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Hydration Status, Kidney Function, and Kidney Injury
in Florida Agricultural Workers
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Objective: Recent findings suggest that laboring in hot occupational envi-
ronments is related to kidney damage in agricultural workers. We examined
hydration status and kidney function in 192 Florida agricultural workers.
Methods: Blood and urine samples were collected over 555 workdays
during the summers of 2015 and 2016. Urine-specific gravity (USG), serum
creatinine, and other kidney function markers were examined pre- and post-
shift on each workday. Multivariable mixed modeling was used to examine
the association of risk factors with hydration status and acute kidney injury
(AKI). Results: Approximately 53% of workers were dehydrated (USG
>1.020) pre-shift and 81% post-shift; 33% of participants had AKI on at
least one workday. The odds of AKI increased 47% for each 5-degree (°F)
increase in heat index. Conclusion: A strikingly high prevalence of dehy-
dration and AKI exists in Florida agricultural workers.

Keywords: agricultural workers, climate change, dehydration, heat
exposure, kidney injury

BACKGROUND

gricultural workers routinely perform intense work activities in

hot and humid conditions and are at a high risk of adverse
health outcomes as a result of the environments in which they work.
Average annual heat-related mortality in agricultural workers is
nearly 20 times greater than that of the overall U.S. workforce'? and
heat-related morbidity has been reported to be more than four times
greater than for nonagricultural workers.® Immigrant workers are at
a particularly high risk for heat-related illness (HRI), and high
burdens of symptoms are experienced in this population.*~® It is
well documented that immigrant agricultural workers have little
control over their work environments’~'° and often do not receive
adequate access to water, shade, or rest breaks.

Although acute health symptoms and illnesses related to heat
exposure in agricultural workers have been described, recently,
there has been more interest in whether these workers are also at
an increased risk of kidney disease. It has been hypothesized that
occupational heat exposure and dehydration are related to the
epidemic of chronic kidney disease of unknown etiology (CKDu)
in Mesoamerica, among those who lack the traditional risk factors of
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CKD such as old age, obesity, diabetes, hypertension, and nephro-
toxic drug use.'""'?

The estimated glomerular filtration rate (eGFR) is a clinical
assessment for kidney function, which decreases as kidney function
declines, and can be estimated using serum creatinine and demo-
graphic information.'®> When dehydration leads to severe volume
depletion in the body, the glomerular filtration rate can fall.'*
Although previously thought to be innocuous as long as rehydration
occurs, chronic recurrent dehydration with volume depletion is
hypothesized as a factor that may lead to CKD via vasopressin
release, cortical aldose reductase activation leading to endogenous
fructose production and uric acid, as well as hyperuricemia from
heat-associated dehydration in the 4presence of subclinical rhabdo-
myolysis from strenuous activity.'

The majority of the U.S. agricultural workforce are immi-
grants from Mexico and Central America, but most of the studies
examining kidney injury in agricultural workers have been per-
formed in Central America. In a cross-sectional study performed in
189 male sugarcane cutters in El Salvador, it was found that
measures of dehydration (urine-specific gravity, USG, urine osmo-
lality) increased from pre- to post-shift, and 12% had a reduced
eGFR (<60mL/min/1.73m?)."> Another cross-sectional study of
194 males working as subsistence farmers, construction workers,
and sugarcane cutters in Nicaragua found that sugarcane cutters had
a higher prevalence of kidney dysfunction than construction work-
ers and small-scale farmers; 16% of sugarcane cutters had reduced
eGFR (< 80 mL/min/1.73 m?), suggesting that dehgdration-related
blood volume depletion is related to kidney injury.'? A longitudinal
study in Nicaragua followed 284 sugarcane workers before and after
a harvest season and found that field workers had decreased eGFR
as compared with nonfield workers,'® as well as a higher relative
mean of neutrophil gelatinase-associated lipocalin (NGAL) and
interleukin 18 (IL-18)."” NGAL is an early indicator of kidney
injury that may be elevated before changes in serum creatinine, and
subsequently, before changes in eGFR.'®' Self-reported water
intake was not associated with eGFR or kidney injury markers,
but electrolyte supplementation use was associated with reduced
kidney function in cane cutters and seed cutters.'” A recent study
reporting renal function in 295 agricultural workers in the Central
Valley of California studied for one workday found that approxi-
mately 12% of the workers had cross-shift increases in serum
creatinine consistent with the Kidney Disease Improving Global
Outcomes (KDIGO) criteria for acute kidney injury (AKI), a risk
factor for CKD.? In this same population, heat strain was found to
be associated with AKI, but measures of hydration status were not
considered.?!

