
 

 

Document prepared for Workers’ Health/Health promotion and Social determinants Unit PS/FPL/PAHO              1  

 
 

 

 

 

 

 

Evidence for CKDnt being primarily an occupation driven 

disease in Mesoamerica 

 
 
 
 
 

 
Catharina Wesseling 

May 1, 2019 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Workers’ Health/Health Promotion and Social Determinants Unit PS 
Department of Family, Health Promotion and Life Course FPL



 

 

Document prepared for Workers’ Health/Health promotion and Social determinants Unit PS/FPL/PAHO              2  

 
 
 
 
 
 
 
 
 
Evidence for CKDnt being primarily an occupation-driven disease in Mesoamerica  
PAHO/FPL/19-002 
 
© Pan American Health Organization 2019 
 
All rights reserved. Publications of the Pan American Health Organization (PAHO) are available on the PAHO website (www.paho.org). 
Requests for permission to reproduce or translate PAHO Publications should be addressed to the Publications Program through the PAHO 
website (www.paho.org/permissions).  
 
Suggested citation. Pan American Health Organization. Evidence for CKDnt being primarily an occupation-driven disease in 
Mesoamerica. Washington, D.C.: PAHO; 2019. 
 
Cataloguing-in-Publication (CIP) data. CIP data are available at http://iris.paho.org.   
 
Publications of the Pan American Health Organization enjoy copyright protection in accordance with the provisions of Protocol 2 of the 
Universal Copyright Convention. 
 
The designations employed and the presentation of the material in this publication do not imply the expression of any opinion whatsoever on 
the part of PAHO concerning the status of any country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers 
or boundaries. Dotted lines on maps represent approximate border lines for which there may not yet be full agreement. 
  
The mention of specific companies or of certain manufacturers’ products does not imply that they are endorsed or recommended by PAHO 
in preference to others of a similar nature that are not mentioned. Errors and omissions excepted, the names of proprietary products are 
distinguished by initial capital letters. 
 
All reasonable precautions have been taken by PAHO to verify the information contained in this publication. However, the published 
material is being distributed without warranty of any kind, either expressed or implied. The responsibility for the interpretation and use 
of the material lies with the reader. In no event shall PAHO be liable for damages arising from its use. 

  

http://www.paho.org/
http://iris.paho.org/


 

 

Document prepared for Workers’ Health/Health promotion and Social determinants Unit PS/FPL/PAHO              3  

Table of content 
 

Section Page 

Summary 3 

Abbreviations 5 

1. Introduction 6 

2. Methods 7 

3. Results 10 

3.1 Background history 1190s -present 10 

3.2 Clues for an occupational etiology from cross- 
sectional population-based and occupational 
surveys 

 
12 

3.3 Findings for non-occupational risk factors 14 

3.4 Evidence for and against occupational etiology 
provided by analytical epidemiologic studies 

 

16 

3.5 Interpretation of evidence of analytical 
epidemiologic studies on CKDnt in Mesoamerica 

 

26 

4. Concluding remarks 29 

References 31 

ANNEX I. CENCAM statement about occupational nature of 
the Mesoamerican nephropathy 

 

32 

ANNEX II. Additional 38 

ANNEX III. Summary of studies considered in body of 
evidence in favor or against a primary occupational driver 
of Mesoamerican nephropathy 

 
40 



 

 

Document prepared for Workers’ Health/Health promotion and Social determinants Unit PS/FPL/PAHO              4  

Summary 

 

An epidemic of fatal chronic kidney disease unrelated to diabetes, hypertension and other known 

causes of CKD, is ongoing in Mesoamerica since several decades. This epidemic of non- traditional 

origin (CKDnt) has caused the premature deaths of tens of thousands of young people, mostly male 

agricultural workers. A number of etiologies have been proposed, including recurrent heat stress 

and dehydration, pesticides, metals, infectious diseases, nephrotoxic medications, alcohol, tobacco, 

and genetic factors. An important question to answer is whether the disease is primarily driven by 

occupational or by non-occupational environmental, behavioral or genetic factors. To answer this 

question an extensive review was undertaken of peer reviewed studies, i.e. articles published in the 

scientific literature and academic theses on the subject. As the basis for examining the potential 

occupational nature of CKDnt, data were extracted from 25 investigations with epidemiologic 

results, regarding the setting, design and objectives, population and time of follow-up, exposures 

and outcomes, covariates and statistical analyses, main results, limitations and conclusions. The 

validity of the authors’ conclusions was scrutinized and evidence pro and against an occupational 

nature of each study was formulated. Numerous other articles without epidemiologic study results 

were also reviewed, which provided valuable background and complementary information, even if 

they were not directly considered for the evaluation of a potential occupational origin. 

 
Early anecdotal evidence of the 1990s considered CKDnt an occupational disease of agricultural 

workers or, specifically, sugarcane workers. The first studies on CKDnt were conducted in sugarcane 

workers. Mortality statistics from the early 2000s showed CKD with large sex differences 

concentrated in sugarcane areas in Nicaragua. 

 
In the cross-sectional prevalence surveys that followed between 2010 and 2015, men of hot coastal 

regions were markedly more affected than women, between 3 or 4 times on the population level 

but, notably, the prevalence in men and women within the same occupational categories were 

similar. The prevalence studies confirmed sugarcane workers as the most affected population. Work 

in other type of agricultural (cotton, banana, rice, corn) was also reported to be related to kidney 

dysfunction, whereas subsistence and coffee farming were not, attributed in the former to better 

control over working conditions and the latter to being located at higher altitude in cooler regions. 

In addition, other hot, non-agricultural occupations appeared with moderate to high prevalences of 

kidney dysfunction in multiple studies, whereas economically inactive populations had the lowest 

prevalences of kidney dysfunction. All identified occupations so far are characterized as heavy 

manual work in hot temperatures.  With regard to evidence for non-occupational etiology, 

occurrence of CKDnt in economically inactive women was mentioned in several studies but has been 

insufficiently documented. Data on kidney damage in children are very limited and early damage in 

life has been hypothesized to be related to risk factors of social vulnerability. 

 
Of the 16 analytical epidemiologic studies included for evaluation of the occupational origin of the 

epidemic, 13 provided direct evidence for occupational heat stress underlying kidney dysfunction 

in worker populations at high risk for CKDnt. Of the three studies that did not, the first was a 

negative occupational study on Leptospira seropositivity, the second had a study design not suited 

for an occupational evaluation, and the third was conducted among nonworking children and 

adolescents, hence could not provide evidence either for or against occupational causes. 
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Of the 13 studies that supported occupational heat stress as causally related to kidney dysfunction, 

11 were conducted in sugarcane workers, especially in sugarcane cutters, characterized as exposed 

to high environmental heat and extreme physical workload. Cutters had better general health 

indicators than construction workers and farmers, but worse kidney health. Cross-shift 

examinations in multiple studies showed changes in biomarkers involved in maintaining water and 

electrolyte balance during the workday and kidney function, associated to environmental heat and 

workload. Studies in Nicaragua, El Salvador and Guatemala reported notable declines in kidney 

function cross-harvest among cane cutters and other sugarcane field workers but not in reference 

groups of factory workers or administrative workers. A cane cutting group that received a water-

rest-shade intervention had a lesser cross- harvest decline in kidney function as a non-intervened 

cutting group after the kidney function decline was halted by the introduction of the intervention. 

The most recent research has focused on acute events of kidney injury (‘AKI’) and their consequent 

recovery or progress to CKD, with most of these ‘AKI’ events occurring among the workers with the 

highest external and internal heat exposures. A high occurrence of CKD (according to KDIGO criteria) 

among brickmaking workers associated with various exposure indicators of occupational heat stress 

indicating that the epidemic is not restricted to sugarcane or agricultural workers. A 2-year cohort 

of general population in a high-risk area of Nicaragua identified a group with rapid decline of kidney 

function in about 10% of men (n=25) and 3% of women (n=3) who were healthy at the start. Among 

men the rapid decline associated with outdoor agricultural work and lack of shade, as well as with 

sugarcane work and fever during the previous season. A few general questions on perceived heat 

showed no association with renal function. 

 
The fact that much of the essential data to understand the origin of CKDnt in Central America 

concern findings among sugarcane cutters who experience extreme heat stress (external heat + 

internal heat generated through intense manual work), these workers could be viewed as a sentinel 

occupational population, showing the tip of the iceberg of what is also happening in other 

populations in lesser degree or less visibly. 

 
Non-occupational risk factors did inconsistently associate with measures of kidney dysfunction in 

both the prevalence surveys and the analytical epidemiologic studies. Non-occupational risk factors 

did not emerge as suspects for being a primary driver of the occurrence of CKDnt in any of the 

studies conducted to date. An epidemic as devastating as CKDnt in Central America must have a 

strong driver. Although CKDnt in Mesoamerica must be multifactorial like all chronic diseases, all 

hard evidence points to the occupational exposure to heat stress being the tipping point, an 

important link in the causal chain that is preventable. Although studies on possible interactions of 

heat stress with other potential occupational or environmental exposures such as pesticides and 

other toxic agents are desirable for further understanding of the etiology and pathophysiology of 

CKDnt in Mesoamerica, based on the available evidence, occupational heat stress is a demonstrated 

key etiologic factor, calling for interventions. 

 
This review shows that work is the main driver of the epidemic of CKDnt in Mesoamerica. It also 

shows that hitherto the only single factor that has been shown to lead to kidney dysfunction in 

affected populations in this region is occupational heat stress. 
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Abbreviations 
 

ACR Albumin creatinine ratio 

AKI Acute kidney injury 

BMI Body mass index 

BUN Serum urea nitrogen 

CENCAM 
Consortium on the Epidemic of Nephropathy in Central America and 
Mexico 

CKD 
Chronic kidney disease according to Kidney Disease: Improving Global 
Outcomes (KDIGO) criteria 

CKDu Chronic kidney disease of unknown cause 

CKDnt Chronic kidney disease of non-traditional origin 

CrCl Creatinine clearance 

eGFR Estimated glomerular filtration rate 

ESRD End stage renal disease 

GFR Glomerular filtration rate 

Hb Hemoglobin 

IL-18 Interleukin 18 

Hct Hematocrit 

masl meters above sea level 

MeN Mesoamerican nephropathy 
NAG N-acetyl-beta-(D)-glucosaminidase activity 

NGAL Neutrophil gelatinase-associated lipocalin 

NSAID Non-steroidal anti-inflammatory drug 

PCK Phosphocreatine kinase 

RAAS Renin-angiotensin-aldosterone system 

RRT Renal replacement therapy 

S- Serum- 
SCr Serum creatinine 

U- Urinary- 

UA Uric acid 

WGBT Wet-globe bulb temperature 
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1. Introduction 

An epidemic of fatal chronic kidney disease of unknown cause (CKDu) unrelated to diabetes, 

hypertension and other known causes of CKD, has flagellated several Central American 

countries and possibly parts of Mexico since at least three decades (Ordunez et al, 2018; 

Wesseling et al, 2015). The main victims are young male agricultural workers, in particular 

sugarcane cutters (Wesseling et al, 2013 A). Tens of thousands of premature deaths have been 

attributed to this epidemic (Ramirez-Rubio et al, 2015). 

 
This CKDu epidemic has also been called chronic kidney disease of non-traditional origin (CKDnt) 

by recommendation of the Pan American Health Organization (PAHO, 2015). In the published 

literature it is mostly referred to as Mesoamerican nephropathy (MeN). In addition, some 

researchers have proposed names such as ‘nephropathy of unknown cause in agricultural 

laborers (NUCAL)’ (Subramanian & Javaid, 2016) and ‘chronic interstitial nephritis in agricultural 

communities (CINAC) (Orantes-Navarro et al, 2017). In this report the term chronic kidney 

disease of non-traditional origin (CKDnt) in compliance with the PAHO recommendation and 

sometimes, when pertinent, ‘Mesoamerican nephropathy’ in accordance with an agreement 

reached by the Consortium on the Epidemic of Nephropathy in Central America and Mexico 

(CENCAM) after the 2nd International Workshop on Mesoamerican Nephropathy in Costa Rica in 

2015. 

 
Prevailing hypotheses for occupational versus non-occupational etiology of CKDnt 

Many etiologic hypotheses have emerged over time. These were examined in three international 

workshops with attendance of experts in a variety of pertinent fields and each resulting in a high-

quality technical report (Cuadra et al, 2006; Wesseling et al, 2013 B, Wegman et al, 2016). After 

the 2nd International Workshop on MeN, CENCAM issued a statement stressing that MeN must 

have an important occupational component related to strenuous work, heat and insufficient 

rehydration, possibly in combination with other yet unidentified risk factors. In addition, CENCAM 

stressed that clarification was still needed for a potential role of pesticides, NSAIDs, infectious 

agents, genetic susceptibility, gene- environment interactions and social determinants in disease 

generation and progression. The consortium also considered that based on the existing evidence, 

an important role of heavy metals or alcohol could be excluded (ANNEX 1). Shortly after, PAHO 

published a technical report ‘Epidemic of chronic kidney disease in agricultural communities in 

Central America: Case definitions, methodological basis, and approaches for public health 

surveillance’, which focused on ‘a multideterminant model, allowing contemplation of all feasible 

risk factors, acting alone or in concert, and can thus reconcile different theories of causation’, 

including a life course approach (Hoy & Ordunez, 2017). Although the scientific community in 

general agrees on the potential risks and on a possible multicausal etiology, an overly holistic 

approach does not sufficiently consider that there must be a powerful driver able to cause a true 

epidemic like CKDnt is in Central America. A first question is: “If the primary driver were 

occupational and, alternatively, if the primary driver were non-occupational, which causes would 

be more likely or possible?” This etiologic division is illustrated in Table 1, which also considers 

the possibility of interactions between distinct occupational factors, between occupational and 

non-occupational factors, and between distinct non-occupational factors. 
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Establishing whether the CKDnt epidemic is driven primarily by work or by non-occupational causes 

and looking into the weight of the different risk factors in disease causation and progression is 

necessary. Occupational risk factors are in principle preventable, and more feasible to address 

directly than most non-occupational risk factors, and therefore it is crucial to disentangle them, if 

they exist, for the design of effective interventions. This document comprises a review of all 

relevant research on the CKDnt epidemic in Central America conducted to date. The purpose of 

this review is to establish the strength of evidence to consider CKDnt in Central America a disease 

primarily driven by risk factors in occupational settings. 

