight agricultural seasons, spanning 
Spring 2024 through Winter 2025, and was facilitated through Líderes 
Campesinas' established community networks. A bilingual, English/ 
Spanish, questionnaire was developed by the research team and 
reviewed by Líderes Campesinas to ensure cultural appropriateness, 
regional language relevance, and overall clarity. The questionnaire in
corporates items adapted from previously validated surveys assessing 
occupational heat stress and heat strain symptoms, including in
struments developed through the High Occupational Temperature 
Health and Productivity Suppression (HOTHAPS) Program (Kjellstrom 
et al., 2009; National Institute for Occupational Safety and Health, 
2016). The questionnaire was administered in person at each partici
pant's home and participants were asked to sign an informed consent 
form before starting. Questions covered sociodemographic information, 
living conditions, and working activities and conditions, including those 
related to occupational heat. For example, workers were asked about 
work intensity, clothing and hydration practices at work, and heat and 
cooling practices at home. Participants were also asked if they had 
suffered from any of the following heat-related symptoms since they 
started working at their current job: muscle cramps, headache, dizzi
ness, nausea, high body temperature, fainting, dry skin, fatigue, and dry 
mouth or lips. Research staff recorded questionnaire responses elec
tronically on tablets using REDCap software (Harris et al., 2009). All 
protocols were reviewed and approved by the San Diego Human 
Research Protection Program prior to implementation (Protocol 
#HS-2024-0081).

2.3. Data analysis

Data were exported from REDCap into R for data analysis (R Core 
Team, 2025). Participants with missing data on more than 20% of the 
items were excluded from the analysis (8 out of 308 participants). A total 
of 19 surveys were missing data but for fewer than 20% of questions. In 
line with previous studies, Heat-Related Illness (HRI) was defined as 
reporting at least three heat related symptoms (Fleischer et al., 2013; 
Mutic et al., 2018; Riccò et al., 2019). Differences in baseline charac
teristics by gender were evaluated using the Pearson's Chi-Square Test or 
the Wilcoxon Rank-Sum Test (“gtsummary” package). Linearity of the 
age-HRI association was assessed by comparing linear and restricted 
cubic spline models using a likelihood ratio test (“mice” package). 
Univariate logistic regression models were run for each of the 30 
pre-selected variables identified as potential risk factors based on the 
existing literature, biological plausibility, and their potential 
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associations with heat-related illness or the primary exposures of in
terest. Age, gender, and smoking status were considered core covariates 
and were retained in all multivariable models regardless of their uni
variable associations. Variables meeting the p < 0.20 threshold during 
univariate screening were considered for inclusion in the multivariable 
models. We fitted three models. Model 1 included a priory variables plus 
candidate predictors that met a p < 0.20 screening threshold. Model 2 
included the a priori variables plus candidate predictors meeting 
p < 0.05 threshold. Model 3 comprised the a priori covariates and the 
final predictor set retained after applying a change-in-estimate rule and 
comparing nested models using the Akaike information criterion (AIC). 
Considering the selected variables, 9 surveys had missing data. These 
missing values were filled using Multivariate Imputation by Chained 
Equations (MICE), using predictive mean matching (PMM) with the 
“mice” package, generating m = 5 imputed data sets. Estimates from 
each imputed dataset were pooled using Rubin's rules and three different 
multivariate logistic regression models were created using the imputed 
data. Adjusted prevalence odds ratios with 95% confidence intervals are 
reported. As a sensitivity analysis, results from the imputed data were 
compared to a complete-case analysis (n = 291), comparing the odds 
ratios, confidence intervals, and p-values. The sensitivity analysis 
demonstrated strong concordance between the two approaches. Odds 
ratios differed by less than 10% for the vast majority of variables across 
all models (range: − 6.6% to 8.7%). Confidence intervals showed sub
stantial overlap, and the direction and statistical significance of effects 
remained consistent. We evaluated three nested logistic regression 
models to identify factors associated with HRI. Performance of each of 
the three models was assessed using the Akaike Information Criterion 
(AIC), and calibration was evaluated using the Hosmer-Lemeshow 
goodness-of-fit test (“ResourceSelection”) and one final model was 
selected. More information on the initial models and evaluation criteria 
is included in the supplementary information. Collinearity among pre
dictors was assessed using variance inflation factors (VIF) calculated on 
the complete-case models (“car” package); all values were below 5, 
indicating no problematic collinearity. Influential observations were 
assessed using Cook's distance and residuals-versus-leverage plots; while 
a small number of observations exceeded the conventional Cook's dis
tance threshold, all values remained well below 1 and no observations 
combined high leverage with poor model fit. To explore potential effect 
modification by gender, we tested interaction terms between gender and 
each variable selected for the final model, using likelihood ratio tests 
(via the D1() function from the “mice” package). All data analysis was 
completed in R Studio version 4.5.1.