In Florida, the temperature in summer can reach dangerously
high values. The objective of this study was to examine markers of
hydration status and kidney function among immigrant agricultural
workers in Florida during the hot summer months. Specifically, we
aimed to (1) describe hydration status and kidney function markers
among agricultural workers pre- and post-shift on three consecu-
tive workdays; (2) investigate personal, work, and environmental
factors associated with hydration status, and (3) evaluate the
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incidence of AKI during the workday and factors associated with
its development.

METHODS

Study Design and Population

The Girasoles (Sunflower) study of heat exposure among
immigrant agricultural workers was conducted by academic
researchers in partnership with the Farmworker Association of
Florida (FWAF). The overall objective of this collaborative study
was to investigate physiologic indicators of HRI in agricultural
workers laboring in hot occupational environments in Florida. The
FWAF is a grassroots, statewide, community-based membership
organization with a 35-year history of working with the agricultural
worker community. Members of the FWAF were part of the research
team and participated in all phases of developing the project,
including recruiting research participants and collecting data.

Trained community partners recruited a convenience sample
of agricultural workers through community outreach activities.
Agricultural workers lived in three different communities, and
the primary work activities and conditions differed substantially
between communities. Fernery workers were recruited between
May and July 2015 in the central Florida town of Pierson, known
as the “Fern Capital of the World.” Harvesting ferns involves
intense physical activities, including bending over, thrusting arms
into masses of ferns, and cutting the fronds at their base. Fernery
workers labor in fields enclosed on all sides and across the top by
porous black shade cloth or less frequently, under tree canopy.
Nursery workers were recruited in August 2015 and June 2016 in the
central Florida town of Apopka, FL community, known as the
“Foliage Capital of the World.” Work tasks at nurseries are varied
and include planting at conveyor belts; loading pots of plants onto
trays; and loading and carrying trays, boxes, or bags of soil. Most
nursery workers labor inside greenhouse structures enclosed with
nonporous heavy plastic. Field crop workers were recruited in
September and October 2016 in the southwest Florida town of
Immokalee, notable for its tomato crop. During data collection,
workers were preparing fields for planting that included placing
plastic over the growing rows, implanting growing stakes, and
planting young tomato plants. Most field crop workers labor in
open fields with limited protection from the direct sun.

Agricultural workers were eligible to participate in the
Girasoles study if they were between 18 and 54 years old and
had been working in agriculture for at least 1 month preceding their
participation. Workers were excluded if they reported a history of
Type 1 diabetes or were currently pregnant. Consented participants
reported to the study site for a baseline clinical and survey assess-
ment (on a nonworkday), followed by pre- and post-shift clinical
assessments for up to three consecutive workdays in a single week.
All study procedures were reviewed and approved by the Emory
University Institutional Review Board; participation of human
subjects did not occur until after informed consent was obtained.

Data Collection

Survey Data

At the baseline assessment, a survey adapted from an occu-
pational HRI questionnaire used previously with the immigrant
agricultural population* was administered to workers in their pri-
mary language by trained research partners. Sociodemographic
characteristics queried included age, gender, country of origin,
and years of education. Health and lifestyle-related characteristics
included history of hypertension, history of type 2 diabetes, and
smoking status (ever, never). Work-related characteristics included
primary work type (fernery, nursery or field crop work), number of
years in agriculture, usual number hours worked per day, access to

clean water and toilets at the workplace, and types of beverages
consumed at home and at work (water, sports drinks, energy drinks,
soda, juice, coffee, and alcohol).