 

 
Table 1: Prevailing hypotheses potentially related to occupational vs non-occupational origin of 

CKDnt in Mesoamerica 

 
Occupational Non-occupational 

• Occupational heat stress 

• Occupational exposures to pesticides 

and other agrochemicals 

• Infectious agents: Leptospira, 

Hantavirus, other vector-borne diseases 

• NSAID medication due to work-related 

musculoskeletal diseases 

• Silica (crystalline quartz) 

• Metals 

• Interactions 

• Water contamination with toxic agent(s) 

o Pesticides, metals, other 

o Contamination of air, soil, food 

• Infectious agents: Leptospira, 

• Hantavirus, other vector-borne diseases 

• Genetic factors 

• Nephrotoxic medications (NSAIDs, 

certain antibiotics) 

• Behavioral: consumption of illegal 

alcohol, tobacco, fructose, herbal 

medicines (incl. aristolochic acid) 

• Low birth weight 

• Non-occupational environmental 

heat exposure 

• Interactions 

 
 
 

2. Methods 

Articles to be reviewed were identified in Pubmed with the keywords CKDnt, ‘Mesoamerican 

nephropathy’, ‘CKDu AND Central America’, and ‘chronic kidney disease AND Central America’. The 

basis of this report are epidemiologic findings, as opposed to opinions or assumptions. Articles 

containing results from epidemiologic studies were selected from a list of over 100 publications, 

and some pertinent university reports, master and doctoral theses were also considered for review. 

All these epidemiologic articles were reviewed, and 25 studies were considered adequate as a basis 

for examining the potential occupational nature of CKDnt in Mesoamerica. Box 1 lists the studies 

that were used for the purpose of this report, along with their design, the general topic, and the 

country where it was conducted. Special emphasis was given to well analyzed analytical 

epidemiologic studies with a stronger design, but also early descriptive studies were thoroughly 

examined for occupational vs non-occupational data. 
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The 25 studies were summarized extracting the following items: ‘authors, title, year of publication, 

setting (country, region, year(s) during which the study was conducted), design and objectives, 

population and time of follow-up, exposures and outcomes, covariates and statistical analyses, and 

main results. The studies were then examined regarding their strengths and limitations, and the 

validity of the authors’ conclusions. In addition, the evidence in favor of or against an occupational 

etiology was summarized for each study separately. 

A list of studies from Central America that were reviewed but not considered as evidence in favor or 

against the occupational nature of CKDnt in Mesoamerica can be found in ANNEX II. The reasons 

were because the design or nature of the study would not allow to address directly occupational 

etiology of kidney dysfunction (e.g. biopsy studies, experimental studies, clinical case series, studies 

measuring or describing exposure to heat and pesticides but not addressing associations with kidney 

function) or, in a few cases, validity concerns. Numerous articles about CKDnt not reporting research 

results were also consulted, notably literature reviews and opinion or hypothesis generating articles 

about pathophysiologic mechanisms, as well as selected epidemiologic studies and opinion articles 

from Sri Lanka, India, United States and Brazil. Although such scientific documents are not the focus 

of this review, many of these studies and scientific arguments have provided important insights. 

Thus, in this report, data regarding the different hypotheses outlined in Table 1 were extracted from 

the reviewed studies and summarized together with relevant background information, always with 

a view on occupational or non-occupational etiology. Finally, an overall conclusion based on the 

evidence and the strength of the evidence pro and against occupational drivers of CKDnt in 

Mesoamerica is presented. 
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Box 1. Studies used for examination of evidence for an occupational nature of CKDnt in Mesoamerica 

 
Studies in worker populations 

1. Cross-sectional comparing different occupations 
a) McClean et al, CAO report, 2012: Kidney function in relation to toxic exposures and hot occupations: sugarcane workers, miners, 

construction workers and port workers in Nicaragua. 

b) Wesseling et al, BMJ Open, 2016: Kidney function and hydration in sugarcane cutters, construction workers and subsistence 

farmers in Nicaragua. 

2. Cross-shift in sugarcane cutters 
a) García-Trabanino et al, Environ Res, 2015: Cross-shift hydration and kidney function changes at end of harvest in sugarcane 

cutters in El Salvador. 

b) Crowe et al, Umeå University doctoral dissertation, 2014. Liquid consumption, wet bulb globe temperatures (WBGT), and urinary 

indicators for dehydration and kidney injury in repeated pre and post-work shift samples in cane cutters, mid-harvest, Costa Rica. 

c) Sorensen et al, JOEM, 2018: repeated cross-shift hydration, kidney function and biomarkers of kidney injury 3 times over two 

months at end of harvest among cane cutters in Guatemala. 

3. Occupational cohorts 
a) Laws et al, IJOEH, 2015 & Laws et al, OEM, 2016: Cross-harvest cohort on kidney function changes and biomarkers of tubular 

injury in different job categories of sugarcane workers in Nicaragua. 

b) Wesseling et al, Environ Res, 2016: Cross-harvest and repeated cross-shift kidney function and hydration changes in sugarcane 

cutters and a reference group in Nicaragua. 

c) Butler-Dawson et al, JOEM, 2018. Cross-harvest change in kidney function among cane cutters in Guatemala. 

d) Riefkohl et al, IJOEH, 2017: one-harvest follow-up of sugarcane workers for leptospirosis and relation of seropositivity with kidney 

dysfunction in Nicaragua. 

e) Gallo-Ruiz et al, AJKD, in press: a 4-month follow-up of brickmaking workers for defining CKD and associations with risk factors in 

Nicaragua. 

f) Kupferman et al, AJKD, 2018: 6- and 12-month follow-up of acute kidney injury (AKI) cases identified at end of harvest among 

active sugarcane workers for progress to CKD in Nicaragua. 

g) Fischer et al, Kidney Int, 2018: follow-up (max 1007 days) of incident cases of AKI among sugarcane workers for progression to 

CKD in Nicaragua. 

4. Intervention studies 
a) Bodin et al, OEM, 2017 and Wegman et al, Scand J Work Environ Health, 2018: Pilot year of a water, rest and shade (WRS) and 

efficiency intervention among cane cutters in El Salvador. 

Studies in the general population 
1. Community cohort 

a) Gonzalez-Quiroz et al, BMC Nephrol, 2018: two-year follow-up of changes in kidney function among young healthy adults, men 

and women, in an area with high risk for CKDnt in Nicaragua. 

2. Population-based prevalence surveys 
a) Torres et al, AJKD, 2010: Prevalence of kidney dysfunction in 5 communities with different economic activities, prevalence by 

current occupation, in Nicaragua. 

b) O'Donnell et al, Nephrol Dial Transplant, 2011: Prevalence of kidney dysfunction in 22 communities of one rural municipality; 

with nested case-control type analysis, in Nicaragua. 

c) Orantes et al., MEDICC, 2011: Prevalence of kidney dysfunction in 3 communities in a high-risk area, in El Salvador. 

d) Peraza et al, AJKD, 2012: Prevalence of kidney dysfunction in 5 communities with different economic activities, prevalence by 

current and past occupation, in El Salvador. 

e) Raines et al, MEDICC, 2014: Prevalence of kidney dysfunction in a hotspot, with nested case-control type analysis and restricted 

to agricultural workers, in Nicaragua. 

f) Orantes et al, MEDICC, 2014: Prevalence of kidney dysfunction in two agricultural communities and in agricultural and other 

occupations, in El Salvador. 

g) Lebov et al, Can J Kidney Health Dis, 2015: Prevalence of kidney dysfunction among large sample of the population of León, 

Nicaragua. 

Other studies 
a) Kupferman et al, AJKD, 2016: Cross-sectional family-based study with clinical characterization of CKDu and comparison between 

volunteer CKDu patients and non-CKDu family members in a hotspot in Nicaragua. 

b) Ramírez-Rubio et al, NDT, 2015: Comparison of biomarkers of kidney injuries in children and adolescents of 4 schools in three 

different economic areas with different CKDnt risk in Nicaragua 

c) Sanoff et al, Ren Fail, 2010: Prevalence of kidney dysfunction among volunteers screened in 9 municipalities, with nested case – 

control analyses, in Nicaragua 

d) Gracia-Trabanino et al. Nefrología. 2005;25(1):31-8. Prevalence of proteinuria through screening of male volunteers in coastland 

and highland areas, with a follow-up of protein positive subjects for SCr. 
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3. Results 

 
3.1 Background history 1990s – present 

 
Abnormal occurrence of CKD unrelated to the traditional causes of diabetes and hypertension was 

first noted by clinicians as well as workers during the 1990s (Yaqub, 2014). From the very start, 

CKDnt was considered an occupational disease, and it was especially linked to work in sugarcane. 

In Costa Rica, nephrologists called the new clinical entity “Sugarcane worker nephropathy” 

(Cerdas, 2005). In El Salvador, end stage renal disease (ESRD) was examined in two hospital case 

series in the early 2000s, and both studies found that almost 70% of the terminal hospitalized cases 

had no known cause (Trabanino et al, 2002; Flores-Reyna et al, 2003). Among CKDnt cases, most 

patients were young, male agricultural workers living in coastal areas. Occupational exposures to 

pesticides were suspected. 

 
In Nicaragua, already during the 1990s pre-employment screening was carried out among 

applicants for work during the sugarcane harvest and an increasing number of workers with 

elevated serum creatinine (SCr) (>1.3 mg/dL) was observed over the 1990s (Zelaya, 2001). 

Populations known to be most affected were field workers and, in particular, cane cutters. Already 

during those years, the sugarcane company had a nephrologist at the company hospital and there 

was a protocol for workers with kidney disease. When the number of abnormal SCr reached an 

‘alarming’ prevalence of 19 per 1000 job applicants in 1999, the company doctor conducted an 

epidemiologic ‘outbreak’ study together with the Autonomous University of Nicaragua in León 

(UNAN – León), with 468 CKD cases and 468 randomly selected controls. Cases ingested 

significantly less water and electrolytes than controls and consumed more non-steroidal anti-

inflammatory drugs (NSAIDs). Drinking water was found to be hard, with silica and calcium, but 

drinkable. Metals were analyzed and not found; pesticides were not analyzed due to lack of local 

facilities and as such not discarded as a potential cause. The conclusion of the earliest analytical 

epidemiologic study was that strenuous physical work in high environmental temperatures 

without a proper hydration program leads to heat fatigue syndrome (insolation) and subsequently 

to CKD (Zelaya, 2001). 

 
During the first half of the 2000s, several studies were conducted in communities and occupational 

groups. These studies as well as analyses of national CKD morbidity and mortality statistics were 

summarized for the Central American Workshop on CKD held in León, Nicaragua in 2005 (Cuadra 

et al, 2006). In general, the methodologic description of these preliminary studies was insufficient 

to include them in this review. However, one repeated finding worth mentioning was a large gap 

in CKD rates between male and female sex in populations living in sugarcane areas in Nicaragua. 

This is an indicator in favor of an occupational etiology and against a non-occupational etiology, 

such as water contamination by a pesticide or other toxic agent where both men and women 

should be affected equally (see as an example Fig 1) (Cuadra et al, 2006). 
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Fig 1: CKD morbidity (rates per 100.000 population) among men and women living in 

areas with sugarcane cultivation (red lines) and without sugarcane cultivation (blue 

lines). Source: Estadísticas vitales de Nicaragua. Marín-Ruiz & Berroterán, 2002. In: 

Cuadra et al, 2006. 

 

 
Seven years later, the ‘1st International Workshop on MeN’ was held in San José, Costa Rica. By 

that time several prevalence studies had been published that shed light on the extent of the 

disease; in addition, the first analytical epidemiologic studies were ongoing in Nicaragua. The 2012 

workshop discussed in-depth the findings of these studies, considering the various hypotheses 

listed in Table 1, along with pathophysiologic and experimental evidence (Wesseling et al, 2013 B; 

Wesseling et al, 2014 A). Most studies conducted during that period are included in this review.  

The workshop participants concluded that the strongest hypothesis was repeated episodes of 

occupational heat stress with water and solute loss, probably in combination with other potential 

risk factor(s), such as nonsteroidal anti- inflammatory drugs, inorganic arsenic, leptospirosis, or 

pesticides. Interventions to reduce heat stress and improve hydration with controlled trials were 

recommended. In addition, recommendations were given for future studies and their design. 

 
Three years later, in 2015, the ‘2nd International Workshop on Mesoamerican Nephropathy’ was 

held in San José, Costa Rica. Again, there was a general scientific consensus based on multiple 

studies by different research groups in several countries, that CKDnt in Mesoamerica has a 

predominantly occupational component and that there was growing evidence for a causal role of 

strenuous work, heat and insufficient rehydration as risk factors in CKDnt. Progress had been made 

towards clarifying pathophysiological pathways for heat stress leading to chronic kidney disease. 