3. Results

A total of 300 participants were included for analysis. In the final 
sample, 175 (58%) were men, and 125 (42%) were women. Women 
workers were older than men workers with a median age of 49 years 
versus 40 years (Table 1). Women reported chronic disease more often 
(35% versus 15%), but reported less smoking (12% versus 30%) and 
alcohol consumption (15% versus 49%). Men workers were more often 
born in the United States (n = 58; 33%) compared to women (14%). Of 
the total sample, 119 workers (39.7%) reported experiencing HRI 
(Table 1). The most frequently reported symptoms were headache 
(n = 140, 45%), muscle cramps (n = 138, 45%), fatigue (n = 119, 39%) 
and having a very dry mouth (n = 111, 36%) (Table S1).

Women and men showed significant differences in employment 
patterns, workload, and heat-related exposures. Plant work (referred as 
crop production tasks involving direct plant contact) was the most 
common task among women (94%), while men farmworkers were more 
evenly distributed across maintenance work (47%), plant work (34%), 
and other tasks (19%) (Table 2). Men reported working more often 
under extreme heat conditions (90% versus 66%, p < 0.001) and were 
more likely to consume more than three water bottles per shift (93% 
versus 65%, p < 0.001), work more than five days per week (35% versus 

20%, p = 0.005), and be employed full-time (79% versus 64%, 
p = 0.004). Moreover, men were markedly more likely to be employed 
year-round (48%), compared with only 4% of women (p < 0.001), but 
men were less likely to use face coverings (59% versus 78%, p < 0.001). 
Despite these differences, both groups reported similar rates of heat- 
related training (p = 0.700), physically demanding work (p = 0.800), 
glove use (p = 0.600), and job tenure (p = 0.100), though women 
generally took more breaks during the workday (p = 0.010) (Table 2).

In the univariate analysis (Supplementary Table S5), higher odds of 
HRI were associated with women (n = 58; 46.4%, OR: 1.62, 95%CI: 
1.01, 2.59), heat-related sleeping problems (n = 22, 59.5%, OR: 2.54, 
95%CI: 1.27, 5.21) and using face covering (n = 106, 41.6%, OR: 2.27, 
95%CI: 1.36, 3.88). Older age (OR: 0.98, 95%CI: 0.97, 1), working in the 
northern Imperial Valley (n = 37, 31.9%, OR: 0.58, 95%CI: 0.36, 0.94), 
drinking more than three bottles of water per shift (n = 89, 36.5%, OR: 
0.5, 95%CI: 0.28, 0.89) and having more than one break per day (n = 68, 
35.4%, OR: 0.6, 95%CI: 0.37, 0.98) were associated with lower HRI- 
odds.

In the final multivariable logistic regression model (Fig. 1), partici
pants who reported sleep problems due to heat had over three times the 
odds of experiencing HRI (adjusted odds ratio (aOR): 3.21, 95%CI: 1.49- 
6.94). HRI odds were more than twice as high among women (aOR: 
2.37, 95%CI: 1.35-4.16) and participants working more than five days 
per week (aOR: 2.19, 95%CI: 1.23-3.91) and almost doubled for workers 
using face covering during work (aOR: 1.94, 95%CI: 1.09-3.45). Both 
each additional year of age (aOR: 0.97, 95%CI: 0.96-0.99) and taking 
more than one break per day (aOR: 0.59, 95%CI: 0.35-1.01) were 

Table 1 
Sociodemographic characteristics of farmworkers stratified by sex.