Clinical Data

Clinical and anthropometric measurements were taken by
trained research staff. Body mass index (BMI) was calculated from
height and weight (kg/m*) measured at the baseline assessment and
was classified based on WHO recommendations for obesity (BMI
230).22 Resting heart rate was measured at the baseline visit and was
categorized using the American Heart Association recommended
criteria of systolic and diastolic values: normal (<120/80), prehy-
pertension (120—139/80—89), or hypertension (>140/90).%

Urine and blood samples were collected during the baseline
and pre- and post-shift visits. Workers were provided with a sterile
specimen cup to collect their first morning void to bring to the study
site before work. At the end of the work day, participants returned
and provided another urine sample. USG is a dimensionless mea-
surement that is widely used to measure hydration status in the field
setting®® that ranges from 1.000 for pure water to 1.050, the
maximum concentration capacity of the renal system.”> USG
was measured using a Reichert TS Meter-D automatic digital
refractometer (Fisher Scientific, Pittsburgh, Pennsylvania), which
measures USG with a precision of 0.001.%° Blood samples were
obtained by finger prick and were analyzed with an iSTAT Blood
Analyzer with CHEM 8+ cartridges (Abbott Point of Care, Inc, East
Windsor, NJ) that measured serum creatinine, and blood urea
nitrogen (BUN). Urine protein was assessed semi-quantitatively
using a urine dipstick (Consult Diagnostics 10SG Urine Reagent
Strips; McKesson Medical Surgical Inc., Richmond, VA).

Hydration Status and Kidney Function Indicators

Pre-shift and post-shift USG values were categorized into
values at least 1.020 or less than 1.020, based upon the hypohydra-
tion threshold guideline of the American College of Sports Medi-
cine.?” USG values more than 1.030 were considered to represent
severe clinical dehydration.>*?® Indicators of kidney function exam-
ined were serum creatinine, eGFR, serum BUN, and urinary protein.
Serum creatinine was categorized according to sex-specific normal
range limits: at least 1.1 mg/dL (males) and at least 1.3 mg/dL
(females). The Chronic Kidney Disease Epidemiology Collabora-
tion (CKD-EPI) equation was used to estimate eGFR, which is
based on serum creatinine, age, and race.'® We categorized eGFR
into less than 90 and at least 90 mL/min/1.73 m?, as too few of the
workers in our sample had values below 60 mL/min/1.73 m?, the
cutoff value associated with chronic kidney disease. High serum
BUN was (>20 mg/dL) and high urinary protein (>30 mg/dL) were
other kidney dysfunction parameters of interest. Development of
AKI over the work shift was defined using the Kidney Disease
Improving Global Outcomes (KDIGO) criteria,” which is defined
as serum creatinine change at least 0.3 mg/dL over 48 hours, or
serum creatinine increase at least 1.5 times a baseline value within
the prior 7 days. 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 least 1.5 times the pre-
shift measure. The stages of AKI were defined as stage 1 (serum
creatinine increase of >0.3mg/dL or 1.5 to 1.9 times the value
before work), stage 2 (serum creatinine after work 2.0 to 2.9 times
the value before work), and stage 3 (serum creatinine after work
>3.0 times the value before work).30

Environmental Conditions

Heat index (HI) is used widely in environmental health
research for estimating heat exposure and is used as an approxima-
tion of “‘apparent temperature,” which combines air moisture and
temperature into a sing%le scale, and is expressed in the same units of
air temperature (°F).*" We calculated HI in this study by using the

e254 © 2018 American College of Occupational and Environmental Medicine

Copyright © 2018 American College of Occupational and Environmental Medicine. Unauthorized reproduction of this article is prohibited



JOEM e Volume 60, Number 5, May 2018

Kidney Function in Florida Agricultural Workers

National Weather Service (NWS) algorithm, which correlates well
with the original algorithm developed by Steadman.*’ Ambient
temperature and relative humidity data during the study period work
days were obtained from the Florida Automated Weather Network
(FAWN),*? and were used to calculate a daily average HI for each
participant. FAWN collects data every 15 minutes on environmental
conditions from 35 monitoring stations throughout the state of
Florida; a monitoring station was located in each of the three
study communities.

Statistical Analysis

The distributions of hydration and kidney function measures
on all workdays were examined using normality plots and summary
statistics. We utilized all data points to calculate pre-shift and post-
shift mean values for continuous variables and proportions for
categorical variables using the PROC GLIMMIX procedure in
SAS, adjusting for the nested levels of the data structure (multiple
workdays per participant, pre-shift and post-shift measurements
within a workday, and members within the same household).