And as in the 2012 workshop, intervention studies were recommended to reduce heat stress and 

dehydration in high risk workers (Wegman et al, 2016, see ANNEX I). 

 
Nonetheless, following the 2015 workshop, concerns for potential causes other than heat stress 

remained in part of the scientific community, in particular related to pesticides (Ordunez et al, 

2014; Ordunez & Silva, 2014; Silva & Ordunez, 2014; Correa-Rotter et al, 2014; Hanson et al, 2014; 

Wesseling et al, 2014 B; Alonso-Galban, 2018; Wesseling & Weiss, 2018). An extensive global 

review of pesticide as a potential cause of CKDu was recently published (Valcke et al, 2017). The 

authors concluded that “existing studies provide scarce evidence for an association between 

pesticides and regional CKDu epidemics but, given the poor pesticide exposure assessment in the 
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majority, a role of nephrotoxic agrochemicals cannot be conclusively discarded. Future research 

should procure assessment of lifetime exposures to relevant specific pesticides and enough power 

to look into interactions with other major risk factors, in particular heat stress”. A recent systematic 

review of CKDu, including meta-analyses for a number of risk factors, concluded that there was 

not enough evidence for any of the potential etiologies (González-Quiroz et al, 2018 A). However, 

the latter review, despite having dedicated substantial efforts to qualify studies according to design 

and different types of bias, then conducted meta-analyses without any consideration of bias in the 

studies and some were based on very few studies. Overall, since 2015 a considerable number of 

studies of stronger design in Nicaragua, El Salvador and Guatemala have examined heat stress, but 

also pesticides, infectious disease etiology and genetic factors, opening important insights into 

etiology and possible pathophysiologic pathways, as outlined below. 

 

 
3.2 Clues for an occupational etiology from cross-sectional population-based and 

occupational surveys 

 
The population-based cross-sectional studies in Central America, all published between 2010 and 

2015, showed without exception a considerably higher prevalence of kidney dysfunction among 

men than among women in high-risk communities (male to female ratio between 2.3 and 4.5), 

whereas in communities with no identified risk for CKDnt sex differences were small or absent 

(Table 2). The concentration of CKD cases among men suggests that occupation strongly 

contributes to the disease, unless there is a clear biological difference in disease susceptibility 

between sexes. However, such susceptibility is not supported by the results of multiples studies. 

Data show that the higher prevalence among men is due to a gender rather than a sex difference, 

possibly harsher and hotter work conditions experienced by men. 

 
Several of these population-based surveys also examined prevalence of kidney dysfunction by 

specific occupational categories. When scrutinizing in these studies the estimated glomerular 

filtration rate (eGFR) < 60 ml/min/1.73m2 within occupational categories by sex, the excess among 

male sex considerably reduces or disappears. In Nicaragua, Torres et al. (2010) found a M:F ratio 

of 4.0 for the overall study population in the two high risk communities of the study, but the M:F 

ratio among agricultural workers was less remarkable at 1.3 (25% for men and 19% for women). 

Similar findings were seen in workers of non-risk economic sectors with a ratio of 1.4 in the service 

sector (7% men and 5% women) and 0% in non-economically active students for both sexes. In this 

study, other (current) occupations with cases of kidney dysfunction were mining, construction, 

fishing and artesan manufacturing. In all these occupations cases concentrated among men, but 

there were either only a few women workers or only a few cases of kidney dysfunction. Conversely, 

4% of the economically inactive housewives had reduced kidney function, lower than in any 

economically active population of the study. In another large population-based survey in Leon, 

Nicaragua, with an overall M:F ratio of 2.5, there was a strong association between kidney 

dysfunction and years of agricultural work for both men and women (Lebov et al, 2015). In El 

Salvador, Peraza et al (2012) (overall M:F ratio of 2.8 in two high-risk communities) compared 

different kinds of agricultural work with the category of never having worked in agriculture, 

separately for men and women. Having worked on sugarcane or cotton plantations in coastal areas 

strongly associated with an increased prevalence of kidney dysfunction in both men and women, 
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with for each ten years of coastal sugarcane or cotton plantation work tripling the risk for men and 

more than doubling the risk for women (age and smoking adjusted male OR 3.1 (95% CI 2.0, 5.0), 

and female OR 2.3 (95% CI 1.4, 3.7). 

 
Table 2. Male to female ratios of low kidney function in cross-sectional population-based 

studies 

Country Reference M to F ratio 
eGFR < 60 ml/min/1.73 m2 

Other indications or 
associations pro 

occupational etiology 
Nicaragua Torres et al, 

2010 
3.1 
4.0 
1.0 

All 5 communities 
2 highest-risk communities 
Coastal service community 
Age 20-60 

Cases concentrated in villages 
with hot economic activities 
(mining/farming and 
banana/sugarcane) 

 O'Donnell et al, 
2011 

3.1 Age 18-56 
- 

 Raines et al, 
2014 

4.3 Age 15-69 Associations with years of 
sugarcane cutting and chewing 
cane 

 Lebov et al, 
2015 

2.5 Age 18-70 Association with years of 
agricultural work for both men 
and women 

El Salvador Orantes et al, 
2011 

4.1 Age ≥ 18 
- 

 Peraza et al, 
2012 

2.3 
2.8 
0.5 

All 5 communities 
Two coastal communities 
Higher altitude communities 
Age 20-60 

Association with years of coastal 
sugarcane/cotton plantation 
work in men and women 

 Orantes et al, 
2014 

4.5 In two rural communities 
Age ≥ 18 

- 

 

 
The cross-sectional population-based surveys and a few other studies also have provided data about 

occupations at risk for CKDnt. It is often pointed out indiscriminately that (young, male) agricultural 

workers are the population preferentially affected by CKDnt (O’Donnell et al, 2010; Orantes et al, 

2011; Orantes et al, 2014; Lebov et al, 2016). However, not all agricultural workers are affected 

equally. Agricultural worker populations who were reported to have high prevalences of kidney 

dysfunction are sugarcane cutters and other sugarcane field workers, any agricultural field workers, 

cotton workers, banana workers, and corn farmers (Torres et al, 2010; Sanoff et al, 2010, McClean 

et al, 2010, Orantes et al, 2011; 2014; Peraza et al, 2012; Raines et al, 2014; Wesseling et al, 2015; 

García-Trabanino et al, 2015). However, of note is that several studies, both in El Salvador (Peraza 

et al, 2012) and in Nicaragua (Torres et al, 2010; Laux et al, 2012; Wesseling et al, 2015) did not find 

excess kidney dysfunction among subsistence farmers and coffee farmers who had never worked 

in plantation agriculture. This was attributed to small farmers having more control over their 

working conditions. It is more likely that independent farmers choose the fresher hours for work 

and the hotter hours for rest than agricultural workers employed on plantations (Brooks et al, 2012). 

 

Also some non-agricultural occupations have been found to have moderate to high prevalences of 

kidney dysfunction in different studies: fishermen 7.2%, shrimp farmers 10%, construction workers 

5-15%, miners 6-16%; artisan workers 14%, port workers with heavy labor (8%) and brick makers 

12% (Torres et al, 2010; McClean et al, 2010; Murray et al, 2015; Gallo-Ruiz et al, 2019). Notably, 
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all these occupations are characterized by heat exposure, and none by pesticide exposures. A 

limitation of most studies analyzing risks by occupation, is that only current occupation was 

considered and not lifetime work history, which may oversee risks from past occupations and may 

erroneously signal current occupations. Nonetheless, together these studies show clearly that not 

only agricultural populations are at risk for CKDnt. In addition, two studies did consider past 

occupational history in the analysis or design and a third included a longitudinal component. 

Peraza et al (2012) disentangled sugarcane and cotton plantation work from subsistence farming 

in El Salvador. Wesseling et al (2016 A) disentangled sugarcane cutting, construction and 

subsistence farming in Nicaragua. This latter study is described in detail in ANNEX 3 (Study 1). Yet 

another study recently reported a follow- up of brickmakers for four months and established a high 

prevalence of CKD (Gallo-Ruiz et al, 2019); a detailed description of this study can also be found in 

ANNEX 3 (Study 10). 

 
Most cross-sectional surveys did not specifically examine kidney dysfunction in economically 

inactive populations. An exception is the early study in Nicaragua by Torres et al (2010) which 

reported a 4% prevalence among housewives (all females), far below the prevalence in agricultural 

workers, and did not find any cases among students of either sex. In this study, unemployed men 

had a high prevalence (31%), which was explained because men with high SCr were not hired for 

work in sugarcane, the main employment option in the study area, and therefore became 

consequently unemployed. 

 
None of the above cross-sectional surveys provided solid evidence that pesticides play a primary 

role in kidney disease. Sanoff et al (2010) and O’Donnell et al (2012) reported non- significant 

associations of pesticide exposure with eGFR <60 ml/min/1.73m2; however, the analyses were not 

adjusted for heat exposure (concomitant with pesticide use in agriculture). In one study in El 

Salvador (Orantes et al, 2014), CKD prevalence was examined in a semi-urban community, Las 

Brisas, reportedly with widespread contamination of well water with the organochlorinated 

insecticide toxaphene, and possibly other pesticides, which originated in the dismantling of a 

pesticide storehouse by the community. Among the adult population in Las Brisas, 13% had 

eGFR<60 ml/min/1.73m2, equal for men and women and for agricultural and non-agricultural 

workers. 

 
3.3 Findings for non-occupational risk factors 

 
Potential non-occupational risk factors for reduced kidney function were examined in most 

studies. Practically all studies found a relation with increasing age. For health-related factors 

(hypertension, diabetes, kidney stones, BMI, intake of nephrotoxic drugs such as NSAIDs) and 

behavioral factors (alcohol, smoking, recreational drugs), findings were negative or, at the most, 

inconsistent between studies. An association with elevated water intake and CKD was observed in 

a Nicaraguan screening program of volunteers and interpreted as possibly due to  consumption of 

contaminated water or to decreased capacity of the injured kidney to concentrate urine (Sanoff et 

al, 2010). However, as demonstrated later in analytical studies, high water intake may also reflect 

work with higher physical workload among the affected population. On the same line, high BMI 

was in general not a risk factor and in several studies appeared even protective, which can be 

explained in the same way (Torres et al, 2010; Wesseling et al, 2016 A). 
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Regarding associations reported in cross-sectional surveys that could point to a non- occupational 

origin of CKDnt in the region, some studies have examined markers of kidney damage (albuminuria, 

proteinuria, hematuria) and eGFR among women and children. In El Salvador, CKD prevalence 

among women was reported based on CKD stage 1-5 (Orantes et al, 2011; Orantes et al, 2014, Vela 

et al, 2014; Orantes-Navarro et al, 2014), which is not comparable with other studies in the region. 

Comparing the prevalences of CKD stage 3 and higher (eGFR < 60 ml/min/1.73m2) in the 

Nicaraguan and El Salvadoran cross-sectional surveys for female populations in regions with high 

risk of CKDnt (including both economically active and inactive women), these are all between 4 

and 5% (Torres et al, 2010; O’Donnell et al, 2012; Lebov et al, 2015; Orantes et al, 2011; Peraza et 

al, 2012; Orantes et al, 2014), except in the above-mentioned community Las Brisas in El Salvador 

with 13%, possibly related to toxaphene contamination (Orantes et al, 2014), and Chichigalpa in 

Nicaragua with 10%, possibly because many women of this community have been employed in 

sugarcane (Raines et al, 2014). Yet, female CKD mortality in Nicaragua and El Salvador, although 

much lower than male CKD mortality men, exceed national female CKD mortality in the 

neighboring countries (Ordunez et al, 2018), and Costa Rica women in the endemic region of 

Guanacaste also have a double CKD mortality rate compared to the rest of the country (Wesseling 

et al, 2015). These spatially varying mortality data have been explained as possibly related with 

environmental toxic agent. However, environmental heat could be a risk factor as well. 

 
There are several reports in the region describing kidney injury among children. Orantes- Navarro 

et al (2016) documented glomerular hyperfiltration in children and adolescents (age 2-17) in the 

same communities with high CKDnt prevalence in adult population. However, the authors used 

the Schwartz equation for estimating kidney function in children over a large age range and did 

not discuss how this affected the estimation of GFR. The incidence of ESRD in children at 22 

dialysis centers in Guatemala was higher in Guatemala City (as expected for being the capital) and 

in departments along the Pacific Coast, where also the sugarcane is grown, a cluster that could 

not be explained by chance. In 43% of these ESRD cases in children, the cause was unknown 

(Cerón et al, 2014). In Nicaragua, early markers of tubular kidney injury were elevated in 

adolescents of two high risk sugarcane communities as compared to low risk communities 

(Ramírez-Rubio et a, 2015). This latter study is described in detail in ANNEX 3 (Study 16). The 

hypotheses about underlying causes that emerged from these observations of kidney damage 

early in life were exposure to pesticides in agricultural communities and social determinants in 

these mostly vulnerable communities such as low birthweight, infectious diseases and 

malnutrition (Orantes-Navarro et al, 2016), with early kidney damage leading to increased 

susceptibility for kidney insults later in life (Ramírez-Rubio et al, 2015), but none of these potential 

risk factors was addressed in these descriptive and cross-sectional studies. 
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3.4 Evidence for and against occupational etiology provided by analytical 

epidemiologic studies 

 
The studies discussed in this section had stronger designs than the cross-sectional descriptive 

surveys described in sections 3.1-3.3, and consisted in its majority of cross-shift, occupational 

cross-sectional, occupational cohort, occupational intervention, and community cohort designs. 

