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Risk Factors for Reduced Glomerular Filtration Rate In
a Nicaraguan Community Affected by Mesoamerican Nephropathy
Nathan Raines MPH, Marvin Gonzalez MD MS, Christina Wyatt MD MS, Mark Kurzrok, Christopher Pool,

Tiziana Lemma, llana Weiss MPH, Carlos Marin, Valerio Prado, Eugenia Marcas, Karina Mayorga,
Jean Franco Morales, Aurora Aragon MD PhD, Perry Sheffield MD MPH

ABSTRACT

INTRODUCTION Mesoamerican nephropathy, also known as chronic
kidney disease of unknown etiology, is widespread in Pacific coastal
Central America. The cause of the epidemic is unknown, but the dis-
ease may be linked to multiple factors, including diet as well as envi-
ronmental and occupational exposures. As many as 50% of men in
some communities have Mesoamerican nephropathy.

OBJECTIVE Describe prevalence of reduced glomerular filtration rate
in a region of Nicaragua suspected to harbor high rates of Mesoameri-
can nephropathy; and investigate potential risk factors for such reduc-
tion associated with agricultural work (such as pesticide exposure
and specific agricultural tasks associated with increased heat stress);
sugar consumption; and traditional factors such as age, sex, diabetes,
hypertension and nephrotoxic medication use.

METHODS This study uses a cross-sectional design with nested
case-control analysis. Cases were individuals with estimated glomeru-
lar filtration rates of <60 mL/min/1.73 m? and controls were individu-
als with those >90mL/min/1.73 m?, estimated using serum creatinine.
Data on nutrition, past medical history, medication and substance use,
and agricultural behaviors and exposures were collected using medi-
cal questionnaires from June through August, 2012. Venous blood and
urine samples were collected to assess hemoglobin A1c, and dipstick
proteinuria, respectively; anthropometry and blood pressure measure-

INTRODUCTION

Chronic kidney disease (CKD) is an important global health con-
cern, contributing to cardiovascular disease and end-stage renal
disease.[1-4] The estimated global prevalence of CKD is approxi-
mately 8—16%, with significant variability across different geographic
regions.[1] Worldwide mortality from CKD was 16.3 per 100,000
annually in 2010.[5] Traditional risk factors for CKD in low-income
countries are similar to those in high-income countries: aging, diabe-
tes, hypertension and use of nephrotoxic medications.[1,4,6] Other
factors—including infections (such as leptospirosis), pesticide and
other chemical exposures, herbal medications and food additives—
may play a more prominent role in resource-limited settings.[6,7]

Since the early 2000s, a unique epidemiological pattern of CKD has
been described in the Pacific lowlands of Central America, dispropor-
tionately affecting male agricultural workers, some aged as young as
late 20s and early 30s.[8—14] In the fall of 2012, stakeholders at the
First International Research Workshop on Mesoamerican Nephrop-
athy (FIRWMN) developed a consensus definition of “Mesoameri-
can Nephropathy” (MeN), including the documentation of abnormal
kidney function by internationally accepted standards related to no
known cause of CKD.[8] A small biopsy series of suspected MeN
cases in El Salvador demonstrated prominent tubulointerstitial injury
and glomerulosclerosis with minimal vascular changes.[15]

Studies of men living in affected regions of Central America have
reported a high prevalence of decreased kidney function, with an

ments were made using standard techniques. Analyses were conduct-
ed using chi square, and univariate and multiple logistic regression.

RESULTS Of 424 individuals in the study, 151 had an occupational
history in agriculture. Prevalence of glomerular filtration rate <60 mL/
min/1.73 m? was 9.8% among women and 41.9% among men (male to
female ratio = 4.3, p<0.0001). Proteinuria 2300 mg/dL was observed in
<10% of participants with decreased glomerular filtration rate. Hemo-
globin A1c and use of NSAIDs were not associated with decreased
glomerular filtration rate. Although systolic and diastolic blood pressure
was higher among participants with decreased glomerular filtration
rate (p <0.001), hypertension was uncommon. Significant agricultural
risk factors for reduced glomerular filtration rate included increased
lifetime days cutting sugarcane during the dry season (OR 5.86, 95%
Cl 2.45-14.01), nondeliberate pesticide inhalation (OR 3.31, 95% ClI
1.32-8.31), and sugarcane chewing (OR 3.24, 95% CI 1.39-7.58).