Factors analyzed for their association with USG more than
1.020 were selected a priori based on risk factors that have been
identified in the literature as associated with dehydration. These
factors included age, gender, time of day (pre- or post-workday);
gender by time of day interaction; primary work type (fernery,
nursery, or field crop); number of hours worked per day; BMI;
self-reported types of beverages consumed during hot and humid
weather (juice, soda, energy drinks, and sports drinks), and
average HI corresponding to the workday. Age, years of educa-
tion, BMI, years worked in agriculture, hours worked per day, and
mean HI were entered into the models as continuous variables.
First, a generalized linear mixed model (GLMM) with the three
random effects representing the three nested levels of the data
structure was examined; the model was simplified by eliminating
the terms representing clustering of daily measurements and
household, as they did not contribute to the total variance.
Starting with a full model of all fixed and two random effects,
variables were eliminated on the basis of Akaike Information
Criteria (AIC) and Bayesian Information Criteria (BIC) fit sta-
tistics (lower values indicating a better fit). Modeling assump-
tions were confirmed by using data visualizations including
residual plots and scatterplots.

The associations of incident AKI with a priori risk factors
(HI, hydration status, sociodemographic, and health-related and
work-related characteristics) were examined using the same GLLM
model selection strategy. For these models, we used the categories
“no indication of dehydration before or after work,” ““dehydrated
before work only,” ““dehydrated after work only,” and *‘dehydrated
both before and after work.” Age, sex, nationality, and hydration
status were retained in all models regardless of statistical signifi-
cance. SAS version 9.4 (SAS Institute Inc., Cary, NC) was used for
all statistical analyses.

RESULTS

The study sample included a total of 192 agricultural workers
who provided baseline data and 555 workdays in three primary work
settings: 35% fernery, 31% nursery, and 41% field crop. The mean
age was 38 (SD 8.2) years, 60% were female, 63% listed Mexico as
their country of origin, and the average years of education was 6.5
(SD 3.5) (Table 1). The average BMI was 27.9 (SD 4.3) for males
and 29.2 (SD 4.5) for females, with females more likely to be obese
(41% vs 26%). Six percent of workers reported a history of
hypertension, and 23% were hypertensive on the basis of observed
blood pressure measurements and 6% reported a history of type 2
diabetes. On average, agricultural workers in our sample reported
working 7.5 (SD 2.1) hours per day. The mean ambient daytime
temperature for the study period (6 AM to 6 PM) was 83°F (range

TABLE 1. Study Sample Characteristics of Florida
Farmworkers Girasoles Study 2015-2016 (n=192)

Demographic
Characteristics Mean + SD n (%)
Age, years 38.0£8.2 38.0+8.2
Gender
Male 76 (40%)
Female 116 (60%)
Nationality
Mexico 124 (65%)
Guatemala 34 (16%)
Haiti 26 (13%)
United States 3 (2%)
Other' 8 (4%)
Years of education 6.5+3.5
Lifestyle factors Mean + SD n (%)
BMI
Male 27.9+4.2
Female 292445
BMI >30
Male 20 (26%)
Female 47 (41%)
History of hypertension 12 (6%)
Blood pressure
Normal (<120/80) 63 (33%)
Pre-hypertension (120—139/ 84 (44%)
80-89)
Hypertension (<140/90) 45 (23%)
History of diabetes 12 (6%)
Smoking status
Ever smoked 27 (14%)
Never smoked 165 (86%)
Work Characteristics Mean + SD n (%)
Years worked in agriculture 12.0+7.8
Hours worked per day 75+15
Primary work type
Nursery 59 (31%)
Fernery 67 (35%)
Crop 66 (34%)
Employer provides clean 172 (90%)
drinking water
Drink more of beverage at work
Water 188 (98%)
Sports drinks 132 (69%)
Soda 96 (50%)
Juice 74 (39%)
Energy drinks 31 (16%)
Coffee 18 (9%)
Alcohol 4 (2%)
Access to toilet at work 171 (89%)

64°F to 100°F); average relative humidity was 77% (range 40% to
100%) and average HI was 89°F (range 64°F to 111°F).