As such, hydration and kidney function parameters were compared between different 

occupational groups, pre and post work shift, before and at end of a harvest season, before and 

after providing a WRS intervention, before and after incidence kidney injury events, as well as 

clinical and other characteristics between individuals with and without kidney damage, in relation 

to potential causal factors. 

 
As stated by CENCAM, the main hypothesis for CKDnt in Mesoamerica is occupational heat stress 

from strenuous physical work in hot climatic conditions with insufficient rehydration (see ANNEX 

1). As sugarcane cutters or, in general, sugarcane fieldworkers have been identified both as exposed 

to dangerous heat stress (Crowe et al, 2009; Crowe et al, 2013; Crowe et al, 2015; Lucas et al, 2016) 

and as a population at a particular high risk for CKDnt in the region (Zelaya, 2001; Cuadra et al, 2006; 

Torres et al, 2010; Peraza et al, 2012, Correa- Rotter et al, 2013), many of the studies listed in Box 

1 were conducted in sugarcane worker populations and dealt directly or indirectly with heat stress 

(Crowe et al, 2014; García- Trabanino et al, 2015; Laws et al, 2015, 2016; Wesseling et al, 2016 A 

and B; Butler- Dawson et al, 2017; Sorensen et al, 2018; Bodín et al, 2016; Wegman et al, 2018). 

Several studies have examined pathophysiological pathways, particularly related to a possible acute 

phase of CKDnt that then progresses to CKD (Kupferman et al, 2018; Fischer et al, 2018 A). One 

study explored infectious etiology, namely Leptospira infection (Riefkohl et al, 2018), and another 

study investigated the clinical phenotype of CKDnt patients comparing them with healthy family 

members and with CKD patients of the US-NHANES (Kupferman et al, 2017). A recent study followed 

up a non-agricultural population of brick makers (Gallo-Ruiz et al, 2019). A few studies were not 

conducted in worker populations, specifically a community cohort exploring the natural history of 

CKDnt (Gonzalez-Quiroz et al, 2018 B) and the earlier mentioned cross-sectional study focusing on 

potential early kidney damage among adolescents (Ramírez-Rubio et al, 2015). 

 
Together these studies have significantly advanced the understanding of etiology and 

pathophysiology for the populations at risk of CKDnt in Mesoamerica, complemented by 

epidemiologic studies outside the Mesoamerican region, several biopsy studies and experimental 

research. Table 3 summarizes the aim and setting of the 16 most pertinent analytical epidemiologic 

studies conducted in the Central America region along with evidence pro and against an 

occupational origin of CKDnt in Mesoamerica. In addition, detailed extracts with methods, main 

findings, limitations and conclusions for each of these studies are included in ANNEX 3. 
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Table 3. Summary of evidence pro and against an occupational nature of Mesoamerican nephropathy 
 

Study Design and aim 
/Country and date 

Population Authors’ conclusions Evidence pro 
occupational nature 

Evidence against 
occupational 

nature 

Quality comments Future studies 
recommended 

by authors 
1.Wesseling et 
al, 2016 A 

Cross-sectional 
study comparing 
heat stress, 
hydration and 
kidney function in 3 
hot occupations 

 
Nicaragua 
Mid-sugarcane 
harvest, January 
2013 

M 194 
Age 17-39 y 
Cane cutters, 
construction 
workers, 
subsistence 
farmers living and 
working in the 
same CKDnt 
hotspot. 

Heat stress, dehydration and 
kidney dysfunction were 
most common in cane 
cutters. Kidney dysfunction 
occurred also in construction 
workers but hardly in 
subsistence farmers. S-UA 
was very high and correlated 
inversely with eGFR. 

-Differences in markers of 
dehydration and kidney 
dysfunction for workers in 
different jobs in the same 
region 
-Cane cutters with better 
general health but worse 
kidney function points to 
physically demanding work 
-Electrolyte solution was 
preventive 
-No associations for non- 
occupational risk factors 

None The study is cross- 
sectional, but it has a 
well-planned design 
and solid analyses. 

 
The results are clear. 

Associations of 
intake of water 
and sugary drinks 
and kidney 
function, and the 
role of 
hyperuricemia on 
the 
pathophysiologic 
pathway of CKDnt 

2.García- 
Trabanino et al, 
2015 

Cross-shift study to 
assess heat stress 
and dehydration 
and examine 
associations with 
biomarkers of renal 
function and heat 
strain. 

 
El Salvador 
End of sugarcane 
harvest, April 2013 

M 168, F 21 
Age 18-49 y 
Cane cutters from 
3 regions 

The study shows the very hot 
environment for El 
Salvadoran sugarcane cutters 
and substantial cross-shift 
changes, indicating a heavy 
load on the kidney to 
counteract dehydration. 
Possible pathophysiologic 
pathways include decreased 
renal blood flow, high 
demands on tubular 
reabsorption, and increased 
levels of uric acid. 

-Pre-shift eGFR was <60 
ml/min/1.732 in 14% of the 
men (mean age 33 y). 
-Cross-shift changes for 
blood pressure and for 
kidney-related serum and 
urine biomarkers involved 
in maintaining water and 
electrolyte balance are 
consistent with recurrent 
dehydration from 
strenuous work in hot, 
humid environment. 

None The one-day 
examination at end of 
harvest likely reflects a 
healthy worker effect, 
i.e. ill workers may 
have already left the 
harvest and the true 
impact of the work 
conditions may have 
been underestimated. 

 
The results are clear. 

Intervention 
studies of water- 
rest-shade to 
prevent heat 
stress and 
dehydration 

3.Crowe et al, 
2014 

Three cross-shift 
urine biomarker 
examinations in one 
week to assess 
dehydration and 
kidney injury 

M 48 
Age 20-54 y 
Cane cutters 

The study demonstrates 
dehydration (more marked at 
the end of the shift) and of 
kidney injury (renal injury 
markers were more frequent 
pre-shift). More than a 

-Clear evidence of 
dehydration and kidney 
injury among heat stress 
exposed workers. 
-Overnight recovery was 
insufficient. 

None This study only 
analyzed urine 
samples. 
The design allowed 
evaluation of overnight 
recovery. 

-Studies on urinary 
biomarkers 
-Intervention 
studies 
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Study Design and aim 
/Country and date 

Population Authors’ conclusions Evidence pro 
occupational nature 

Evidence against 
occupational 
nature 

Quality comments Future studies 
recommended 
by authors 

   quarter of workers started     

Costa Rica the shift in a dehydrated The results are clear. 
Mid-sugarcane state at least once.  

harvest, January   

2012   

4.Laws et al, 
2015 

Cross-harvest 
cohort in five job 
categories of 
sugarcane field 
workers and two 
categories of non- 
field workers to 
investigate changes 
in kidney function 

 
Nicaragua 
Sugarcane harvest 
2010-2011 

M 251, F 33 
Mean age 34 y 
Cane cutters, seed 
cutters, seeders, 
irrigation workers, 
pesticide 
applicators, 
drivers and 
factory workers 

The observed decline in 
kidney function (eGFR) by job 
category provides evidence 
for occupational risk factors 
of CKDnt. The protective 
effect from electrolyte 
indicates that heat stress and 
dehydration play a role. 
There is no evidence for 
agrochemicals as causal 
agents. 

-Differences in kidney 
function decline between 
job categories 
-Degree of decline is in 
accordance to heat stress 
in the job categories 
-Protective effect from 
electrolytes 

None Healthy worker effect 
from pre-employment 
screening and loss to 
follow-up with likely 
underestimation of 
effects, especially for 
cane cutters 

 
Despite healthy worker 
effect, the results are 
clear. 

-Studies with 
direct 
measurements of 
exposure to heat 
and dehydration 
-Studies that 
characterize 
personal exposure 
to agrochemicals 

5.Laws et al, 
2016 

Idem, focusing on 
biomarkers of acute 
kidney injury 

Idem Biomarkers of acute kidney 
injury consistent with tubular 
injury increased during the 
harvest season varying by 
job, most notably among 
cane cutters; this indicates 
that occupational heat stress 
plays a role and that 
subclinical tubular kidney 
injury may lead to CKD over 
time. Using electrolyte 
solutions may protect against 
acute kidney injury. 

-Subclinical acute tubular 
kidney injury differed by 
job categories 
-Highest increase over the 
harvest was among cane 
cutters, the most heat 
exposed category 
-Electrolyte solution 
protected against acute 
injury 

None The same healthy 
worker effect as # 4, 
from pre-employment 
screening and loss to 
follow-up with likely 
underestimation of 
effects. 

 
Despite healthy worker 
effect, data are rather 
clear for cane cutters. 
Not enough is known 
about biomarkers of 
tubular injury, at times 
complicating 
interpretation. 

Studies with 
quantitative 
measures of fluid 
balance and 
evaluation of 
intake of 
electrolyte 
solutions to 
prevent 
dehydration 



19 

 

 

 

 
 

Study Design and aim 
/Country and date 

Population Authors’ conclusions Evidence pro 
occupational nature 

Evidence against 
occupational 
nature 

Quality comments Future studies 
recommended 
by authors 

6.Wesseling et 
al, 2016 B 

Cross-harvest 
cohort with 
repeated cross- 
shifts of sugarcane 
cutters and 
administrative 
referents 

 
Nicaragua 
Sugarcane harvest 
2012-2013 

M 29 cane cutters 
M 25 
administrative 
workers as 
referents 
Age 17-38 y 

The remarkable decrease in 
glomerular kidney function 
after only 9 weeks may 
explain why CKDu is common 
in the area. Cross-shift 
increases in SCr likely reflects 
dehydration (pre-renal 
dysfunction) which, repeated 
daily, may cause permanently 
reduced GFR. 

-Dehydration cross-shift 
among cutters is clear and 
repeated. 
-Remarkable cross-harvest 
changes in kidney function 
are seen among cutters but 
not in the referent 
population. 

None The follow-up of cane 
cutters was interrupted 
at 9 weeks, 
underestimating the 
true effect over the 
course of a harvest. 

 
Despite short follow-up 
time, the effect of cane 
cutting on hydration 
and kidney function is 
clear. 

Intervention 
studies of water- 
rest-shade to 
prevent heat 
stress and 
dehydration 

7.Butler- 
Dawson et al, 
2017 

Retrospective cross- 
harvest cohort of 
sugarcane cutters to 
characterize kidney 
function changes 
and associated 
occupational, 
clinical and personal 
risk factors 

 
Guatemala 
Sugarcane harvest 
2015-2016 

M 330 
Age ≥ 18, median 
28 y 
Cane cutters 

Both occupational and 
behavioral risk factors impact 
disease occurrence, 
especially associations with 

-14% at baseline had eGFR 
between 60 and 89 
ml/min/1.73m2 and 1% < 
60ml/min/1.73m2 

-Cross-harvest decline in 
kidney function in kidney 
function (eGFR) in 37% of 
cutters, young males, 31% 
with a decline in eGFR 1- 
20% and 6% with a decline 
in eGFR > 20% 
-3% of cutters declined 
over the harvest to below 
eGFR 60 ml/min/1.73m2 

-Low kidney function at 
baseline predicted severe 
eGFR decline over harvest 

According to 
authors, possible 
non-occupational 
contributory risk 
factors (smoking 
and residency) 

 

See discussion in 
Section 3.5. 
Interpretation of 
analytical 
epidemiologic 
studies 

A healthy worker effect 
from pre-employment 
screening and non- 
inclusion of 26% of 
workforce that left 
early, may have caused 
underestimation of 
true effect. 

 
The assessment of 
potential risk factors 
was very crude. 

 
Misclassification of 
outcomes due to 
inadequate 
categorization of 
change in kidney 
function. 

 
An unfeasible quantity 
of liquid intake was 
reported. 

Research also 
considering non- 
occupational risk 
factors according 
to Total Worker 
Health approach 
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Study Design and aim 
/Country and date 

Population Authors’ conclusions Evidence pro 
occupational nature 

Evidence against 
occupational 
nature 

Quality comments Future studies 
recommended 
by authors 

       
Overinterpretation of 
finding of association 
with smoking (low 
prevalence) and local 
residence (no further 
details, may be 
occupational). 

 
Despite biases, 
occupational effects on 
kidney function are 
observed. 

 

8.Sorensen et 
al, 2018 

Cross-shift 
examinations, once 
per month 3 times, 
to assess changes in 
kidney function in 
association with risk 
factors. 

 
Guatemala 
Towards end of 
sugarcane harvest 
Feb, March, April 
2017 

M 105 
Mean age 30 y 
83 cane cutters 
22 production 
workers 

Sugarcane workers with 
normal kidney function 
experience recurrent 
subclinical kidney injury, 
associated with elevations in 
biomarkers of injury that 
suggest exposure to high 
temperatures and extreme 
physical demands. 

Hydration and kidney 
function changes during 
the sugar cutting work 
shift. 

A pre-diabetic 
state in half of the 
population was 
also a predictor of 
decline of kidney 
function 

Despite repeated cross- 
shift measurements, 
the study has no 
longitudinal analyses of 
kidney function 
changes. Although the 
cross-shift associations 
were consistent with 
dehydration, heat and 
inflammation, in the 
descriptive analyses 
many biomarkers 
improved on average 
over the shift and often 
also longitudinally. 

 
Unfeasible amounts of 
liquid intake are 
reported. 

 
Results are consistent 
with kidney damage 

Longitudinal 
research into heat 
stress exposures 
synergizing with 
other 
environmental 
exposures 
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Study Design and aim 
/Country and date 

Population Authors’ conclusions Evidence pro 
occupational nature 

Evidence against 
occupational 
nature 

Quality comments Future studies 
recommended 
by authors 

      from heat stress and 
dehydration, but some 
questions remain open. 