CONCLUSIONS Our findings demonstrate a high prevalence of
chronic kidney disease not linked to traditional risk factors, and sug-
gest it may be associated instead with occupational exposure to heat
stress in conjunction with pesticide inhalation, sugarcane chewing
and sugar intake during the workday.

KEYWORDS Chronic kidney disease, agricultural health, occupation-
al health, epidemiology, Nicaragua

estimated glomerular filtration rate (GFR) <60 mL/min/1.73 m?
observed in 15-35% of men.[10—13] In a 2008 study in Chichigal-
pa, Nicaragua, where the current investigation took place, 31% of
male participants had an estimated GFR <60 mL/min/1.73 m2.[16]

Several current hypotheses about MeN etiology in the Pacific
region of Central America emphasize the potential of heat stress
and dehydration as risk factors.[17] Heat stress has been linked to
CKD in Thailand;[18] and occupations disproportionately affected
by the disease in Central America, such as mining and agricultur-
al work, involve high levels of heat stress.[19—21] A recent animal
study demonstrated heat stress can produce kidney damage con-
sistent with that found in Nicaragua.[22] However, because heat
stress is not an exposure unique to Pacific Central America, and
heat increases over the past two decades are likely insufficient to
solely account for the epidemic, other factors are likely involved.
Proposed cofactors include exposure to agrochemicals such as
2,4 D and paraquat dichlorate, which have been associated with
acute kidney injury,[23] NSAIDs and nephrotoxic antibiotics,[24]
infections such as leptospirosis,[25] and exposure to heavy met-
als.[20] High fructose intake leading to metabolically induced
inflammatory kidney damage has also been proposed, based on
work in animal models.[22,26,27]

Past studies have shown agricultural workers are at increased risk
for MeN.[8—14] This study describes the prevalence of reduced
GFR in a region of Nicaragua suspected to harbor high rates of
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MeN and investigates potential risk factors. It investigates in
greater depth specific behaviors and exposures related to
agricultural work and their association with reduced GFR in
the region, as well as association between reduced GFR and
traditional risk factors such as diabetes and hypertension.

METHODS

Design, setting, and participant recruitment A cross-
sectional design with nested case-control analysis was
employed for its efficacy in rapidly exploring a broad num-
ber of population characteristics and risk factors. The study
was conducted in a community near the town of Chichigalpa,
Nicaragua, in which past investigation had identified a high
prevalence of CKD.[16] Initial recruitment was conducted via
census, with inclusion criteria encompassing all individuals
aged 15-69 years living permanently in a community house-
hold (684 identified); pregnant women were excluded.

Participants were recruited using door-to-door canvassing
in May-June, 2012. Demographic surveys were adminis-
tered during recruitment to one household representative—
generally the female head of household because of greater
availability—who reported demographic information for all
other individuals living in the home. All eligible household
members were invited to a single study visit at a central loca-
tion for interview and physical measures.

Study variables The dependent variable in this study was
reduced GFR, estimated from serum creatinine using the 2009
CKD-EPI formula.[28] “Reduced GFR” was defined as single
GFR <60 mL/min/1.73 m?, which encompasses the quantitative
GFR criterion for CKD stages 3-5, but with our point sample
the time criterion for CKD diagnosis could not be met.[29] The
cutoff value was chosen to minimize false positives from tran-
sient, mildly elevated creatinine due to diet or physical activity.
Independent variables are listed and defined in Table 1.

Data collection This took place over eight weekend days in
July—August 2012. Each participant attended a single ses-
sion that included researcher-administered questionnaires,
a focused physical examination, and collection of blood
and urine specimens. Physical examination included mea-
surement of height, weight, and blood pressure—the latter
measured on right arm with automatic sphygmomanometer
(Omron, Japan), cuff size specific to arm circumference.

An additional survey on conditions of agricultural work,
adapted from validated surveys developed by the US Agri-
cultural Health Study, was administered to each participant
who reported a history of agricultural employment.[31] Sur-
vey questions were adapted to reflect aspects of agricultural
work specific to Nicaragua.

Agricultural workers were asked to report the different jobs

they had done in agriculture over their working lives. For each job,
we asked how many years, hours per day, days per week, and
weeks per year they had worked. Workers were asked whether
they had ever to their knowledge worked in or near areas where
pesticides were being applied, how far they worked from where

Table 1: Independent variables

Occupation

Age (years)

Sex

Body mass index
(kg/m?)

