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Abstract

Objective: To estimate the impact of hydration interventions on postworkday hydration status 

and incidence of acute kidney injury (AKI).

Methods: Thirty agricultural workers were first monitored on a workday without any 

interventions. On the intervention workday, the same workers were randomized to one of two 

groups: 169 ounces (oz) (5 L) of plain water (n=16) or 169 oz (5L) of water with electrolytes 

(n=14).

Results: No participants in the electrolyte group had an estimate glomerular filtration rate 

(eGFR) at the end of the workday of less than 90 mL/min/1.73 m2 or met the criteria for AKI in 

comparison to the water group (eGFR < 90: 15%; AKI: 23%) or the control group (eGFR < 90: 

28%; AKI: 18%).

Conclusion: The study showed that drinking water with electrolytes may lower the risk for 

development of AKI among agricultural workers.
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Climate change has led to more frequent and intense heat waves.Nine of the warmest 

years on record have occurred since 2010.1 Bearing the brunt of climate change are 

vulnerable occupational groups that work outdoors, such as agricultural workers, who are 

at higher risk of heat-related fatalities,2 heat-related illness (HRI),3 and dehydration than 

other occupational groups.4,5 More recently, they have also been shown to be at risk of 

acute kidney injury (AKI) and chronic kidney disease of unknown etiology (CKDu).4–7 

Drinking enough water is an important factor in preventing HRI.8 The National Institute for 

Occupational Health and Safety (NIOSH) recommends drinking 24 to 32 ounces (oz) (0.7 to 

0.9 L) of water per hour when working in the heat to stay hydrated.8 Drinking sports drinks 

with balanced electrolytes is also recommend; however, NIOSH does not specify what is 

considered a balanced mixture of electrolytes or how much to drink.8

A study in Florida with 192 agricultural workers found that 53% of workers were 

dehydrated (urine specific gravity [USG] more than or equal to 1.020) pre-shift and 81% 

post-shift, and 33% of participants developed AKI on at least 1 of 3 workdays.4 Studies 

in Central America found that sugarcane workers who self-reported drinking water with 

electrolytes had a lower riskof developingAKI.7,9 In Guatemala, a study with 50 sugarcane 

workers compared the consumption of electrolyte solution at 2.5 L per day, 5 L per day, and 

10 L per day.6 While kidney function remained normal in the three groups, workers reported 

that 5 L was the best quantity to drink.6

As of yet, there are no field-based US studies of electrolyte interventions to protect 

agricultural workers from dehydration and AKI. The purpose of this study was to determine 

the feasibility of implementing hydration interventions in agricultural workplaces and to 

estimate the impact of the intervention on post-workday hydration status and incidence of 

AKI.

METHODS

Recruitment

In January 2020, in collaboration with the Farmworker Association of Florida (FWAF), 

trained community health workers (CHW) recruited a convenience sample of 113 

agricultural workers to participate in a longitudinal study to examine the inter-relationships 

between environmental heat exposure, physical exertion, biomarkers of renal function, 

persistence of AKI, and indicators of diminishing renal function over time. CHW recruited 

individuals from rosters that FWAF maintains of agricultural workers and during community 

outreach events.Agricultural workers worked primarily in the fernery, field crop, and nursery 

industries of the north-central Florida towns of Apopka and Pierson. Although the goal 

was to have equal representation of male and female agricultural workers,morewomen 

agreed to enroll in the study. Participants were assessed at four times between January 

2020 and July 2021. Informed consent was obtained at the first visit. Questionnaires were 

administered to participants by the FWAF team. Each data collection assessment included 

pre-shift and postshift workday visits. Participants provided urine and blood samples 

preand post-shift. Inclusion criteria for the longitudinal study included being between 

18 and 49 years of age and working in the agricultural sector for at least the last 4 

Chicas et al. Page 2

J Occup Environ Med. Author manuscript; available in PMC 2023 September 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



weeks at the time of enrollment. Workers were excluded if they reported being pregnant, 

had type I or 2 diabetes mellitus, were under treatment for hypertension, or reported a 

history of glomerulonephritis, pyelonephritis, renal calculi, or a snake bite. Publications are 

forthcoming on this longitudinal study.