 

9.Riefkohl et al, 
2017 

Cross-harvest 
cohort of 7 job 
categories of 
sugarcane workers 
(same as study 4-5) 
and a cross- 
sectional evaluation 
of 4 additional 
groups of workers: 
analyses of 
pertinent Leptospira 
infection 
biomarkers to 
establish 
seropositivity 
prevalence and 
cross-harvest 
infection incidence, 
as well as 
associations with 
kidney function 

498 subjects 
-sugarcane 
workers (see 
study 4-5). 
-non-hired job 
applicants and a 
sample of miners, 
construction 
workers and port 
workers 
Age ≥ 18 y 

There was a high prevalence 
of Leptospira seropositivity 
with significant differences by 
job category, with 
fieldworkers more affected 
than non-field workers, and 
cane cutters the highest. The 
incidence of seroconversion 
was very low. Miners had the 
highest prevalence among 
other industries. There was 
some evidence that 
Leptospira seropositivity 
associates with elevated 
levels of biomarkers of kidney 
injury. 

None 
 

This study shows that 
exposure to Leptospira is 
higher among sugarcane 
field workers and miners 
(as expected due to more 
contact with soil 
contaminated with rat 
urine), and some 
association with 
biomarkers of kidney 
injury, but the study does 
not provide evidence of 
Leptospira as a cause of 
CKDnt. 

None This study has the 
same loss to follow-up 
as # 4-5. Overall, the 
study was well- 
conducted and 
analyzed. 

 
The results are clear. 

-Studies to 
confirm or discard 
the association 
between 
Leptospira 
seropositivity and 
biomarkers of 
kidney injury 
-Studies on 
interaction 
between 
Leptospira and 
other potential 
causes of CKDnt 

 
Nicaragua 
Sugarcane harvest 
2010-2011 

      

10.Gallo-Ruiz et 
al, in press 

Prospective cohort 
study among 
brickmakers to 
establish prevalence 
of CKD in a non- 
agricultural hot 
occupation 

Baseline 257 
brickmakers (M 
220, F37) 
Follow-up 224 (M 
192, F 32) 
Age 18-60 y, mean 
age 34 y 

CKD prevalence was high 
among brickmakers, 
providing evidence that the 
CKDnt epidemic is not limited 
to sugarcane or agricultural 
workers. Within this industry, 
the risk for CKD was higher 

-High prevalence of CKD 
(eGFR <60 ml/min/1.73m2 

twice, 4 months apart) in a 
hot occupation. 
-Workers with highest heat 
exposure were most 
affected. 

None 
 

Several 
associations of 
CKD with non- 
occupational risk 
factors: no formal 

The several sources of 
bias in the study (crude 
exposure assessment 
of heat stress, loss to 
follow up and some 
participants not 
working at follow up) 

-A study 
evaluating genetic 
markers of familial 
clustering of CKD 
(because of the 
association of CKD 
with having a first 



22 

 

 

 

 
 

Study Design and aim 
/Country and date 

Population Authors’ conclusions Evidence pro 
occupational nature 

Evidence against 
occupational 
nature 

Quality comments Future studies 
recommended 
by authors 

  
Nicaragua 
Recruitment 
February 2016 
Follow-up till June 
2016 

 among oven workers, with 
the greatest heat exposure. 
The results are consistent 
with the hypotheses that 
occupational heat exposure 
and socioeconomic 
conditions may be 
contributing factors to MeN. 

-Low water intake and 
longest work week 
associated with decline in 
eGFR over the observation 
period 

education, alcohol 
consumption and 
having a first- 
degree relative 
with CKD. 

 
See discussion in 
Section 3.5. 
Interpretation of 
analytical 
epidemiologic 
studies 

likely produced bias 
towards the null with 
underestimation of the 
true effect. 

 
The results are clear 

degree relative 
with CKD) 

11.Kupferman 
et al, 2018 

Retrospective 
cohort for 
identification of AKI 
cases among active 
sugarcane workers 
over harvest 2014- 
2015 and a 
prospective one- 
year follow-up of 
AKI cases to study 
progress to CKD. 

M 326 sugarcane 
workers (cane 
cutters, seeders/ 
seed cutters, 
weeders, 
pesticide 
applicators, 
irrigators) 
Age 18-60 y 

 
34 AKI cases 
Mean age 37y 

The study provides clear 
evidence that AKI is a 
common event during the 
sugarcane harvest season. 
Nearly half of those with 
kidney injury progressed to 
CKD 12 months later. 

-AKI developed during the 
harvest season in active 
sugarcane workers, 
particularly in cane cutters, 
the highest physically 
demanding job. 
-Over a third of these AKI 
workers developed CKD 
over the next year. 

None Insufficient explanation 
on how occupational 
activities during the 
one-year follow up 
impacted progression 
to CKD. 

 

The results are clear. 

Research on the 
connection 
between AKI and 
CKD in the 
pathogenesis and 
natural history of 
CKDnt in 
Mesoamerica 

 Nicaragua 
May 2015 - June 
2016 

      

12.Fischer et al, 
2018 

A cohort of incident 
cases of AKI to 
assess predictors for 
progression to CKD 

 
Nicaragua 

586 (M 529, F 56) 
cases presented 
at ISA company 
hospital with 
acute symptoms 
and kidney 
dysfunction 

Clinical markers (earliest 
signs) to inform on risk for 
progression from AKI to CKD 
were documented. There is a 
rapid progress, usually within 
6 months. 

-AKI developed among 
workers, no cases in family 
members who also have 
access to the hospital 
services were reported. 
-AKI occurred more 
frequently among males 

None 
 

Emerging 
questions about 
etiology and 
progression 

Predictors are based on 
revision of routinely 
collected clinical data. 

 
The frequency of 
progression to CKD 
may be greater due to 

-Etiologic 
research, defining 
risk factors for 
acute and chronic 
MeN 
-Studies to clarify 
the role of 
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Study Design and aim 
/Country and date 

Population Authors’ conclusions Evidence pro 
occupational nature 

Evidence against 
occupational 
nature 

Quality comments Future studies 
recommended 
by authors 

 Start of cohort Feb 
2015 with case 
finding till May 2017 
(28 months) and 
follow-up till 
November 2017 
(min 210 days, max 
1007 days). 

Median age 29 y 
 

49 (8.5%) AKI 
patients 
progressed to CKD 

Risk factors for progression to 
CKD were >30 y, high SCr, 
anemia, paresthesias, 
hyperuricemia and 
hyponatremia. A robust 
inflammatory response may 
be protective. 

and in the job categories 
with highest internal and 
external heat exposures. 

remain in the 
realm of work. 

possibly undetected 
CKD cases. 

 

The overall results are 
clear. 

anemia, systemic 
inflammation, 
hyperuricemia and 
other clinical 
events in the 
physiopathology 
-Design of 
interventions 

13a.Bodín et al, 
2016 

Evaluation of the 
mitigation of heat 
stress by a water- 
rest-shade (WRS) 
and efficiency 
intervention 
program among 
sugarcane cutters, 

 
El Salvador 
Sugarcane harvest 
2014-2015 

60 inland 
sugarcane cutters 
with intervention 
from mid-harvest 

A WRS intervention is feasible 
in sugarcane fields and 
appears to reduce the impact 
of the heat stress conditions 
for the workforce without 
reducing productivity 

None (see 13b) 
 

The significant decrease in 
heat strain symptoms and 
increased job satisfaction 
after introduction of 
intervention do not per se 
provide evidence for 
association with kidney 
function parameters 

None This study is associated 
with 13b, which 
reports the impact of 
the intervention on 
hydration and kidney 
function 

See 13b. 

13b.Wegman 
et al, 2018 

Cross-harvest study, 
including cross-shift 
examinations three 
times over harvest, 
to assess the 
potential of a WRS 
and efficiency 
intervention 
program to reduce 
kidney damage. 

 
El Salvador 
Sugarcane harvest 
2014-2015 

40 inland (M 39, F 
1) and 40 coastal 
(M 28, F 12) 
sugarcane cutters 
Mean age 33 y 
and 35 y 

Strenuous work in hot 
environments is associated 
with negative impacts on 
biomarkers of kidney 
function over the workday 
and over five months. 
Appropriate access to water, 
rest and shade during work 
offers relief from high levels 
of heat stress and reduces 
effects on kidney function 

-Cases of AKI developed 
among study participants. 
-Cross-shift decline in eGFR 
related to heat and 
workload. 
-The intervention had a 
positive effect on reducing 
cross-shift kidney function 
decline. 
-Cross-harvest decline of 
eGFR occurred in both 
inland and coastal group 
but less in the intervention 
group. After an initial 

None Being a feasibility study 
for the intervention, 
sample size was kept 
manageably small. 

 
Individual production 
data were used as 
proxy for individual 
workload and internal 
heat exposure. 

 
The results are clear 

WRS intervention 
studies on a larger 
scale 
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Study Design and aim 
/Country and date 

Population Authors’ conclusions Evidence pro 
occupational nature 

Evidence against 
occupational 
nature 

Quality comments Future studies 
recommended 
by authors 

    downward slope during 
pre-intervention similar for 
the two groups, the decline 
halted in the inland group 
after the introduction of 
the intervention. 

   

14. Gonzalez- 
Quiroz et al, 
2018 B 

2-year population- 
based prospective 
cohort study to 
study the natural 
history of, and 
factors associated 
with, loss of kidney 
function in a 
population at high 
risk for CKDnt 

 

Nicaragua 
November 2014 to 
November 2016 

350 self-reported 
healthy 
community 
members (M 263, 
F 87) 
Age 18-39 

The study findings outline the 
severe and unique nature of 
this disease. The data do not 
provide a clear cause. There 
is a seasonal variation. 
Associations with rapid 
decline trajectory in men 
suggest that outdoor 
agricultural work is an 
important risk factor. 

The data support that 
outdoor agricultural work, 
and specifically cane field 
work, contribute to rapid 
loss of kidney function 
among men. 

The authors 
interpreted that 
the rapid decline 
of kidney function 
in three women 
and a range of 
different jobs 
among the rapid 
decliners provides 
evidence that 
nonoccupational 
factors may also 
contribute 

This is the only 
population-based 
cohort study with a 
relatively large 
population and two- 
year follow up 

 

The results are overall 
clear, some 
interpretation is 
arguable 

-Additional 
community-based 
studies with at 
least 1-year 
follow-up to 
account for 
seasonal 
variations. 
-Studies to identify 
biomarkers of 
early kidney 
injury. 

     See discussion in 
Section 3.5. 
Interpretation of 
analytical 
epidemiologic 
studies 

  

15.Kupferman 
et al, 2016 

Cross-sectional 
study of CKD and 
non-CKD members 
of families affected 
by CKDnt (at least 
two members) to 
gain better insight 
in distinguishing 
clinical features of 

266 (M178, F 88) 
 

CKDu cases (M 99, 
F8); age 18-60 y 

 
Control family 
members ≥ 18y 

Uric acid levels of CKDnt 
patients are very high 
compared to non- CKD family 
members and CKD patients of 
NHANES. Hyperuricemia may 
play a causal role in CKDnt. 
Links with occupational 
volume depletion and 
occupational AKI are 

None 
 

The study could not 
explore associations with 
occupation, because 
practically all male study 
participants and half of the 
women had a history of 
work in sugarcane. 

None The selection of study 
population was based 
on volunteer CKDu 
patients. 

 
A comparison with 
NHANES is flawed, but 
likely towards an 

Studies into the 
role of uric acid on 
the 
pathophysiologic 
pathway of CKDnt 
in Mesoamerica 
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Study Design and aim 
/Country and date 

Population Authors’ conclusions Evidence pro 
occupational nature 

Evidence against 
occupational 
nature 

Quality comments Future studies 
recommended 
by authors 

 CKDnt in 
Mesoamerica 

 

Nicaragua 
Recruitment Feb 
2014 through May 
2015 

 hypothesized. The design 
around family clustering 
shows better principal 
characteristics of the disease 
and suggests an extreme 
phenotype on the disease 
spectrum (hyperuricemia). 

  underestimation of the 
differences. 

 

The results are 
hypothesis generating. 

 

16.Ramírez- 
Rubio et al, 
2015 

Cross-sectional 
comparison of 
biomarkers of 
kidney injury in 
adolescents to 
assess whether 
kidney damage 
might be initiated 
during childhood. 

 
Nicaragua 
October 2011 

200 adolescents in 
4 schools, 50 (M 
25, F 25) per 
school: School 1: 
low CKD risk, 800 
masl, coffee; 
School 2: low- 
medium CKD risk, 
220 masl, artisans 
and small farming; 
School 3 and 4: 
high CKD risk, at 
sea level, 
sugarcane. 
Age 12-18 y 

The higher frequency of early 
kidney injury in regions 
within Nicaragua that were 
defined a priori as at 
increased CKD risk are 
consistent with possible early 
kidney damage in 
adolescents in Nicaragua and, 
thus, increased susceptibility 
for further kidney insults in 
early adulthood. 

None None 
 

See discussion in 
Section 3.5. 
Interpretation of 
analytical 
epidemiologic 
studies 

The study has a good 
design, but biomarkers 
are hard to interpret 
due to lack of 
reference values and 
lack of knowledge 
about expected 
variation by sex and 
age. 

Longitudinal 
studies on kidney 
injury biomarkers 
before adulthood 
with assessment 
of specific 
pertinent 
exposures. 
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3.5. Interpretation of evidence of analytical epidemiologic studies on CKDnt in 

Mesoamerica 

Of the 16 studies, 13 provided direct evidence in favor of an occupational origin of CKDnt and three 

did not conclude regarding an occupational etiology. Of note is that none of the 16 studies provided 

evidence against an occupational etiology. 