Systolic blood
pressure (mmHg)

Diastolic blood
pressure (mmHg)

Hypertension
Hyperglucemia
Dipstick proteinuria
Smoking

Alcohol use

Daily fructose intake (g)

NSAID use
(ever or daily for >1
month)

Agricultural worker

Agricultural activities

Inhaled pesticides
Cane chewing

Worked near burning
sugarcane

Daily bolis* at work

Sugary beverage
intake (L/workday)

Water intake (L)

Personal protective
equipment use index

Exposure index

*sugary rehydration packet

pesticides were being applied, and how long they waited to re-

enter areas where pesticides had been applied. Pesticide appli-

cators were asked to name the chemicals they used.

Self reported, free response
Self reported, continuous variable
Male, female

Calculated from measured height (m) and weight (kg)
as kg/m?

Mean of two repeat readings following 5
minutes of seated rest

Systolic BP 2140 mmHg or diastolic BP 290 mmHg
Hemoglobin A1c >6.5%

=230 mg/dL

Self-reported current and past tobacco smoking, in years
Self-reported current and past alcohol use, categorical

Calculated from self-reported intake of 60 different
foods, averaged over a year to account for seasonal
variation, per FDA fructose intake calculator[30]

Self-reported frequency of NSAID use over previous
10 years

Self-reported history of ever working in agriculture,
based on participant’'s own definition

Self-reported days/week, weeks/year, and total in
respective activities: cutting or harvesting any crop,
cutting or harvesting all crops, cutting or harvesting
sugarcane, cutting or harvesting sugarcane mid-
November through mid-May (dry season), planting or
seeding any crop, watering or irrigating any crop, mix-
ing pesticides, applying pesticides, working in areas
where pesticides were being applied or had been
applied recently

Self-reported history of accidentally inhaling pesticides

Self-reported history of chewing sugarcane during
workday

Self-reported history of working within 100m of where
sugarcane was being or had been burned recently

Self-reported number consumed in a typical workday
Self reported, for a typical workday

Self reported, for a typical workday

Self-reported use of protective equipment while
working with pesticides, divided into 3 hierarchical
categories:

0: no protection

1: protection not including respiratory protection
2: protection including respiratory protection

Self-reported contact with pesticides, in 3 hierarchical
categories

0: no exposure

1: skin only

2: face, lungs or mucus membranes

Anyone who reported a history of mixing, applying or working near
pesticides was asked how many days per year they were exposed,
what sort of personal protective equipment they used, the consis-
tency with which they used protective equipment, and which areas
of their body were generally exposed to agrochemicals.

Sample collection and processing Each participant provided

an early morning, midstream urine sample, self collected in a BD
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Vacutainer urine collection cup. Venous blood samples were drawn
using a BD Vacutainer collection kit and split into two 5-mL pink-top
EDTA tubes and one 5-mL gold-top serum separator tube (Becton,
Dickinson & Co., USA). Participants aged <25 years used only the
EDTA tubes because we did not measure their HbA1c.

Within 30 minutes of collection, blood samples were centrifuged
for 5 min at 3500 rpm using a Hettich EBA20 portable centrifuge
(Hettich, Germany);[32] 1 mL of serum was separated for deter-
mination of serum creatinine. Serum samples and whole blood
samples were transported on ice and stored at -25°C at the Cen-
ter for Investigation in Health, Work and the Environment (CISTA,
the Spanish acronym) laboratory at the National Autonomous Uni-
versity of Nicaragua UNAN (the Spanish acronym) at Ledn. Within
seven days, samples were transported to the UNAN-Ledn Medical
Center, where they were processed using the Jaffé compensated
method[31] in a Cobas Integra 400 system (Roche Diagnostics,
USA). Whole blood specimens were analyzed for HbA1c within
24 hours of specimen collection using a Stanbio Glycohemoglobin
Direct Test (Stanbio Laboratory, USA). Urine samples were ana-
lyzed on site within 30 minutes of collection, using a Bayer Clinitek
50 Urine Chemistry Analyzer with Multistix 10SG reagent strips
(Siemens Diagnostics, Germany).