The mean USG increased significantly from 1.020 (range
1.008 to 1.031) at the pre-shift assessment to 1.024 (range 1.003 to
1.035) at post-shift (Table 2); the pattern of increase was similar
across the three workdays with no evidence of worsening dehydra-
tion as the week progressed (Fig. 1). On a typical workday, the
proportion of agricultural workers who had pre-shift USG values
indicating dehydration (USG >1.020) was 53%, increasing to 81%
at post-shift. Approximately 3% of agricultural workers had USG
values indicating a clinically dehydrated state (USG > 1.030) pre-
shift, which increased to 13%, post-shift.
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TABLE 2. Hydration and Kidney Function Markers Among Florida Farmworkers; Girasoles Study 2015-2016 (n=192)

Pre-shift™” (n =190)

Post-shift™ (n =192)

Mean (SE) or % Mean (SE) or % P
Hydration markers
Urine-specific gravity (USG) 1.020 (0.0004) 1.024 (0.0004) <0.0001
USG >1.020 53% 81% <0.0001
USG >1.030 3% 13% <0.0001
Kidney function markers
Serum creatinine, mg/dL 0.70 (0.01) 0.81 (0.01) <0.0001
Above sex-specific limits or change >0.3 mg/dL*® 31%
eGFR, mL/min/1.73 m? 112.8 (1.22) 102.5 (1.21) <0.0001
eGFR <90 mL/min/1.73 m* 5% 25% <0.0001
BUN, mg/dL 14.5 (0.32) 15.8 (0.32) <0.0001
BUN >20mg/dL 7% 10% 0.03
Urine protein >30mg/dL 2% 10% <0.0001
Acute kidney injury (AKI)®
AKI, any 33%
AKI stage 1 31%
AKI stage 2 3%
AKI stage 3 0.5%

“The nested data structure of multiple values per person and individuals living in the same household were taken into account when calculating summary measures using the

PROC GLIMMIX SAS function.

"Number of participants for day 1 was n= 192, day 2 was n = 188, and day 3 was n = 175; not all participants had both before and after work values (555 days of observations

before work and 525 days of observations after work).

“Significance for the comparison of pre- and post-shift values, adjusting for random effects.
dSex—speciﬁc limits for serum creatinine are >1.3 mg/dL for males and >1.1 mg/dL for females.

°Met criteria on at least one workday.

On average, serum creatinine increased from 0.70 mg/dL
(range 0.37 to 1.50) to 0.81 mg/dL (0.43 to 1.63 during the work
day); 31% of participants had at least 1 day with a level above sex-
specific limits or an increase of >0.3 mg/dL during the day. The
average eGFR of the workers before work was 112.8 mL/min/
1.73 m? (range 44.0 to 147.9), which decreased over the workday
to 102.5mL/min/1.73 m? (range 38.0 to 140.8). The proportion of
workers with an eGFR less than 90 mL/min/1.73 m? at the pre-shift
assessment was 5%, which increased to 25% post-shift. Average
BUN increased slightly from 14.5 (range 3.3 to 28.3) at pre-shift to
15.8 (range 4.0 to 28.7) at the post-shift assessment; the proportion
of BUN more than 20mg/dL increased from 7% to 10%. The

proportion of workers with more than trace values of urinary protein
increased from 2% at pre-shift to 10% at post-shift. One-third of
workers with available serum creatinine data experienced AKI on at
least one observed workday (63/187), 11 of these had multiple days
of AKI. Most of these workers experienced stage 1 AKI (59/187),
with stage 2 and 3 AKI being less common (6/187 and 1/187).
In models examining risk factors for USG more than 1.020,
each 10-year increase in age was associated with a 32% lower
likelihood of USG more than 1.020 [odds ratio (OR)=0.68, 95%
confidence interval (95% CI): 0.48 to 0.98]. Workers were four
times as likely to have USG more than 1.020 post-shift (OR = 4.06,
95% CI: 2.99 to 5.52) than pre-shift (Table 3). Point estimates

FIGURE 1. Urine-specific gravity by
time of urine collection among Florida
farmworkers, Girasoles Study 2015-
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TABLE 3. Factors Associated With Urine-Specific Gravity Among Florida Agricultural Workers; Girasoles Study 2015-2016

Urine-Specific Gravity >1.020

OR (95% CD)" OR (95% CI)