Total (n ¼
300)

Women (n ¼
125)

Men (n ¼
175)

p-value

n (%) n (%) n (%)

Age, median (IQR) 45 (32, 56) 49 (37, 58) 40 (29, 53) <0.001
Missing 1 0 1 ​

Diagnosed with a 
chronic disease

70 (23%) 44 (35%) 26 (15%) <0.001

Smoking 68 (23%) 15 (12%) 53 (30%) <0.001

Education level
Less than high school 169 (57%) 80 (65%) 89 (52%) 0.028
High school or above 127 (43%) 44 (35%) 83 (48%)

Country of birth
US 76 (25%) 18 (14%) 58 (33%) <0.001
Mexico 211 (71%) 103 (82%) 108 (62%)
Central America/ 

Caribbean
12 (4%) 4 (3%) 8 (5%)

Recent use of pain 
medication

101 (34%) 53 (43%) 48 (28%) 0.007

Missing 3 1 2 ​

Alcohol consumption 104 (35%) 19 (15%) 85 (49%) <0.001
Missing 1 1 0 ​

Air conditioning use (at home)
Always 235 (79%) 94 (76%) 141 (81%) 0.300
Not always 64 (21%) 30 (24%) 34 (19%)
Missing 1 1 0

Sleep problems due to 
heat

37 (12%) 11 (8.9%) 26 (15%) 0.120

Missing 1 1 0 ​

HRI*
No 181 

(60.3%)
67 (53.6%) 114 

(65.1%)
0.058

Yes 119 
(39.7%)

58 (46.4%) 61 (34.9%)

IQR: inter-quartile range; HRI*: heat related illnesses referring to farmworkers 
who experienced three or more heat related symptoms (summarized in 
Table S1).
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associated with marginally reduced odds of HRI. Region, glove use, and 
smoking status were not significantly associated with HRI in the final 
adjusted model (Fig. 1). No interactions were found between gender and 
the other statistically significant (or marginally significant) variables 
(age, working days per week, face covering use, sleep problems due to 
heat, and number of breaks) in models adjusted for all covariates, 
indicating that the associations between these predictors and HRI did 
not differ meaningfully between men and women. It is important to note 

that all odds ratios reported are prevalence odds ratios.

4. Discussion

This study examined individual, occupational, and household factors 
associated with heat-related illness (HRI) among men and women 
farmworkers in Imperial Valley, California. Consistent with a growing 
body of occupational heat research, our findings demonstrate that HRI is 
not driven by environmental exposure alone, but is shaped by work 
organization, recovery conditions, and structural constraints that govern 
workers’ ability to prevent or respond to heat strain (Arcury and 
Quandt, 2020; Edgerly et al., 2024; Gubernot et al., 2014). By inte
grating indicators of work intensity, protective practices, and 
heat-related sleep problems, this analysis contributes quantitative evi
dence to support conceptual frameworks that position heat illness as a 
cumulative and structurally mediated occupational health outcome.

A central finding of this study is that women farmworkers had more 
than twice the odds of HRI compared to men. While the existing evi
dence is sparse and somewhat mixed, several studies have documented 
gendered patterns of heat-related vulnerability in agricultural labor, 
including reports of higher HRI levels among women (Arnold et al., 
2020; Courville et al., 2016; Edgerly et al., 2024). Several mechanisms 
may help explain this elevated risk. Physiological differences may 
contribute, as women generally have higher percentages of body fat and 
higher resting core temperatures (Williams, 2021). However, 
non-biological factors could also play a role. For example, women 
farmworkers are often concentrated in specific tasks, such as plant or 
packing work, that involve sustained postures, repetitive motion, 
limited airflow, and prolonged exposure with fewer opportunities for 
self-pacing (Arcury and Quandt, 2020; Handal et al., 2025). Differences 
could also be related to reporting, as women may be more likely to 
recognize and report heat-related symptoms, whereas men may 
normalize or minimize illness due to workplace or gender norms 
(Courville et al., 2016). Finally, women in our study had a higher 
prevalence of chronic disease, which could impair thermoregulation or 
increase the risk of dehydration (Flouris et al., 2024). These findings 
reinforce the importance of conceptualizing gender as a structural and 
occupational determinant of HRI risk rather than a simple biological 
modifier.