Data analysis Data on GFR were used to calculate prevalence of
reduced GFR. We then selected a subset of participants based on
GFR for case-control analysis to assess risk factors for reduced
GFR, with cases defined as individuals with a single GFR calcula-
tion <60 mL/min/1.73 m? and controls defined by GFR >90 mL/
min/1.73 m?. Individuals with GFR 60-90 mL/min/1.73 m? were
excluded from risk factor analysis because the CKD-EPI equation
has not been validated for this population. Exclusion of these indi-
viduals also ensured adequate differentiation between GFR groups.

Logistic regression was chosen over linear analysis due to CKD-
EPI validation concerns because it was felt that logistic regression
would help minimize error resulting from small fluctuations that
may exist in applying CKD-EPI in this population. Comparisons
of disease prevalence with the 1999-2004 US National Health
and Nutrition Examination Survey (NHANES) cohort[33] was con-
ducted using chi-square analysis with Yates correction because
of NHANES large n. Comparisons of prevalence among male and
female study participants were conducted using the Fisher exact
test. Association between potential risk factors and reduced GFR
status was determined using bivariate and multiple logistic regres-
sion. Variables significant or marginally significant at p <0.05 in
univariate analysis were included in multiple regression models,
and excluded using backwards regression with p >0.1 as cutoff.

For multivariate analysis among agricultural workers, each vari-
able was evaluated independently using models with only age
and sex as covariates due to the lower n compared to the over-
all population. Sensitivity analyses were conducted using linear
regression, with GFR as the continuous response variable. Lin-
ear analyses included the entire study population rather than just
those selected as cases and controls. All analyses were conduct-
ed using SPSS v. 20.

Ethical considerations Participants gave written informed con-
sent, with parents of participants younger than 18 consenting for
their children. Protocols were approved by the Mount Sinai Institu-
tional Review Board and the UNAN-Leo6n Ethics Committee.

RESULTS

In total, 424 people participated (166 men, 258 women), repre-
senting 62% of the eligible population (50.5% of 329 eligible men
and 72.7% of 355 eligible women). Participants were slightly older
than the overall community population, but the difference was
small and did not reach statistical significance for men (mean age
32.1 vs. 29.9 years, p = 0.07) or women (34.8 vs. 33.0 years, p =
0.11). Among participants, 72% of men and 12% of women cur-
rently or previously worked in sugarcane agriculture, as compared
with 69% of men and 12% of women in the overall census popula-
tion. One hundred fifty-one participants with an occupational his-
tory in any form of agriculture responded, representing 58% of
agricultural workers identified in the census population.

Prevalence of reduced GFR and proteinuria Among the 401 par-
ticipants who provided blood samples, prior to exclusion of individu-
als with GFR between 60 and 90 mL/min/1.73 m?, mean GFR was
87.5 £ 30.7 mL/min/1.73 m? (77.9 + 37.3 among men, 94.0 + 23.1
among women, p <0.001). Prevalence of GFR <60 mL/min/1.73
m?was 22.6%, and was higher in men (41.9% vs. 9.8% in women,
p <0.001). When stratified by age, prevalence of decreased GFR
was significantly greater in men in all age groups <60 years, and
was higher among men aged 60-69 years, although not to a statis-
tically significant degree (Figure 1). Prevalence estimates from US
NHANES are provided for context.[33] In univariate analysis (Table
2), older age, male sex, history of work in agriculture, and use of
tobacco and alcohol were associated with reduced GFR. Dipstick
proteinuria was assessed in 389 participants (92%), among whom
proteinuria 230mg/dL was present in 15%. Among participants with
GFR <60 mL/min/1.73 m?, 44% had proteinuria 230mg/dL and only
7 participants (9%) had proteinuria 2300 mg/dL.

Figure 1: Prevalence of reduced GFR* by sex and age in a
Nicaraguan community (2012) and in USA (1999-2004)

80 77.8
o
v 69 41.9

433 .