In July 2021, CHW recruited a convenience sample of 30 agricultural workers from the 

longitudinal study described above, after they completed the workday assessment. Workers 

who consented to participate were scheduled for the hydration intervention on a workday 

and assessed pre- and post-work shift; their 4th longitudinal workday in the parent study 

was used in this analysis as their control day. The Institutional Review Board at Emory 

University provided approval (IRB00112681) for the study, and all participants provided 

informed consent. At the end of the workday, each participant received a US $70 gift card.

Intervention

This single-subject experimental study used an observational workday as the control 

condition to compare with the two hydration interventions. Subsequently, workers were 

randomized to one of two groups for the oral hydration workday intervention: 169 oz (5 

L) of plain water, or 169 oz (5 L) of water with an electrolyte solution based on the 

World Health Organization (WHO)-recommended oral rehydration formula (glucose 13.5 

g, trisodium citrate dihydrate 2.9 g, sodium chloride 2.6 g, potassium chloride 1.5 g per 

1 L).10 Research staff and participants were blinded to the a priori computer-generated 

randomization schedule; water bottles were distributed to the participants as randomized by 

a study team member at the FWAF office. Each participant on the intervention day received 

two 84.5 oz (2.5 L) water bottles filled with their assigned beverage. Participants were 

encouraged to drink as much of the fluids as they could throughout their workday. At the 

post-workday visit, we documented fluid remaining in the bottles and confirmed that the 

participant did not share the beverage with others. On both days, a post-workday survey 

collected self-reported consumption of selfprovided beverages(water, soda, diet soda, energy 

drinks, sports drinks, tea, coffee, alcohol, and other). Beverage consumption per hour was 

estimated by total consumption divided by self-reported work hours.

Procedure

Baseline demographics of the participants were retrieved from the longitudinal study, 

which included sociodemographic questions and anthropometric measurements. Both on 

the control and intervention workdays, participants provided urine and blood samples pre- 

and post-shift. USG was measured using a digital refractometer (Atago PAL-10S digital 

refractometer, Bellevue, WA). Pre-shift and post-shift USG values were categorized into 

values of more than or equal to 1.020 (dehydrated) or less than 1.020 (euhydrated). 

Creatinine and blood urea nitrogen (BUN) were used to indicate kidney function and 

measured by finger-stick blood samples that were analyzed with an iSTAT Blood Analyzer 

with CHEM 8+cartridges (Abbott Point of Care, Inc., East Windsor, NJ). Theþ Chronic 

Kidney Disease Epidemiology Collaboration (CKD-EPI) equation was used to estimate 

glomerular filtration rate (eGFR).11 We categorized eGFR into two categories: more than 

or equal to 90 mL/min/1.73 m2 (normal) or less than 90 mL/min/ 1.73 m2 (reduced 

kidney function). Development of AKI over thework shift was defined using the Kidney 
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Disease Improving Global Outcomes (KDIGO) criteria12: incident AKI over the workday 

was considered to be present if serum creatinine values after the work shift increased at least 

0.3 mg/dL from values before work or the ratio of post- to pre-shift values was more than 

or equal to 1.5.12 Temperature and relative humidity data during the study workdays were 

retrieved from the Florida Automated Weather Network (FAWN) and used to calculate a 

daily average heat index for each participant. FAWN is a 42-station weather data collection 

network spanning the length and breadth of mainland Florida for agricultural purposes. 

Based on each participant’s work hours, we quantified exposure by extracting weather data 

summaries from FAWN and calculated heat index (HI) by using the National Weather 

Service algorithm.13

Statistical Analysis

Descriptive statistics were reported as mean and standard deviation, median and quartiles, 

and percent and sample size. Analyses were performed using SAS 9.4 software (SAS 

Institute Inc., Cary, NC).