 
Of the three studies that did conclude on an occupational origin of CKDnt, one study examined 

Leptospira seropositivity among categories of sugarcane workers and workers of other industries. 

Leptospira seropositivity was highest among sugarcane cutters but there was no association with 

kidney dysfunction that could explain the CKDnt epidemic (Riefkohl et al, 2017). The second study 

examined clinical characteristics of CKD patients and non-CKD family members but could not 

address occupation, because it was a non-representative family study and practically all 

participating men and half of the women were sugarcane workers (Kupferman et al, 2017). The third 

was a study in a nonworking population of school children and adolescents to examine markers of 

kidney injury early in life which is further commented upon below (Ramírez-Rubio et al, 2015). 

 
Of the 13 studies that provided evidence in pro of an occupational etiology, 10 concluded 

straightforwardly that the adverse effects on kidney function observed were consequence of working 

conditions whereas in three studies the authors concluded that besides the occupational risk factors 

also non-occupational risk factors could play a role in the etiology of CKDnt (Table 3). 

 
As said above, most studies were conducted in sugarcane workers, particularly cane cutters. Of note 

for correct interpretation of the findings of these studies is that cane cutters could be considered 

top-athletes, performing daily physical exertion that has been compared to running half marathons 

and having energy expenditure like the first 12 hours of adventure racing and above that of military 

personnel during multiday operations (Lucas et al, 2015). A study comparing workers in different hot 

occupations showed that the general health of active cane cutters was significantly better than that 

of construction workers and subsistence farmers living and working in the same CKDnt hotspot region 

(lower blood pressure, better lipid profile, lower BMI), whereas markers of kidney health were 

significantly worse (lower eGFR, higher SCr, more often microproteinuria) (Wesseling et al, 2016 A) 

(see ANNEX 3, Study 1). 

 
Cross-shift evaluations have been conducted in sugarcane cutters in Costa Rica, Nicaragua, El 

Salvador and Guatemala. All studies found evidence of changes in kidney-related serum and urine 

biomarkers involved in maintaining water and electrolyte balance during the work day, which was 

explained without exception as consistent with recurrent dehydration from strenuous work in hot 

environments (García-Trabanino et al, 2015; Crowe et al, 2014; Wesseling et al, 2016 B; Wegman et 

al, 2018; Sorensen et al, 2018). Several studies looked at repeated cross-shifts, and dehydration over 

the work shift was clear and repeated (Crowe et al, 2014, Wesseling et al, 2016 B; Wegman et al, 

2018). In the course of three cross-shift urinary examinations in four days, 27% of cane-cutters 

started at least one shift already with high urine density and this increased to 52% at least once at 

the end of the shift; the results indicated that overnight recovery of the dehydration process during 

the workday was insufficient (Crowe et al, 2014). Acclimatization at the start of the harvest season 

appeared as an important time for large cross-shift differences in hydration and kidney function 

parameters (Wesseling et al, 2016 B). In the WRS-intervention study, cross-shift decline in eGFR 

related to heat (oC measured by WGBT) and workload (tons cut) and the intervention had a positive 

effect on reducing cross-shift kidney function decline (Wegman et al, 2018). In a cross-shift study 

from Guatemala, an ostensibly intense hydration practice was implemented among cane cutters and 
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other field workers during the workday, but indicators of poor hydration still associated with kidney 

function decline (Sorensen et al, 2018). 

 
All cross-harvest cohort studies in sugarcane workers reported notable declines in kidney function in 

Nicaragua, El Salvador and Guatemala. A study in Nicaragua observed differences in kidney function 

decline by job category, with the degree of decline being in accordance to heat stress in the job 

categories (Laws et al, 2015). This same study also observed differences in markers of acute kidney 

injury (NGAL, NAG and IL-18) between job categories, with the highest increase over the harvest 

among cane cutters, the category with the highest physical workload (Laws et al, 2016). Another 

study in Nicaragua documented a remarkable cross-harvest change in kidney function (-10 

ml/min/1.73m2) among cane cutters in only nine weeks, but not in a reference population of 

administrative workers. In addition, in this study, cross-shift changes at the start of the harvest 

predicted the longitudinal kidney function decline (Wesseling et al, 2016 B). In the Salvadorian WRS 

intervention study, cross-harvest decline of eGFR occurred in both an inland and a coastal cane 

cutting group (the latter group could not receive the planned intervention, but was still examined at 

end of harvest, see ANNEX 3, Study 13b), but the decline was less in the intervention group. After an 

initial downward slope during pre- intervention similar for the two groups, the decline halted in the 

inland group after the introduction of the intervention (Wegman et al, 2018). 

 
Noteworthy is the recent 4-month follow-up study in brickmakers which observed a high prevalence 

of CKD (eGFR <60 ml/min/1.73m2 twice, 4 months apart). Workers in the highest heat exposure 

category (work at the ovens) were most affected. Low water intake and longest work week associated 

with decline in eGFR over the observation period (Gallo-Ruiz et al, 2019). The findings of this first 

occupational cohort study in non-sugarcane workers provide support to heat stress being a key 

etiologic factor in CKDnt in the region. 

 
The process of clarifying the cause of CKDnt in Mesoamerica has further progressed with findings of 

acute kidney injury events during the workday and incident kidney injury over the harvest. Several 

cross-shift studies reported cases of acute kidney injury (AKI) with increases in SCr compatible with 

the official KDIGO AKI definition (https://kdigo.org/wp- content/uploads/2016/10/KDIGO-2012-AKI-

Guideline-English.pdf) (Wesseling et al, 2016 B; Wegman et al, 2018). Other studies defined change 

of kidney function over the harvest approaching the KDIGO AKI definition as AKI (although observed 

over a longer time frame, and should therefore be more appropriately named Incident Kidney Injury 

– IKI-) and observed 19% (Laws et al, 2015) and 13% (Wesseling et al, 2016 B) of workers who 

developed such condition. Another study identified 34 (10.4%) ‘AKI’ cases at end of harvest by 

comparing SCr during rescreening at end of harvest with pre-harvest pre-employment SCr levels for 

a group of 326 sugarcane workers. These incident kidney injury -IKI- cases were followed up at 6 and 

12 months and 10 (34.5%) progressed to eGFR<60 ml/min/1.73m2 and 11 (37.9%) to a decline of 

eGFR >30% of baseline (Kupferman et al, 2018). After preliminarily reports arguing that CKDnt starts 

with an acute adverse kidney event (Fischer et al, 2017; Fischer et al, 2018 B), cases of sugarcane 

workers with ‘AKI’ were captured at the company hospital and then followed up for progress from 

AKI to CKD (Fischer et al, 2018 A). AKI occurred more frequently among male workers and in the job 

categories with highest internal and external heat exposures. Of the 586 AKI patients, 49 (8.4% 

overall; men 8.5%, women 7%) progressed to CKD. This occurred in a short time, most within six 

months. The authors also described the clinical characteristics of the AKI episode that predicted 

progression to CKD (see ANNEX 3, Study 10). The discussion of possible pathophysiologic pathways 

behind the findings of kidney dysfunction is beyond the scope of this review. 

 
Three studies suggested that also non-occupational risk factors may play a greater or lesser role in the 

https://kdigo.org/wp-content/uploads/2016/10/KDIGO-2012-AKI-Guideline-English.pdf
https://kdigo.org/wp-content/uploads/2016/10/KDIGO-2012-AKI-Guideline-English.pdf
https://kdigo.org/wp-content/uploads/2016/10/KDIGO-2012-AKI-Guideline-English.pdf
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etiology of CKDnt, and these deserve a closer scrutiny. The first is the community cohort in Nicaragua, 

which looks at the natural history of CKDnt in the general population including both workers and 

economically inactive community members (Gonzalez-Quiroz et al, 2018 B). This study found that 

9.5% (n=25) of the young male and 3.4% (n=3) of the female population showed a pattern of rapid 

decline in kidney function over the course of two years. Although the authors concluded that observed 

associations with rapid decline trajectory in men suggest that outdoor agricultural work is an 

important risk factor, they also considered that non-identified non-occupational factors must be 

influencing disease occurrence based on the following findings: 1) three women were identified as 

rapid decliners, two of them housewives and one agricultural worker; 2) there was a ‘range’ of 

occupations among the male decliners, and 3) although there was an association of rapid decline with 

work in agriculture, work outdoors and lack of shade at baseline, and with sugarcane cutting and fever 

during the previous harvest in sensitivity analyses, there was an absence of associations with other 

self- perceived variables of thermal sensation and physical exertion, as well as with years of work in 

sugarcane or agriculture. Regarding the first point, besides that the number of rapid declining women 

was very small (n=3), their eGFR never fell below 90 ml/min/1.73m2 and their kidney function 

trajectory, and that of other women in the cohort, need longer follow up for sounder interpretation. 

Regarding the second point, only 4 (16%) of the 25 rapid decliners did not work currently in sugarcane 

or other agriculture and only 3 had never worked in agriculture, but no information about their specific 

job was provided. As shown in multiple studies in this review, not only sugarcane and agriculture are 

associated with CKDu, also workers in a range of other jobs had moderate to high CKDu prevalence 

(Mclean et al, 2010; Wesseling et al, 2016 A; Gallo-Ruiz et al, 2019). Regarding the third argument, the 

lack of associations with some of the self-perceived heat stress variables could be related to 

misclassification of exposure, which occurs more easily in the presence of a heterogeneous cohort 

membership than among occupational cohorts with similar cohort members. In other words, the same 

questions about work in hot environment, work with physical effort, and duration of breaks posed to 

sugarcane cutters, service workers and homeworkers may have different relative meanings in 

different contexts. The lack of association with years of work in sugarcane or agriculture, the inclusion 

criteria for the cohort were very young age (18-39) and no history of kidney disease, which is 

comparable to a healthy worker selection and makes it difficult to detect an association with years of 

work in sugarcane or agriculture if there is a risk in these occupations. 

 

The second study that insisted on a mix of occupational and non-occupational factors underlying 

CKDnt was the cross-harvest cohort from Guatemala (Butler-Dawson et al, 2017), mostly because of 

a strong significant association of a cross-harvest decline in eGFR of greater than 20% with smoking 

(OR 5.27) and being a local worker (OR 4.37), albeit based on 20 cases. Smoking is a known risk factor 

for CKD and could well be a contributory factor in progressing CKDnt. However, smoking is not known 

anywhere in the world to cause a kidney disease epidemic with thousands of premature deaths and 

the prevalence of smoking was low in the Guatemalan sugarcane cutting population. The increased 

risk for local workers (‘residence’) as opposed to migrant worker from the highlands is not further 

explored or interpreted in the study and could as well be related to working conditions or cooler 

climate off-season for migrant workers. The study does not sustain its conclusions. 

The third study was carried out in non-working adolescents and found some evidence of early tubular 

injury, in children at schools located in an area predefined as at high risk for CKDnt. Children of one of 

the two schools in the predefined high-risk area (all parents had worked in sugarcane) had significant 

elevated relative means for levels of NAG and NGAL, and non- significant for IL-18, as compared to a 

reference school in a low risk area. The children of the second school in this same high-risk area (none 

of their parents had worked in sugarcane) had an increased RM for NAG only. The authors interpreted 

this as evidence for an event in early life in high-risk areas that makes the population more susceptible 



29 

 

 

for further kidney insults later in life. This is a theory that deserves more study both for further 

characterizing potential kidney injury at early age and for understanding a potential relation with the 

epidemic. However, for the moment, the findings of this study raise questions. Girls had markedly 

higher kidney injury markers than boys, which goes in the opposite direction of the sex profile among 

adults. The differences between the two high risk schools, with the ‘only sugarcane parents’ children 

having more evidence of kidney injury than the ‘no sugarcane parents’ children were not explained. 

One explanation is residual confounding by socioeconomic status. Father’s education was professional 

in 24% of the children of the non-sugarcane parent school vs 4% of the sugarcane parent school. 

Although adjusted for father’s education, it is feasible that a poverty associated factor produced an 

exposure that is reflected in biomarkers of early tubular injury, such as routine outdoor tasks for 

children. 

 

 
3.6. Other potential occupational risk factors in Mesoamerica 

Heat stress is the best studied risk factor so far in Mesoamerica, but there is some information on 
other potential occupational risk factors mentioned in Table 3. Leptospira infection was already 
mentioned above as highly prevalent in Nicaragua (and likely the rest of Mesoamerica), but not found 
to be associated with the epidemic (Riefkohl et al, 2017). A comprehensive review of pesticides and 
kidney disease was conducted some years ago and concluded that there was scarce evidence for an 
association between pesticides and CKDnt in Mesoamerica but, considering general low quality, 
studies with better exposure assessment should be conducted  before definitely discarding pesticides 
as an important etiology (Valcke et al, 2017). Several such studies have been recently conducted and 
the results soon to be published were negative. In a NIOSH study measuring 2,4-D and glyphosate in 
air, water samples, hand wipes and urine of cane cutters in El Salvador, most samples were below 
detection level. Of the urine samples only 21% had any of the two pesticides above LOD, but levels 
were low and did not increase over the working day (Curwin et al, submitted). The previously 
mentioned community cohort study did not find any association with self-reported pesticide use, 
whereas a nested case-control analysis looking into associations of measured urine levels of 12 
common pesticides (including 2,4-D and glyphosate) and 12 heavy metals did not find any positive 
finding either (Smpokou et al, submitted). With regard to silica, although crystalline silica can be found 
in burned cane, there is no reason to expect levels that have been related to ESRD in silica exposed 
workers, since no silicosis has been observed. In addition, all field cane workers regardless of work 
task are exposed to the dust from the soil although heavier work means larger respiration and higher 
exposure. 
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4. CONCLUDING REMARKS 

Early anecdotal evidence of the 1990s considered CKDnt an occupational disease of agricultural 

workers or, specifically, sugarcane workers. The first studies on CKDnt were conducted in sugarcane 

workers. Mortality statistics from the early 2000s showed CKD with large sex differences 

concentrated in sugarcane areas. 