E:L 40 38.5 41.7
Q 20
X 11.5 10. .

o 32 09 21 0.8 9867

20-39 40-59 60-69 >70

B Men, Chichigalpa 2012 ®Women, Chichigalpa 2012

Source: US data are from 1999-2004 US NHANES cohort[33]
*Glomerular filtration rate <60 mL/min/1.73 m?body surface area

USA 1999-2004

Association with traditional CKD risk factors Among 327
participants who underwent standardized blood pressure mea-
surement, systolic and diastolic BP were significantly higher in
participants with reduced GFR. Hypertension was more prevalent
among cases than controls (p = 0.002), although overall preva-
lence of hypertension was only 8.6%. Prevalence of HbA1c >6.5%
was 3.7% in case group and 3.2% in control group, consistent
with a prevalence of self-reported diabetes of 3.4% in the overall
census population, and did not differ between groups (p = 0.88).
NSAID use was common (>70% in both cases and controls), but
daily use was rarer (13% in cases and 13.3% in controls) and
there was no significant difference between cases and controls
(p = 0.44). Use of nephrotoxic medications was <1%. In multi-
variate analysis—including all variables significant in univariate
analysis (p <0.05) and using backwards logistic regression (with
exclusion criteria: p >0.1)—only older age and male sex remained
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Table 2: Univariate analysis? of risk factors for reduced GFR in a
Nicaraguan community

Reduced eGFR | No reduced eGFR
Variable (eGFR<60) (eGFR>90) Vaﬁ’ue
(n =78) (n = 205)

38.5 26.0

g2 () (27.0, 55.0) (19.0, 34.5) <0001
Male sex 74% 31% <0.001
Agricultural worker 7% 44% <0.001
Body mass index 23.8 25.0 0.36
(kg/m2) (21.2, 28.6) (21.9, 29.4) ’
Systolic blood pressure 122.0 114.5 <0.001
(mmHg) (113.0, 134.6) (103.6, 124.0) ’
Diastolic blood 73.25 68.0 <0.001
pressure (mmHg) (66.0, 84.1) (61.1, 75.5) ’
Hypertension® 17.9% 5.4% 0.002
Hyperglycemia (hemo- o o
globin A1c >6.5%) 3.7% 3.2% 0.88
. 0.25 0.0
Years smoking tobacco (0.0, 5.0) (0.0, 0.0) 0.010
Esuerrent or past alcohol 56% 26%  <0.001
Daily fructose intake 53.1 53.4 0.55
(9) (38.5, 68.2) (38.1,79.9) ’
NSAID use, ever 57.4% 61.5% 0.63
NSAID use, daily for 13.0% 13.3% 063

>1 month

@Binomial logistic regression; median (1st quartile, 3rd quartile) for continuous
variables; percentages for categorical variables
"Hypertension: systolic pressure 2140 mmHg or diastolic pressure 290 mmHg

Table 3: Case-control analysis of risk factors for reduced GFR®in a
Nicaraguan community

Univariate odds
Variable ratio
(95% ClI)

Multivariate®

odds ratio
(95% ClI)

1.81 2.48

Age (per 10 years) (145-2.26)  (1.670-3.63)
6.39 8.04

Male sex (3.55-11.50)  (2.09-30.77)
) 4.37 2.05
Agricultural worker (2.23-8.58) (0.61-6.90)
Systolic blood pressure 1.43 1.04
(per 10mmHg) (1.19-1.71) (0.80-1.37)
Years smoking tobacco 1.76 0.70
(per 10 years) (1.14-2.71) (0.38-1.29)
SN 1.03

Current or past regular tobacco use (1.84-7.54) (0.38-3.08)

aCase: glomerular filtration rate (GFR) <60 mL/min/1.73 m? Control: GFR >90 mL/
min/1.73 m?
®Multiple logistic regression with all variables included

significantly associated with reduced GFR (Table 3, where data
presented show all variables included in model). In sensitiv-
ity analysis using linear regression with GFR as the continuous
response variable, results were qualitatively similar (data avail-
able upon request). Significant variables identified in sensitivity
analysis were identical to those identified in case-control analysis.

Specific agricultural exposures and reduced GFR Preva-
lence of reduced GFR among agricultural workers was 31.4%.
In univariate analysis, risk factors for reduced GFR identified in
the overall population were similar to those in agricultural work-
ers, with the notable exception of systolic blood pressure. Study

participants who worked in agriculture predominantly worked
in sugarcane (83%), although some cane workers additionally
reported subsistence farming on private plots and/or working in
other agricultural activities in the past. Respondents reported a
number of different occupational activities, including cutting cane
and harvesting other crops, seeding the fields, mixing and apply-
ing pesticides, and managing irrigation. Among agricultural tasks,
only lifetime days cutting or harvesting crops, and lifetime days
specifically cutting or harvesting sugarcane were significantly
associated with reduced GFR (Table 4).