The strongest predictor of HRI in this study was reporting sleep 
problems due to heat, which was associated with more than threefold 
increased odds of HRI symptoms. Elevated nighttime temperatures delay 
sleep onset, impair sleep duration and quality, disrupt thermoregula
tion, and exacerbate cardiovascular and metabolic strain (Buguet et al., 
2023; Meade et al., 2020; Minor et al., 2022). In occupational contexts, 
insufficient sleep and circadian disruption are associated with increased 
fatigue, reduced cognitive performance, and elevated injury risk 
(Kecklund and Axelsson, 2016; Wright et al., 2013). Notably, in the 
current study, all workers reported having air-conditioning at home, and 
the majority reported always using it. Moreover, only a relatively small 
proportion of participants reported heat-related sleep problems overall 
(8.3% among those without HRI and 19.0% among those with HRI), 
suggesting that nighttime heat exposure may be impact HRI odds among 
a vulnerable subset of workers. Why some workers with access to 
air-conditioning still experienced heat-related sleep disruption warrants 
further investigation, but potential explanations could include inade
quate capacity of air conditioning units given extreme high outdoor 
temperatures (Easton-Calabria et al., 2026) or underutilization of air 
conditioning due to concerns about electricity costs (Obradovich et al., 
2017). Taken together, these results highlight the critical role of night
time recovery in shaping cumulative heat strain and underscore the need 
to move beyond worksite-focused interventions to address the full 
exposure environment of farmworkers.

Other recovery-related factors also showed associations with HRI. 
Working more than five days per week was associated with significantly 
increased odds of HRI, suggesting that cumulative heat exposure and 

Table 2 
Occupational activities and factors of farmworkers stratified by sex.

Total 
(n = 300)

Women 
(n = 125)

Men 
(n = 175)

p-value

n (%) n (%) n (%)

Type of employment
All year 89 (30%) 5 (4.0%) 84 (48%) <0.001
Seasonal 211 (70%) 120 (96%) 91 (52%) ​

Working schedule
Fulltime 218 (73%) 80 (64%) 138 (79%) 0.004
Part time 82 (27%) 45 (36%) 37 (21%)

Working days per week
5 or less 213 (71%) 100 (80%) 113 (65%) 0.005
More than 5 86 (29%) 25 (20%) 61 (35%)

Working hours per day
8 or less 210 (70%) 87 (70%) 123 (71%) 0.800
More than 8 89 (30%) 38 (30%) 51 (29%)

Main Work tasks
Maintenance work 87 (29%) 5 (4.0%) 82 (47%) <0.001
Plant worka 178 (59%) 118 (94%) 60 (34%)
Vehicle, supervisors, 

pesticide applicators
35 (12%) 2 (1.6%) 33 (19%)

Time with current employer
1 year or less 93 (31%) 46 (37%) 47 (27%) 0.100
More than one year 206 (69%) 79 (63%) 127 (73%)

Time in current task
1 year or less 112 (37%) 55 (44%) 57 (33%) 0.068
More than one year 187 (62%) 70 (56%) 117 (67%)

Recently worked in 
extreme heat

241 (80%) 83 (66%) 158 (90%) <0.001

Received Heat Related 
Training

248 (83%) 105 (84%) 143 (82%) 0.700

Very physically 
demanding work

139 (46%) 57 (46%) 82 (47%) 0.800

Personal protective equipment
No Use of PPE 56 (19%) 32 (26%) 24 (14%) 0.008
PPE and does not 

increase heat
111 (37%) 49 (39%) 62 (36%)

PPE and increases heat 132 (44%) 44 (35%) 88 (51%)

Face covering use 200 (67%) 97 (78%) 103 (59%) <0.001

Using protective gloves 
at work

255 (85%) 108 (86%) 147 (84%) 0.600

Water consumption at work
Always 239 (80%) 93 (74%) 146 (84%) 0.043
Not always 60 (20%) 32 (26%) 28 (16%)