Age (per 10 years)
Gender (male = ref)
Nationality (ref =Mexico)
Other
Years of Education
Body mass index
History of hypertension (ref =no)
Blood pressure [ref =normal (<120/80)]
Prehypertension (120—139/80-89)
Hypertension (<140/90)
History of diabetes (ref =no)
Yes
Primary work type (ref = nursery)
Fernery
Crops
Years worked in agriculture
Hours worked per day
Drinks more sports drinks at work (ref =no)
Drinks more energy drinks at work (ref =no)
Drinks more juice at work (ref =no)
Drinks more soda at work (ref =no)
Mean Heat Index?
Time of day (ref =am)

0.68 (0.48, 0.98) 0.81 (0.61, 1.06)
0.62 (0.35, 1.11) -

1.18 (0.58, 2.40) —
0.98 (0.90, 1.06) —
1.05 (0.99, 1.12) —
1.09 (0.34, 3.54) —

1.37 (0.76, 2.46) _
1.50 (0.69, 3.29) —

0.99 (0.35, 2.82) —

1.79 (0.87, 3.69) —
1.43 (0.67, 3.04) —
1.01 (0.96, 1.05) —
0.98 (0.79, 1.23) —
1.06 (0.60, 1.88) —
1.19 (0.62, 2.32) -
0.74 (0.43, 1.27) —
1.46 (0.89, 2.39) —
1.04 (0.87, 1.24)

4.06 (2.99, 5.52) 3.81 (2.85, 5.08)

“Full model, mutually adjusting for all other variables in the model.
"Reduced model, keeping only variables with P < 0.05.
*Heat index units are per 5 degrees Fahrenheit.

suggest that females were less likely to be dehydrated, and workers
in fernery or field crops, or workers who drank soda at work were
more likely to be dehydrated. However, these results were not
significant. In a reduced model including age and time of day,
age did not remain significant.

In the final model examining risk factors for of AKI with
mean HI (Table 4), it was found that each 5-degree increase in the HI
was associated with a 47% increase in the likelihood of AKI
(OR=1.47, 95% CI: 1.14 to 1.90). Point estimates suggest that
females may less likely to have AKI (OR =0.72, 95% CI: 0.41 to
1.29) and dehydration may be associated with increased AKI, but
were not statistically significant.

DISCUSSION

There has been limited examination of hydration status, heat
exposure, and kidney function in the U.S. agricultural workforce,
although there is a substantial body of evidence emerging among
Central American agricultural workers. In this study of Florida
agricultural workers, a strikingly high proportion of workers were
dehydrated before starting work shift and this dehydration had
increased substantially by the end of the workday. A high proportion
of the workers in our study had at least one day with a creatinine
level above sex-specific limits or an increase of at least 0.3 mg/dL
during the day. Additionally, higher heat indices were found to
be significantly associated with increased incidence of AKI over
the workday. These findings suggest that AKI is occurring in the
U.S agricultural workforce exposed to hot working environments.

The prevalence of dehydration in this sample was comparable
to hydration status studies on that used USG measures with other
occupational groups laboring in hot conditions, including sugarcane
workers in Central Arnerica,15 33 construction and industrial work-
ers in the Middle East,z“‘34 and underground mine workers in
Australia.® Overall, these studies indicate that workers laboring
in hot outdoor settings are dehydrated before work. In a study of

sugarcane workers in Central America, mean pre-shift was USG
1.016 and increased to 1.020 (range 1.003 to 1.037) at the post-shift
assessment (P < 0.001)."> In Nicaragua, a cross-sectional preva-
lence study of sugarcane workers, construction workers, and agri-
cultural workers reported pre-shift USG levels at least 1.030 of 15%,
29%, and 20%, respectively.>® In a cohort of construction workers in
Iran, mean USG among a group who worked in the sun was
significantly higher than those who worked in the shade [USG
1.026 (SD 0.0026) and 1.0213 (SD 0.0054), respectively].>* An
increase in USG of 0.005 could be clinically meaningful if this
pushes a worker’s USG over the 1.020 or 1.030 thresholds for
hypohydration and severe clinical dehydration, respectively.*7*8
Our findings, and that of other studies indicate that many workers
start their work shift dehydrated, which warrants efforts to
increase prevention in this population. Future research and outreach
efforts should include educating workers about the importance of
hydration post-work shift, to facilitate recovery after working in
hot conditions.