Consumption of bolis (sugary rehydration packets given to workers)
was marginally associated with reduced GFR. Water intake during
the workday, other sugary beverage intake during the workday, and
a history of burning sugarcane or working near areas where cane
was being burned were not associated with reduced GFR (Table 4).

Table 4: Univariate? analysis of risk factors for reduced GFR" in
current or former agricultural workers in a Nicaraguan community

Reduced GFR [ No reduced GFR

Variable (GFR <60)
n =48

36.5 28.0
gz (e (27.0, 45.8) (20.0,36.5) 007
Male sex (%) 90 57 <0.001
Systolic blood pressure 121.5 116.5 0.039
(mmHg) (111.0, 132.0) (107.0, 125.5) ’
Diastolic blood pressure 73.0 68.5 0.006
(mmgHg) (63.0, 83.0) (64.0, 73.0) ’
Years smoking tobacco ©.0, 5200) ©.0, 0080) 0.09
Current or past alcohol 67 38 0.008
consumption (%)
Lifetime days cutting or 1320 210 0.004
harvesting all crops (555, 3195) (0, 1200) ’
Lifetime days cutting or 6
harvesting non-cane crops 0(0,0) (0, 360) 0.95
Lifetime days cutting or 990 0 0.005
harvesting sugarcane (0, 2610) (0, 180) ’
Egi'eriinhg"iﬂsgiﬁgﬁi n 8400 0" 9001
the dry season (0, 30940) (0, 4032)

ry

Lifetime days seeding (o, 82255‘; (15, 1025285) 0.45
Lifetime days watering o, 79(; o, 6(; 0.70
Lifetime days mixing 0 0 013
pesticides (0, 4) (0, 0) ’
Lifetime days applying 0 0 0.39
pesticides (0, 266) (0, 18) '
Lifetime days working in 1440 145 0.21
fields with pesticide use (65, 4050) (0, 1072) '
Inhaled pesticides (%) 79 54 0.0
Cane chewing (%) 69 41 0.007
Worked near burning 83 69 013
sugarcane (%)
Daily bolis® at work 2 2 007
(packets) (2, 4) (1,3) ’
Sugary beverage intake 0.5 0.5 056
(L/workday) (0.5,1.0) (0.0, 1.0) '
Water intake during 6.0 6.0 057
workday (L) (4.0, 8.0) (3.4, 8.0) ’

aBinomial logistic regression; median (1st quartile, 3rd quartile) for continuous
variables; percents for categorical variables

"Glomerular filtration rate <60 mL/min/1.73 m?

°Bolis: sugary rehydration packet
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Level of personal protective equipment worn was not significantly
associated with reduced GFR (p = 0.35). Personal pesticide expo-
sure route (face/lung/mucus membrane vs. skin vs. no exposure)
was significantly associated with reduced GFR among individuals
who mixed and applied pesticides (p = 0.03) but not individuals
who reported exposure while doing other tasks (p = 0.51). Past
inhalation of pesticides was also significantly associated with
reduced GFR, as was chewing sugarcane during the workday.
Pesticides reported as most commonly used were Hendal 2,4 D,
Roundup (glyphosate), and Gramoxone (paraquat).

In models adjusted for age and sex, cutting sugarcane in the dry
season showed the strongest association with reduced GFR. His-
tory of chewing sugarcane and inhaling pesticides also retained
their significance after adjustment for age and sex, while daily
bolis consumption became significant (Table 5). In models adjust-
ed for total hours cutting sugarcane during the dry season, bolis
consumption (OR 1.39, 95% CI 0.99-1.95) and inhaling pesti-
cides (OR 2.61, 95% CI 0.99-6.90) were marginally significant
and chewing sugarcane was still significant (OR 2.74, 95% CI
1.11-6.77), with total hours cutting sugarcane during the dry sea-
son retaining significance in all models (p <0.002).

In sensitivity analysis using multivariate linear regression, control-
ling for age and sex, only lifetime hours cutting cane in the dry
season, accidental inhalation of pesticides, and diastolic blood
pressure remained significant predictors of reduced GFR among
agricultural workers (data available upon request). Male sex was
no longer significantly associated with reduced GFR in the model
incorporating lifetime hours cutting sugarcane in the dry season.