 
In the cross-sectional prevalence surveys that followed between 2010 and 2015, men of hot coastal 

regions were noticeably more affected than women, between 3 or 4 times on the population level, 

but much less so within occupational categories. The large predominance of men with reduced 

kidney function over women and the fact that the excess among men reduced or disappeared within 

occupational categories, indicates strongly that occupation plays an important role in disease 

occurrence. These studies confirmed sugarcane workers as the most affected population. Work on 

other type of plantation agriculture (cotton, banana) as well as rice and corn cultivation also were 

reported to be related to kidney dysfunction, whereas subsistence (lowland, hot climate) and coffee 

(highland, cooler climate) farming were not. In addition, other outdoor non-agricultural occupations 

with heavy workload appeared with moderate to high prevalences of kidney dysfunction in multiple 

studies, whereas economically inactive populations had the lowest prevalences of kidney 

dysfunction. All identified occupations so far are characterized as outdoor heavy work in hot climatic 

conditions. Occurrence of CKDnt in economically inactive women was mentioned in several studies 

but has been insufficiently documented. Data on kidney damage in children are very limited. So far, 

if kidney damage occurs early in life, factors related to social vulnerability of the affected 

communities could play a part. 

 
Of the 16 analytical epidemiologic studies included in this review, 13 provided direct evidence for 

occupational heat stress underlying kidney dysfunction in worker populations at high risk for CKDnt. 

Of the three studies that did not, the first was a negative occupational study on Leptospira 

seropositivity, the second had a study design not suited for an occupational evaluation, and the third 

was conducted among nonworking adolescents. Of note is that none of the evaluated studies 

provided evidence against an occupational etiology. 

 

Of the 13 studies that supported occupational heat stress as causally related to kidney dysfunction, 

12 were conducted in sugarcane workers, especially in sugarcane cutters, and the most recent one 

among brickmaking workers. Sugarcane cutters, characterized as exposed to high environmental 

heat and extreme physical workload, had better general health indicators than construction workers 

and farmers, but worse kidney health. Cross-shift examinations found evidence of changes in renal 

and hydration related biomarkers involved in maintaining water and electrolyte balance during the 

workday, associated to environmental heat and workload. Studies in Nicaragua, El Salvador and 

Guatemala reported notable declines in kidney function cross-harvest among cane cutters, and other 

sugarcane field workers, but not in reference groups of factory workers or administrative workers. A 

cane cutting group that received a water-rest-shade intervention had a lesser cross-harvest decline 

in kidney function than a non-intervened cutting group after kidney function decline was halted by 

the introduction of the intervention. The most recent research has focused on acute events of kidney 

injury (‘AKI’) and their consequent recovery or progress to CKD, or incident kidney injury across 

harvest (IKI) with most of these AKI or IKI events occurring among the workers with the highest 

external and internal heat exposures. A high occurrence of CKD among brickmaking workers 

associated with various exposure indicators of occupational heat stress which indicates that the 

epidemic is not restricted to sugarcane or agricultural workers. A 2-year cohort in the healthy general 
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population in a high-risk area of Nicaragua identified a group with rapid decline of kidney function in 

about 10% of men (n=25) and 3% of women (n=3). Whereas several self-perceived questions on heat 

exposure did not associate with rapid decline, outdoor agricultural work and lack of shade at baseline 

did, as well as sugarcane work and fever during the previous season. 

 

Much of the essential data to understand the origin of CKDnt in Central America are findings among 

sugarcane cutters who experience extreme heat stress, and these workers could be viewed as a 

sentinel occupational population, showing the tip of the iceberg of what is also happening in other 

populations in lesser degree or less visibly. 

 
As other chronic diseases, CKD has multiple known causes and many factors may impact clinical disease 

progress. In the cross-sectional surveys as well as in the analytical epidemiologic studies, non-

occupational risk factors did occasionally associate with measures of kidney dysfunction, as could be 

expected for being known risk factors of CKD. However, non- occupational risk factors did not emerge 

as suspects for being a primary driver of the occurrence of CKDnt in any of the studies conducted to 

date. In this epidemic of CKDnt, the potential co-presence of behavioral, environmental or genetic risk 

factors or the possibility of a first hit early in life in a vulnerable population do not cancel out the major 

effect of work. It has to be kept in mind that an epidemic as devastating as CKDnt in Central America 

must have a strong driver and all hard evidence points to a work-related disease caused by occupational 

heat stress. Studies on possible interactions of heat stress with other potential occupational or 

environmental exposures such as pesticides and other toxic agents are likely to start in the foreseeable 

future. Although these next research steps are desirable for further understanding of the etiology and 

pathophysiology of CKDnt in Mesoamerica, occupational heat stress is now a demonstrated key driver 

that will allow interventions and therefore prevention of a large part of the epidemic. 

 
This review shows that work is the main driver of the epidemic of CKDnt in Mesoamerica. It also shows 

that the most important occupational exposure leading to kidney dysfunction in affected populations 

in this region is occupational heat stress. 
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ANNEX I: CENCAM statement about occupational nature of the Mesoamerican nephropathy 
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ANNEX II. Additional reviewed articles 

Articles that were reviewed for contextual insights but not considered to provide direct 

evidence for occupational or non-occupational etiology. 
 

Article (full citation when not cited in the review) Reason for not including in analysis 

Cerón et al, 2014 Geographical distribution of pediatric 
dialysis cases in Guatemala 

Crowe et al, 2009 Description sugarcane work 

Crowe et al, 2013 Exposure to heat stress cane cutters 

Crowe et al, 2015 Heat stress symptoms cane cutters 

Flores-Reyna et al 2003 Hospital ERSD case series El Salvador 

García-Trabanino R, Trujillo Z, Colorado AV, et al. Prevalence 
of patients receiving renal replacement therapy in El 
Salvador in 2014. Nefrologia. 2016;36(6):631-636. 

Description of ESRD cases in 32 renal 
centers in El Salvador and geographical 
comparisons 

García-Trabanino R, Hernández C, Rosa A, et al. Incidence, 
mortality, and prevalence of end-stage chronic renal disease 
in the Bajo Lempa region of El Salvador: A ten-year 
community registry. Nefrologia. 2016;36(5):517-522. 

Incidence ESRD and death based on a 
community registry 

González-Quiroz et al 2018 (A) Review with meta-analysis 

Gonzalez-Quiroz M, Smpokou ET, Pearce N, Caplin B, Nitsch 
D. Identification of young adults at risk of an accelerated loss 
of kidney function in an area affected by Mesoamerican 
nephropathy. BMC Nephrol. 2019;20(1):21. 

Assessed usefulness of local 
measurements in identifying cases of 
established kidney function and cases 
with rapid decline from normal baseline 

Herrera R, Orantes CM, Almaguer M, et al. Clinical 
characteristics of chronic kidney disease of nontraditional 
causes in Salvadoran farming communities. MEDICC Rev. 
2014 Apr;16(2):39-48. 

Case series, clinical description 

Herrera Valdés R, Orantes CM, Almaguer López M, et al. 
Clinical characteristics of chronic kidney disease of non- 
traditional causes in women of agricultural communities in El 
Salvador. Clin Nephrol. 2015;83(7 Suppl 1):56-63. 

Case series, clinical description 

Jimenez UC Irvine 2016, Doctoral thesis Use of registry of OSH clinic, only 
occupational cases 

Johnson RJ, Rodriguez-Iturbe B, Roncal-Jimenez C, et al. 
Hyperosmolarity drives hypertension and CKD-water and salt 
revisited. Nat Rev Nephrol. 2014;10(7):415-20. 

Opinion paper 

Laux et al, BMC Nephrol, 2015 Geographical distribution of dialysis 
cases in Guatemala 

Laux TS, Barnoya J, Cipriano E, Herrera E, Lopez N, Polo VS, 
Rothstein M. Prevalence of chronic kidney disease of non- 
traditional causes in patients on hemodialysis in southwest 
Guatemala. Rev Panam Salud Publica. 2016;39(4):186-93. 

Comparison of risk factors for a select 
group of CKD and CKDnt patients with 
hemodialysis and social security, which 
severely limits the interpretation of the 
data. 

López-Marín L, Chávez Y, García XA, et al. Histopathology of 
chronic kidney disease of unknown etiology in Salvadoran 
agricultural communities. MEDICC Rev. 2014;16(2):49-54. 

Biopsy study 
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Article (full citation when not cited in the review) Reason for not including in analysis 

Lucas et al, 2015 Heat stress measurements 

Mejía R, Quinteros E, López A, Ribó A, Cedillos H, Orantes 
CM, Valladares E, López DL. Pesticide-handling practices in 
agriculture in El Salvador: an example from 42 patient 
farmers with chronic kidney disease in the Bajo Lempa 
region. Occup Dis Environ Med 2014;2:56-70. 

Description of pesticide management by 
farmers with CKDu 

Minnings K, Fiore M, Mosco M, et al. The Rivas Cohort 

Study: design and baseline characteristics of a Nicaraguan 
cohort. BMC Nephrol. 2016;17:93. 

Baseline description of cohort 
characteristics without results 

Murray et al, 2015. Hypothesis generating 

Ordunez et al, 2014 Geographical and time trend study 

Ordunez et al, 2018 Geographical and time trend study 

Paula Santos U, Zanetta DM, Terra-Filho M, Burdmann EA. 
Burnt sugarcane harvesting is associated with acute renal 
dysfunction. Kidney Int. 2015;87(4):792-9. 

Sugarcane cutting outside Mesoamerica 

Roncal Jimenez CA, Ishimoto T, Lanaspa MA, et al. 
Dehydration-induced renal Injury: A fructokinase mediated 
disease? Kidney Int. 2014;86(2):294-302. 

Experimental animal study 

Trabanino et al, 2002 Hospital ERSD case series El Salvador 

VanderVort DR, López DL, Orantes CM, Rodríguez DS. Spatial 
distribution of unspecified chronic kidney disease in El 
Salvador by crop area cultivated and ambient temperature. 
MEDICC Rev. 2014;16(2):31-8 

Ecological study 

Vela et al, 2014 CKD–EPI stage 1-5 and lab method for 
SCr not comparable to other studies. 
Reporting difficult to follow. 

Wesseling et al, 2015 Geographical and time trend study 

Wijkström J, Leiva R, Elinder CG, Leiva S, Trujillo Z, Trujillo L, 
Söderberg M, Hultenby K, Wernerson A. Clinical and 
pathological characterization of Mesoamerican nephropathy: 
a new kidney disease in Central America. Am J Kidney Dis. 
2013;62(5):908-18. 

Biopsy study 

Wijkström J, González-Quiroz M, Hernandez M, Trujillo Z, 
Hultenby K, Ring A, Söderberg M, Aragón A, Elinder CG, 
Wernerson A. Renal Morphology, Clinical Findings, and 
Progression Rate in Mesoamerican Nephropathy. Am J 
Kidney Dis. 2017;69(5):626-636 

Biopsy study 

Wijkström J, Jayasumana C, Dassanayake R, Priyawardane N, 
Godakanda N, Siribaddana S, Ring A, Hultenby K, Söderberg 
M, Elinder CG, Wernerson A. Morphological and clinical 
findings in Sri Lankan patients with chronic kidney disease of 
unknown cause (CKDu): Similarities and differences with 
Mesoamerican Nephropathy. PLoS One. 2018 Mar 
7;13(3):e0193056. 

Biopsy study 

*Although the data from these studies were not directly used to address occupational etiology, 

many are cited in pertinent context throughout the report. 
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ANNEX III. Summary of studies considered in body of evidence in favor or against a 

primary occupational driver of Mesoamerican nephropathy 

Studies in worker populations 

1. Wesseling et al, BMJ Open, 2016 A. Title: Heat stress, hydration and uric acid: a cross- 
sectional study in workers of three occupations in a hotspot of Mesoamerican nephropathy in 
Nicaragua 

 
The aim was to study Mesoamerican nephropathy and its risk factors in three hot occupations. The 
study population consisted of male workers, aged 17–39, living and working in the same CKDnt 
hotspot in northwestern Nicaragua: 86 sugarcane cutters, 56 construction workers, and 52 small 
scale farmers. Construction workers and farmers had not worked previously in sugarcane. 
Sugarcane cutters reported more exposure to heat and consumed more fluid on workdays. They 
had better general health than farmers and construction workers, but worse kidney function 
markers (Fig 2). Reduced eGFR occurred in 16%, 9% and 2% of sugarcane cutters, construction 
workers and farmers, respectively (trend cane >construction > farming, p=0.003). Sugarcane 

cutters also had more often low urinary pH (≤5.5) and proteins, blood and leucocytes in the urine. 
Workers with reduced kidney function reported a higher intake of water and lower intake of sugary 
beverages. Among cane cutters, consumption of electrolyte hydration solution appeared 
preventive. High serum uric acid was associated with reduced kidney function. No associations 
were observed for other metabolic risk factors, pesticides, NSAIDs or alcohol. 