There are limited data that exist examining AKI in agricul-
tural workers. In a recent study performed in California, 11.8% of
workers were found to have AKI according to the KDIGO criteria.*®
In the current study, there was evidence of AKI with 33% of workers
experiencing AKI on at least one workday; our protocol of following
workers for three workdays and the vulnerability of this immigrant
population are two factors that may have resulted in a higher
prevalence of AKI in our study. There is a need for more robust
longitudinal study designs of AKI and CKD in the United States, as
CKD is endemic in Central America and other equatorial countries,
and is likely to be underreported in the United States. Future
evaluations should include continuous personal heat monitoring™
over the course of a growing season and longer-term follow up. This
type of evaluation is challenging in this population because of the
mobile nature of agricultural work in the U.S. In addition, longi-
tudinal personal heat monitoring requires advanced analytical
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TABLE 4. Factors Associated With Acute Kidney Injury Among Florida Agricultural Workers; Girasoles Study 2015-2016

Model 1": OR (95% CI)

Model 2: OR (95% CI)

Characteristics

AgeI

Gender (ref =male)
Female

Nationality (ref =Mexico)
Other

Years of education

Body mass index

History of hypertension (ref =no)

Blood pressure [ref =normal (<120/80)]
Prehypertension (120—139/80-89)
Hypertension (<140/90)

History of diabetes (ref =no)

Yes

Work type (ref = nursery)
Crop
Fernery

Years worked in agriculture

Hours worked per day

USG >1.020 (ref = neither before or after work)
Before work only
After work only
Before and after work

Drinks more sports drinks at work (ref =no)

Drinks more energy drinks at work (ref =no)

Drinks more juice at work (ref =no)

Drinks more soda at work (ref =no)

Mean Heat Index®

1.01 (0.96, 1.06)
0.62 (0.30, 1.29)

0.97 (0.39, 2.42)
0.98 (0.87, 1.09)
1.07 (0.98, 1.17)
1.49 (0.36, 6.18)

0.91 (0.41, 2.03)
0.90 (0.33, 2.46)

0.85 (0.20, 3.63)

0.92 (0.36, 2.35)
1.47 (0.55, 3.92)
0.96 (0.90, 1.02)
0.88 (0.67, 1.15)

1.58 (0.42, 5.92)
1.30 (0.52, 3.29)
1.04 (0.42, 2.59)
1.52 (0.69, 3.32)
1.24 (0.55, 2.78)
0.81 (0.39, 1.67)

1.00 (0.96, 1.03)
0.72 (0.41, 1.29)

0.91 (0.48, 1.73)

1.34 (0.38, 4.75)
1.47 (0.61, 3.54)
1.13 (0.48, 2.68)

0.78 (0.41, 1.51)

1.59 (1.19, 2.11) 1.47 (1.14, 1.90)

“Mutually adjusted estimates are based on farmworkers that had completed data for all variables shown in the table (n=192).
fReduced model retaining age, sex, nationality, urine-specific gravity, and mean heat index.

1_Age units are per 10 years.
SHeat index units are per 5°F.

techniques and standardized methods to efficiently deal with the
complex data outputs from continuously monitored data over
multiple time points.*®

Many barriers to hydration exist in the agricultural environ-
ment. Guidelines from the Occupational Safety and Health Admin-
istration (OSHA) are charged with protecting agricultural workers
and suggest that employers provide adequate water at the work site,
rest breaks, and shade. When working in hot conditions, the
American Conference of Governmental Industrial Hygienists
(ACGIH) recommends that workers drink one cup of water every
15 minutes; if excessive sweating occurs for 4 or more hours in hot
conditions, electrolyte replacement should be used.*” Agricultural
workers may refrain from drinking enough water because they do
not want water or restroom breaks to interfere with their productiv-
ity; this is especially important in worksites that pay by the piece or
volume harvested instead of an hourly wage. In addition, immigrant
agricultural workers are often employed by subcontractors and labor
crews. Field crop workers may travel to different locations during a
workday and water may not always be available unless workers
supply it themselves. Even then, food security regulations may
prevent workers from bringing their beverages into the fields while
they work.*® Individual subcontractor supervisors and labor crews
may not have the training or resources to know when to encourage
others to hydrate, recognize signs and symptoms of HRI, or when to
seek emergency care. HRI training is reported to be low in the
agricultural worker population4 and HRI-prevention knowledgeable
workers may have little to no control over their environments to
implement these measures. It is imperative that state and federal
guidelines be reviewed and updated regularly to allow the infra-
structure and education to reduce barriers to providing protections to
agricultural workers.