Table 5: Age and sex-adjusted analysis? of reduced GFR" risk
factors in a Nicaraguan community

Variable Univariate odds | Age- and sex-adjusted
ratio (95%CI) odds ratio (95%CI)

1.50
Age (1.12-2.02) -
6.61
Male sex (2.34-18.74) -
Systolic blood pressure 1.05 1.13
(per 10mmHg) (1.01-1.09) (0.88-1.47)
Current or past alcohol 3.26 1.61
consumption (1.36-7.85) (0.56-4.65)
>365 lifetime days har- 4.31 2.29
vesting any crop (1.76-10.52) (0.85-6.20)
Any lifetime history cutting 5.86 4.07
sugarcane in dry season (2.45-14.01) (1.32-12.58)
Cane chewing o il
(1.39-7.58) (1.21-8.04)
Inhaled pesticides (1 .32—8?:.3311) Q. 12—8:?.718‘;
. . 1.30 1.48
Daily bolis® at work (0.98-1.74) (1.02-2.14)

aBinomial logistic regression with variables significant or marginally significant in uni-
variate analysis (p <0.01)

"Glomerular filtration rate <60 mL/min/1.73 m? body surface area

°Bolis: sugary rehydration packet

DISCUSSION

In this cross-sectional, population-based survey, we identified
a high prevalence of reduced GFR, based on single-measure
GFR calculations <60 mL/min/1.73 m?. We demonstrated that
traditional etiologic factors for reduced GFR such as diabetes,

hypertension and use of nephrotoxic medications are not major
contributors to disease in this population, while specific agricul-
tural tasks and exposures may be important determinants. Our
results are consistent with MeN disease patterns identified in oth-
er studies in Central America.[10-13]

The observed prevalence of decreased GFR in our study was
over three times that of NHANES after stratifying by age, and was
over five times greater among men.[33] Because most people
with advanced CKD in this region of Nicaragua do not undergo
dialysis,[34] it is likely that the duration of disease is shorter in this
community compared to the USA due to decreased survival. This
suggests that the difference in incidence between the two popula-
tions is likely even greater than the difference in prevalence.

While we lack biopsy samples to confirm pathologic changes, our
findings are consistent with all other characteristics of MeN pro-
posed by the FIRWMN. Reduced GFR in this community predomi-
nantly presented with minimal or no proteinuria, and traditional risk
factors for CKD were not important contributors. Use of NSAIDs
was relatively common in this population but was not associated
with risk for reduced GFR, making it an unlikely sole etiologic fac-
tor. Other nephrotoxic medications were used too infrequently to
be responsible for an epidemic of this magnitude. Uncontrolled
diabetes was rare in this population, with no significant difference
between participants with and without reduced GFR.

Although blood pressure was significantly higher among par-
ticipants with reduced GFR and was found to be significantly
associated with reduced GFR among agricultural workers, mean
systolic and diastolic blood pressure was in the normal range for
both cases and controls and hypertension was present in <10%
of the overall population. Additionally, kidney disease can produce
elevated blood pressure, so the association found may reflect a
consequence rather than cause of CKD. Hypertension may con-
tribute to some cases of reduced GFR in this population, but is
unlikely to be a principal causal factor responsible for MeN.

Our findings have important implications for the hypothesis that heat
stress is a risk factor for MeN. Aside from age and male sex, the
strongest independent association observed was between reduced
GFR and lifetime hours cutting sugarcane, particularly during the dry
season. Cane cutting is known to subject workers to extreme levels
of heat stress; a study of cane harvesting in Costa Rica showed that
workers should only engage in cane cutting 15 minutes of every hour
in order to meet US Occupational Safety and Health Association
(OSHA) standards for health risks from heat.[19] Most sugarcane
workers in this area report taking few breaks during an 8-12 hour
workday (data available upon request), a finding corroborated by
studies of sugarcane workers in other countries.[19,35]

While time spent cutting sugarcane has inherent collinearity with
age, a known risk factor for CKD, its retained significance when
correcting for age and the lack of association found with cumu-
lative hours indicates its effect cannot be accounted for by age
alone, and strongly suggests a role for heat stress in the etiology
of MeN in this population. Of concern, climate change models pre-
dict that high heat stress days for workers in Nicaragua are likely
to increase by 15% in coming decades.[36]

Prior studies have suggested that dehydration may contribute to
MeN in this region.[19,34] Our results do not show an association
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between water intake and disease status, and water intake was
close to the OSHA suggested levels in both groups.[37] However,
water intake may not be an effective proxy for hydration status,
given the strenuous working conditions and high level of heat
stress to which these individuals are subjected. Future studies
should consider more sensitive measures of hydration status dur-
ing the workday to elucidate the specific role of dehydration.