Water bottles consumed per work shift
3 or less 56 (19%) 44 (35%) 12 (6.9%) <0.001
More than 3 244 (81%) 81 (65%) 163 (93%)

Energy drink 
consumption at work 
or prior

175 (59%) 66 (53%) 109 (63%) 0.100

Number of breaks per work shift
1 or less 105 (35%) 33 (27%) 72 (41%) 0.010
More than 1 192 (65%) 90 (73%) 102 (59%)

a Crop production tasks involving direct plant contact; Abbreviations: PPE: 
personnel protective equipment | P-values were calculated through the Pearson's 
Chi-Square Test.
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limited inter-day recovery may impact HRI levels. While much of the 
heat-health literature focuses on daily maximum temperatures or 
within-shift exposure, repeated heat exposure across consecutive 
workdays may impose cumulative physiological strain. A meta-analysis 
showed that among workers who were frequently exposed to occupa
tional heat (defined as at least 6 h per day, 5 days per week, for 2 
months), 15% suffered from kidney disease or acute kidney injury, 
demonstrating the health risks of cumulative heat exposure (Flouris 
et al., 2018). In contrast, taking more than one break per day demon
strated marginally lower odds of HRI, consistent with the 
well-established evidence that rest breaks reduce heat strain (Fleischer 
et al., 2013; Riccò et al., 2019; Spector et al., 2015). However, break 
access is often mediated by supervisory discretion and production 
pressures rather than objective heat metrics. This undermines the pro
tective potential of rest, as farmworkers may forego breaks to avoid 
retaliation or wage loss associated with reduced productivity (Courville 
et al., 2016; Edgerly et al., 2024). These findings show how both work 
organization and structural constraints shape recovery opportunities 
and, therefore, HRI odds among farmworkers.

Face covering use was associated with increased odds of HRI in the 
adjusted model, illustrating a critical tradeoff between protection from 
other environmental and occupational hazards and heat stress. While 
face coverings and other personal protective equipment (PPE) are 
essential for reducing exposure to sun, dust, and pesticides, occupational 
health research consistently shows that clothing and equipment that 
restrict airflow or evaporative cooling can increase core body temper
ature and perceived exertion under hot conditions (National Institute for 
Occupational Safety and Health, 2016). This finding should not be 
interpreted as discouraging PPE use, but rather as evidence of the need 
for integrated protection strategies that minimize heat stress while 
maintaining safety from other hazards. Such strategies may include 
improved fabric design, task-specific PPE selection, additional rest or 
cooling periods for workers using heat-retaining equipment, and engi
neering controls that reduce reliance on personal protective measures 
alone (Cheveldayoff et al., 2023; Watson et al., 2019).

Each additional year of age was modestly associated with decreased 
odds of HRI. Although older age is often linked to greater physiological 
vulnerability to heat in the general population (Tony Wolf et al., 2023), 
occupational studies among farmworkers have reported mixed patterns 
(El Khayat et al., 2022). While slower metabolisms, weaker immune 
systems and an increased disease burden might increase older workers’ 
HRI risk, younger workers may be at increased risk due to a lack of 

maturity, training, skills, and experience (International Labour 
Organization, 2024). One potential explanation for the potentially 
protective effect of age is the “healthy worker survivor effect”, whereby 
workers who remain in physically demanding agricultural labor at older 
ages may represent a subgroup with greater heat tolerance, experience, 
or adaptive strategies (Meade et al., 2020; Spector et al., 2015). Older 
workers may also have greater autonomy over pacing or task selection, 
although such dynamics warrant further investigation.