Individual health characteristics, behavioral factors, and
cultural factors also influence hydration levels in immigrant agri-
cultural workers. Heat acclimatization is a significant factor influ-
encing the risk of developing HRI*®; acclimatized workers benefit
from physiologic adaptations including sweating beginning earlier
with greater volume, which improves heat dissipation; and less loss
of electrolytes. Participants in the current study had been working
in agriculture for at least 1 month to mitigate the impact of lack of
acclimatization; the average number of years participants reported
working in agriculture was 12 years. However, given the variable
nature of agricultural work, acclimatization may be hard to main-
tain, as even a small break from working in hot environments
requires a re-acclimatization period.>” Behavioral practices of
agricultural workers indicate that the majority of workers know
that water intake should be increased during prolonged activity in
the heat.* Although not significant, males were more likely to be
dehydrated than females; it is plausible that male agricultural
workers are not as compliant with preventive health measures such
as drinking water, resting, and seeking shade while at work because
they do not want to be perceived as weak or not able to provide for
their families.*>*' Although more than 50% of workers in the
current study had indications of pre-workday dehydration, nearly
all workers reported drinking more water while working in the heat.
The body’s thirst mechanisms may be initiated after the body is
already dehydrated and can be further delayed due to personal
physiologic factors such as age42; it is important to determine the
potential impact of hydration routines (frequency, amount, timing,
composition) and electrolyte supplementation and how these mea-
sures could be implemented in this population.

There is very limited study of personal heat exposure,
particularly among U.S. immigrant agricultural workers. The strong
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community partnership between the agricultural workers and the
FWAF was crucial to reaching this vulnerable population of work-
ers. The Girasoles study has provided information to individual
workers, worker communities, and health care providers about HRI.
In some cases, participants have been referred to health care
providers for health conditions of which they may not have
been aware.

There are some limitations to this study. First, there is no gold
standard for measuring and diagnosing dehydration.** Urinary and
serum biomarkers are often used to determine overall hydration
status. Measuring USG on a first morning void sample is reliable,
but real-time measures of USG may be confounded by factors such
as volume of fluid intake, types of beverages consumed, food intake,
medications, and sweating.44 However, USG has been used for
monitoring hydration status in other occupational groups laboring in
hot environments.'>>*?>-3 In addition, a USG of at least 1.020 has
been shown to be associated with a body mass loss of 3%.*> As
kidney function lags behind blood parameters,** calculated serum
osmolality may be a more stable biomarker of hydration, but has
been tested mainly in young, fit, and healthy individuals, which may
not be applicable to this population. In addition, blood markers of
hydration status are not practical for employers to monitor agricul-
tural workers in the field setting due to cost. More research
identifying the types biomarkers of hydration that are valid and
reliable in the field setting, in diverse worker populations, as well as
a consensus the optimal cut points for diagnosing and monitoring
hydration in workers under thermal stress are needed.

Many of the studies of agricultural workers in Central
America have focused on sugarcane workers and it has been
postulated that a combination of factors, including medication
use, chemical exposures, and heat exposure contribute to the access
in renal disease. A strength of our study was the recruitment of
workers across three different types of agricultural work. While we
did not specifically examine chemical exposures such as pesticides
that might theoretically have an effect on renal function, the
inclusion of workers from different agricultural settings suggests
that no one crop or agricultural setting exposed workers to chem-
icals that could increase the likelihood of AKI. Although the
workers recruited into this study were a convenience sample, the
inclusion of multiple agricultural settings strengthen the study’s
generalizability to other agricultural populations; studies that
include diverse populations of agricultural workers are crucial to
make changes in public health policy. In addition, our sample size
may have hampered our ability to identify statistical significance in
other predictors included in our models.

CONCLUSION

Our findings suggest that immigrant agricultural workers in
Florida agriculture have a high burden of dehydration and experi-
ence adverse changes in kidney function during their workdays.
Most interestingly, 33% of immigrant workers in our sample
experienced AKI and HI was significantly related to the incidence
of AKI. Increased global climate temperatures will increase the
vulnerability of agricultural workers to HRI in the future and this
presents a critical public health challenge. More research is needed
to examine the complex relationship between hydration, heat expo-
sure, and kidney function in this population.
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