The three most commonly used pesticides reported on sugar-
cane plantations (2,4-D, glyphosate and paraquat) are all known
nephrotoxins.[23] A history of accidental pesticide inhalation,
as well as a history of chewing sugarcane during the workday
(which may represent a source of oral pesticide intake) were
associated with reduced GFR in the logistic univariate and mul-
tivariate analysis. Additionally, increased self-reported lifetime
days mixing, applying, and working near pesticides were sig-
nificant predictors of GFR in univariate linear analysis. However,
this relationship was not observed in binomial logistic analysis,
which we believe to be the more appropriate test because the
CKD-EPI equation used to calculate GFR has not been validat-
ed in this population.

Past studies have suggested that consumption of alcohol, par-
ticularly homemade, may be linked to MeN.[12] Alcohol consump-
tion in this study was associated with reduced GFR both in the
overall population and among agricultural workers in univariate
analysis, but was no longer significantly associated with reduced
GFR in multivariate analysis. This study cannot exclude alcohol
consumption as a contributing factor to MeN.

One key hypothesis identified at FIRWMN was that high fructose
intake may interact with fluid volume depletion and heat stress to
produce inflammatory damage to the kidney.[22,26,27] Our find-
ings demonstrate increased fructose intake overall is not associ-
ated with reduced GFR, nor is sugary beverage consumption
during the workday. However, consumption of bolis and chewing
sugarcane at work were found to be associated with increased
risk. Chewing sugarcane and bolis consumption is a mechanism
for substantial sugar intake when people are actively working in
the fields, while soda is more typically consumed during lunch only.
Therefore, our findings support the hypothesis that fructose intake
while engaged in heat stress-producing activities contributes to kid-
ney injury. Chewing sugarcane may also represent an oral route for
pesticide exposure, or a route for exposure to leptospirosis. When
controlling for total hours worked cutting sugarcane during the dry
season, bolis consumption, chewing sugarcane, and history of pes-
ticide inhalation all retained significance or marginal significance,
suggesting increased sugar consumption during the workday and
pesticide exposure may be risk factors in themselves for MeN, rath-
er than merely variables which are more common among individu-
als who have worked the longest or worked in certain jobs.

Although this study provides novel, detailed information on agri-
cultural activities and exposures as contributors to the MeN epi-
demic, several limitations must be acknowledged. Our response
rate was only 62%, and not all participants took part in every
aspect of data collection. The main reason for nonparticipation
was disinterest, possibly due to study fatigue, given that several
past studies had also been based in this community. Nonetheless,
the study population was demographically similar to the popula-
tion as a whole, and was drawn from the entire population rather
than a randomly selected subset.

This study employed a cross-sectional design, a method able
to assess past exposures but limited in its ability to determine
causality. We used only single measures of serum creatinine to
calculate GFR and assign reduced GFR, but attempted to ensure
cases truly did represent CKD by setting the GFR cutoff at a level
corresponding to stage 3 or higher. We sampled nearly all indi-
viduals at least 12 hours after they last worked and 8 hours after
they last ate meat. Survey questions were adapted from validated
studies, but were not themselves validated in the population stud-
ied, and are also subject to recall bias. Finally, we used simple
models to explain what is thought to be a disease with a com-
plex multifactorial etiology, so nonlinear and nonbinary interaction
between these risk factors with respect to reduced GFR may have
been lost. Nevertheless, the fact that sensitivity analysis using
linear regression generally corroborated the logistic regression
findings supports the validity of our results.

CONCLUSIONS

This study provides further evidence for an epidemic of CKD that
is not associated with traditional risk factors such as diabetes,
hypertension or NSAID use. Our findings suggest that sugarcane
cutting and harvesting is an important risk factor for development
of this disease, which appears to be driven by a multifactorial
combination of heat stress and concurrent sugar consumption,
with possible contribution of pesticide exposure. Further study is
needed to more fully assess disease mechanisms.
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