4.1. Implications for prevention and policy

Together, these findings suggest that effective HRI prevention must 
extend beyond workplace-based technical controls, and address recov
ery, housing conditions, and structural constraints that limit workers’ 
ability to protect themselves from HRI. Policies that focus solely on 
water, shade, and rest during work hours may be insufficient in regions 
where nighttime heat, high electricity costs, and overcrowded housing 
undermine recovery. Integrating housing and energy assistance, 
strengthening enforcement mechanisms, and incorporating workload- 
and metric-based rest standards may be necessary to meaningfully 
reduce HRI risk. As climate change accelerates, identifying and 
addressing cumulative and structurally mediated pathways to HRI will 
be essential for protecting farmworker health. By quantifying associa
tions between gender, recovery, work intensity, and HRI, this study 
provides evidence to inform more comprehensive and equitable heat 
prevention strategies in agricultural settings.

5. Limitations

Several limitations should be considered when interpreting the 
findings of this study. First, this study relied on self-reported HRI 
symptoms rather than clinical diagnoses, which may introduce recall or 
reporting bias. However, symptom-based definitions of HRI are widely 
used in farmworker research (Fleischer et al., 2013; Mutic et al., 2018; 
Riccò et al., 2019) and capture a broader spectrum of heat-related 
morbidity that is often missed in administrative or clinical data. Given 
well-documented underreporting of occupational illness due to fear of 
retaliation or immigration-related concerns, self-reported symptoms 
may represent a conservative estimate of true burden. Second, exposure 
measures also relied on participants’ self-reported working and living 
conditions rather than direct environmental or physiological moni
toring. Although we examined a broad range of individual and 

Fig. 1. Forest plot with adjusted odds ratios for heat-related illness 
*** = P < 0.001; ** = P < 0.01; * = P < 0.05.
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occupational factors, some relevant variables could not be fully assessed, 
including information on specific crop types, exact task demands, 
employer-level heat prevention practices, housing quality, and energy 
affordability. As a result, residual confounding by variation in envi
ronmental heat, workload intensity, or housing characteristics is 
possible. Third, the cross-sectional study design limits the ability to draw 
causal inferences about the relationships between identified associated 
factors and HRI. Specifically, assessing HRI symptoms since the start of 
current employment alongside current exposure practices may intro
duce temporal misalignment and reverse-causation associations. 
Nevertheless, these current practices could serve as serve as reasonable 
proxies for persistent (occupational) conditions, offering valuable 
insight into co-occurring hazards even if exact temporal sequence 
cannot be verified. In addition, the observed associations are consistent 
with prior literature. Additionally, with an HRI prevalence of 39.7%, the 
prevalence odds ratios reported from the logistic models may overstate 
the corresponding prevalence ratios, so effect sizes should be interpreted 
with caution. Future studies integrating survey data with environmental 
monitoring and wearable sensors would strengthen causal inference and 
exposure assessment. Fourth, the study sample was recruited using 
non-probability convenience and snowball sampling methods through a 
trusted community organization. While this approach facilitated 
participation among a population that is often difficult to reach through 
traditional sampling strategies, it may limit generalizability beyond the 
study population. Finally, although we tested for effect modification by 
gender, the study may have been underpowered to detect more subtle 
interaction effects; therefore, null findings for interaction terms should 
be interpreted with caution.

6. Conclusion

In this study of farmworkers in Imperial Valley, California, we 
identified occupational, recovery-related, and individual factors asso
ciated with reporting HRI symptoms, highlighting heat as a cumulative 
and structurally mediated occupational health risk. The finding that 
women farmworkers faced more than twice the HRI odds compared to 
men underscores the need for future research to disentangle the occu
pational, structural, and biological pathways contributing to this 
disparity and to evaluate gender-sensitive approaches to heat illness 
prevention. Our findings demonstrating that impaired recovery plays a 
central role in shaping HRI odds, underscores the importance of exam
ining how labor organization and non-workplace conditions interact to 
influence vulnerability. Effective prevention must extend beyond the 
worksite to include recovery environments, housing conditions, and 
access to cooling. As climate change continues to intensify heat exposure 
in agricultural regions, interventions focused solely on workplace water, 
shade, and rest are unlikely to be sufficient without parallel efforts to 
address cumulative exposure, enforcement, and structural constraints. 
By quantifying pathways identified in prior qualitative research, this 
study contributes evidence to support more comprehensive and equi
table approaches to HRI prevention for farmworkers under a warming 
climate.
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