RESULTS

The study sample included 30 agricultural workers who were monitored on 2 workdays (1 

control workday and 1 intervention workday), with 16 workers randomized to the water 

group and 14 to the electrolyte group. The heat index during working hours was very similar 

for the two intervention groups on both the control day and intervention day. The electrolyte 

group was on average older in age, had more years working in agriculture, worked slightly 

fewer hours, and drank less fluid compared with the water group (Table 1). Both intervention 

groups drank substantially more on the intervention day than on the control day.In addition 

to the 5L offluids that we provided, some participants drank other beverages, primarily small 

amounts of water or sugary drinks. Fluid consumption per hour nearly doubled in both 

groups to 15 ounces on the intervention day. The water group was well hydrated at the 

post-workday visit with a median USG of 1.005 (Q1 1.002, Q3 1.009) while the median 

USG in the electrolyte group was 1.018. Among the water group, there was a larger drop in 

median eGFR on the intervention day than on the control study day (114.2 to 104.9 vs 115.6 

to 111.4, respectively). In contrast, participants in the electrolyte group had increased eGFR 

on the intervention day (120.1 to 124.7) compared with a 10 unit drop in afternoon eGFR 

on the control day (122.5 to 112.3). The number of participants with post-workday eGFR 

less than 90 mL/min/1.73 m2 declined from the control to intervention day by 5 (5 v 0) in 

the electrolyte group compared with 1 (3 v 2) in the water group. The incidence of AKI was 

reduced from 30%to0% in the electrolyte group and increased from 9%to23%in the water 

group.

DISCUSSION

This is the first field-based study to pilot test hydration interventions among agricultural 

workers in the United States and demonstrates that it is feasible to implement hydration 

interventions in agricultural workplaces. The study showed that drinking water with 

electrolytes may lower the risk for the development of AKI among agricultural workers, 
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supporting previous research findings.7,9 Provision of water and encouragement of its 

consumption improved hydration but did not protect workers from developing AKI.

Maintaining adequate hydration and electrolyte balance during prolonged bouts of physical 

activity in high environmental temperatures is essential to homeostasis, enabling improved 

blood flow to the skin for heat dissipation.14 Prolonged exposure to heat may lead to isotonic 

losses of both water and electrolytes through sweat.15 The kidney can preserve GFR in states 

of mild fluid losses, which may only lead to dehydration that can be replaced solely by 

water.16 However, severe fluid losses lead to volume depletion which causes a decrease in 

GFR.16,17 The water group showed that the increase in water consumption decreased the 

proportion of participants with an eGFR less than 90 mL/min/1.73 m2 but did not protect 

workers from less severe AKI. In this setting it is preferable to give isotonic solutions 

with electrolytes to restore blood volume and reverse loss in GFR, which may explain the 

favorable results with the electrolyte solutions.16,17

Our findings present preliminary evidence of the beneficial effect of ingesting isotonic 

solutions when working in heat; however, our small sample size limits the ability to 

demonstrate statistically significant differences between the two hydration interventions. 

Additionally, we were not at the participants’ work site to observe consumption of the 

provided fluids and of other beverages. Further studies with larger sample sizes are 

needed to further quantify the beneficial effects of isotonic liquids on preventing AKI. 

In addition, different agricultural work types with various degrees of occupational heat 

exposure are needed to assess the optimum quantity of electrolyte fluid hydration needed 

to protect workers from AKI and dehydration. This should be examined in conjunction 

with studying what factors will improve regular daily beverage consumption since we 

found that even though we provided fluids and encouraged drinking throughout the day, 

consumption increased but not to the quantities recommended by NIOSH. The participants 

were predominantly overweight, which may impact generalizability; however, recent studies 

have shown agricultural workers are generally overweight.18,19

With the association of extreme heat temperatures and increased risk for the developing 

AKI and dehydration among agricultural workers, it is essential that we study hydration 

intervention strategies to protect vulnerable outside workers from adverse health effects due 

to climate change.
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