 

 
Fig 2. Nicaraguan sugarcane cutters compared to construction workers and farmers, 

age 18 – 39, León, Nicaragua, 2013 (n=194). Based on Wesseling et al, BMJ Open, 

2016. 

 
Limitation of the study: Cross-sectional design. However, the design criteria regarding occupational 

history and residence allow valid comparison between the occupational groups. 

 
Conclusion: Heat stress, dehydration and kidney dysfunction were most common among 
sugarcane cutters. Kidney dysfunction also occurred to a lesser extent among construction 
workers, but hardly at all among small-scale farmers. 
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Evidence pro occupational etiology: The differences in hydration and kidney function biomarkers 

between workers with different jobs living in the same area strongly indicates occupational 

etiology. The fact that sugarcane cutters, despite better general health, had worse kidney health, 

suggests this was related specifically to physically demanding work. Consumption of electrolyte 

solution was preventive. The absence of associations with non- occupational risk factors 

strengthens occupational etiology. 

 
Evidence against occupational etiology: Liquid intake was inversely associated with kidney 

dysfunction, but this was likely related to higher physical workload and less concentration capacity 

of injured kidneys, especially since consumption of electrolyte solution was protective. 

 
2. García-Trabanino et al, Environ Res, 2015. Title: Heat stress, dehydration, and kidney 

function in sugarcane cutters in El Salvador--A cross-shift study of workers at risk of 

Mesoamerican nephropathy 

 
This study examined hydration and kidney function changes over a workday at end of harvest in 

189 (168 M, 21 F) sugarcane cutters in El Salvador, aged 18–49 years, from three regions, at sea 

level, 265 masl and 400 masl. Pre-shift eGFR was reduced (<60 mL/min/1.73m2) in 23 workers, all 

male (14%). Associations of the cross-shift changes with temperature, work time, region (altitude), 

tons of cane cut, and fluid intake were assessed. Pulse rate increased, but blood pressure fell. 

Cross-shift findings in urinary markers were increases in specific gravity, osmolarity and creatinine 

and a decrease in pH. In serum, creatinine increased (with corresponding decrease in eGFR), as 

well as uric acid, urea nitrogen and sodium (slightly), whereas chloride and potassium decreased. 

Workers with weight-loss during the shift had more significant signs of volume loss in serum and 

urine. These changes associated with temperature, work time, region, and fluid intake (the latter 

was preventive). Workers with eGFR <60 ml/min at pre-shift had significantly higher increases in 

SCr and S-UA, and lower U- SG, U-osmolality and U-pH as compared to workers without reduced 

kidney function. Uric acid levels were much higher than in the general population. Pertinent 

nephrotoxic and high use pesticides (glyphosate, 2,4-D, paraquat, captan, and pyrethroid, 

organophosphate and triazine compounds) were not related to any outcome parameter, but the 

use of the carbamate methomyl was significantly more frequent among the workers with reduced 

kidney function (74% vs 29%). 

 
Limitation: One-day examination at end of harvest: possible healthy worker effect with bias 

towards underestimation of effects. 

 
Conclusion: The study demonstrates the very hot environment for El Salvadoran sugarcane 

workers and substantial cross-shift changes indicating a heavy load on the kidney to counteract 

dehydration. Possible pathophysiology pathways include decreased renal blood flow, high 

demands on tubular reabsorption, and increased levels of uric acid. 

 
Evidence pro occupational etiology: Pre-shift eGFR was reduced (<60 mL/min) in 23 young, male 

workers (14%), mean age 33 years. The changes are consistent with recurrent dehydration from 

strenuous work in a hot and humid environment. Substantial cross-shift changes for blood pressure 

and for kidney-related serum and urine biomarkers involved in the maintenance of water and 

electrolyte balance are consistent with recurrent dehydration from strenuous work in hot, humid 

environment. 

 
Evidence against occupational etiology: None 
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3. Crowe et al, paper 4 of doctoral dissertation, Umeå University, Sweden, 2014. Title: Pre and 

post-shift urinalyses in sugarcane harvesters exposed to heat stress 

 
This study examined urinary biomarkers of dehydration and kidney injury in repeated pre and 

post-shift urine samples (3 times in one week, midharvest) among 48 sugarcane cutters in 

association with liquid consumption and wet bulb globe temperatures (WBGT). Eight additional 

workers had incomplete urine samples. There was no preventive program in the field for these 

workers. They brought their own water, there were no shade provision or obligatory rest periods. 

 
Workers were exposed to extreme heat with median air temperature (dry bulb) 30.8, 32.7 and 
29.8 oC on days 1, 2 and 3, and the maximum 34.5, 35.2 and 34.0 oC. The WBGT limit value of 26°C 
was reached between 7:00 and 8:15 am. The median hours cutting were 6.5, 5.8 and 5.0 with 
median liquid consumption of 5.75, 5.0 and 4.25 L. Signs of dehydration (pH≤5 and USG≥1.025) 
were more frequent post-shift, but also occurred pre-shift (pH≤5 at least once, 83% post-shift vs 
29% pre-shift; USG≥1.025 at least once, 52% post-shift vs 27% pre-shift). Thus, there was 
incomplete recovery overnight with more than a quarter of the workers starting the day in a 
dehydrated state on at least one of the three days (Fig 3). Proteinuria in pre-shift samples 
increased over the week: 15%, 52% and 65% and was uncommon post-shift (maximum 6% of 
workers). Leucocytes were slightly more common in the pre-shift samples and were seen in 56%, 
40% and 58% of workers. Erythrocytes (≥3) were also more common in the morning and seen in 
35%, 19% and 25% of workers across the three pre-shift samples. Of the 8 workers with 
incomplete urinary samples, two had been unable to urinate at end of shift (one of them twice), 
three reported previous kidney problems, three had frank hematuria and one had crystals. During 
the study week, one worker was hospitalized with heat stroke and another fainted. 

 
Limitation: No serum samples were taken. WGBT, liquid consumption and production were 

measured over the three days, but analyses fell short to examine associations directly. 

 

Strength: This is the only study to date that has collected hydration data during three days in one 

week, showing incomplete recovery of many cutters overnight. 

 
Conclusion: Evidence of dehydration was more marked at the end of shift urine samples and renal 

injury markers were more frequent in pre-shift samples. Overnight recovery was insufficient, 27% 

of workers started the shift in a dehydrated state at least once of the three days. 

 
Evidence pro occupational etiology: This study adds to the body of evidence of dehydration and 

kidney dysfunction among heat stress exposed sugarcane workers. Dehydration cross-shift is 

clear and is accompanied with markers of clear kidney injury. 

 
Evidence against occupational etiology: None 
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Fig. 3. Percentages of the 48 workers who have at least one urine sample with urinary specific 

gravity (USG) ≥1.025 during a specific day. In black: pre and post-shift USG ≥1.025; in medium 

grey: pre-shift USG <1.025 and post-shift USG ≥1.025; in lightest grey: pre-shift USG ≥1.025 

and post-shift USG <1.025. Taken from: Crowe et al, 2014. In Crowe C. Heat exposure and 

health outcomes in Costa Rican sugarcane harvesters. Umeå University Medical Dissertations. 

New Series No 1676, ISSN 0346-6612, ISBN 978-91-7601-140-9. 

 

 
4. Laws et al, IJOEH, 2015. Title: Changes in kidney function among Nicaraguan sugarcane 

workers. 
 

This cohort study investigated changes in kidney function (eGFR and ACR) over a 6-month 

sugarcane harvest season for 284 sugarcane workers in seven different job categories: 

fieldworkers (51 cane cutters, 19 seed cutters, 35 seeders, 49 irrigation workers, 29 pesticide 

applicators) and non-field workers (41 drivers and 58 factory workers). At preharvest there were 

no differences between fieldworkers and non-field workers, although by job category the eGFR of 

cane cutters was -9.2 ml/min/1.73m2 as compared to factory workers (-13.1 ml/min for those who 

had worked the previous harvest). At late harvest, fieldworkers had an eGFR 

-7.9 ml/min as compared to non-field workers and, by job category, cane cutters -14.1, seed 

cutters-14.0, seeders -8.9, and irrigators -5.5 compared to factory workers, whereas pesticide 

applicators were not different from factory workers. Over the harvest, the change in kidney 

function of field workers was -6.9 ml/min with non-field workers as reference. By job category, 

decreases over harvest occurred in all fieldworkers, significant for seed cutters, irrigators and cane 

cutters and non-significant for seeders and pesticide applicators as compared to factory workers. 

Urinary ACR > 30mg/g was less than 5% both at pre and end of harvest. Water intake had no 

impact on change in eGFR when adjusted by job category, but each pack of electrolyte solution 

increased eGFR on average by 6.1 ml/min. 

 
Limitations: Job category was a proxy for heat which was not measured directly, although 

evaluated qualitatively previously. A healthy worker effect was already present at the start of the 

cohort due to pre-employment screening of kidney function, and a not well-quantified but likely 

very considerable loss to follow-up at end of harvest created a second healthy worker effect. This 

bias goes toward subestimation of the true effect, especially for cane cutters who are more likely 

to leave harvest early (as shown in later studies). 
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Conclusion: The observed decline in kidney function by job category provides evidence for 

occupational risk factors of CKDnt in Mesoamerica. The protective effect from electrolyte indicates 

that heat stress and dehydration play a role. There is no evidence for agrochemicals as causal 

agents. 

 
Evidence pro occupational etiology: Despite the strong healthy worker effect, the results clearly 

show an occupational effect from heat stress with differences in kidney function decline by job 

category and the degree of decline in accordance to heat stress in the job categories. 

The protective effect from electrolytes strengthens the findings. 
 
 

Evidence against occupational etiology: None 
 

 
5. Laws et al, AJKD, 2016. Title: Biomarkers of kidney injury among Nicaraguan sugarcane 

workers 

 

This article is based on the same cohort as study # 4, reporting the results for biomarkers of acute 

kidney injury. The study assessed whether job category and self-reported hydration are related to 

short-term changes in biomarkers of tubular injury in workers at risk for developing Mesoamerican 

nephropathy. NGAL, NAG, IL-18, U-ACR differences between the same exposure groups as in study 

# 4 were determined before and at end of harvest, as well as changes over the harvest. 

 
Biomarkers of kidney injury increased during the harvest season varying by job, most notably 

among cane cutters. NGAL, IL-18, NAG levels were higher at end of harvest for field workers 

compared to non-field workers (significant relative means restricted to men: NGAL +1.73, IL-

19+1.66, NAG +2.88). Biomarkers increased during the harvest season in certain job categories 

relative to others (not overall). In cane cutters, NGAL increased 2.5 times (p<0.001), NAG 1.3 times 

(p=0.08) and IL-18 1.4 times (p=0.1). IL-18 increased among male seeders 2.5 times (p=0.08). NGAL 

and NAG decreased significantly in male seed cutters. NGAL and IL-18 were three times higher for 

women both pre- and post-harvest, but NAG was similar for men and women. There were no 

significant results for women seeders and seed cutters. Associations were observed between 

NGAL and NAG levels and decreases in eGFR, significant but weak. Electrolyte solutions reduced 

biomarker levels in high risk jobs. 

 
Limitations: The study started off with a healthy worker effect due to pre-employment screening 

for high SCr and had an important loss to follow-up, likely most severe among sugarcane cutters. 

Despite that, biomarkers increased over the harvest period especially for cane cutters. Knowledge 

about biomarkers is limited, and therefore there are difficulties for interpretation of some 

apparently contradictory results. 

 
Conclusions: Overall, the findings are consistent with subclinical tubular kidney injury occurring 

over one harvest season, differently by job indicating that occupational exposures play a role, and 

that subclinical kidney tubular injury may lead to CKD over time. Using electrolyte solutions for 

rehydration during work may protect against kidney injury. 

 
Evidence pro occupational etiology: Subclinical acute tubular kidney injury differed by job 

categories. Biomarkers of kidney injury increased during the harvest season most notably among 
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cane cutters, indicating occupational heat stress. Electrolyte solution protected against acute 

injury. 

Evidence against occupational etiology: None 
 

 
6. Wesseling et al. Environ Res, 2016 B. Title: Kidney function in sugarcane cutters in Nicaragua-

-A longitudinal study of workers at risk of Mesoamerican nephropathy 

 
This cross-harvest cohort and repeated cross-shift study assessed longitudinal changes in kidney 

function in sugarcane cutters and a reference group. The study population were men age 17-37, 29 

cane cutters and 25 administrative workers. Cutters were followed-up for 9 weeks with 3 times a 

cross-shift examination (Day 1, Day 6 and Week 9); baseline was pre-shift Day 1 of harvest. The 

reference group had am and pm examinations at start and end of harvest. There were clear and 

significant changes in pre-shift kidney function after 9 weeks of cane cutting: 20% increase SCr, 41% 

increase BUN, 9% decrease eGFR (mean -10 ml/min), 4- fold increase in U-NGAL, and 2 new cases 

of eGFR<60 ml/min. Some cross shift and longitudinal changes are depicted in Fig. 4. Longitudinal 

increase in pre-shift SCr was observed already in the acclimatization period at Day 6. Referents 

showed also some cross-harvest changes but in lesser degree. The mean cross-shift increase in SCr 

was largest the first day, with weight loss, consistent with loss of extracellular volume. Significant 

cross-shift changes included decrease in serum potassium (activation RAAS) and increase U-NGAL 

(tubular injury). U-uric acid (U-UA) increased over the workday among cutters but not among 

referents. The cross-shift increases in SCr in the first day associated with eGFR change over 9 weeks. 

Fourteen percent of cutters at Week 9 increased SCr > 0.3 mg/dL during the shift, compatible with 

AKI. Although follow-up of cane cutters ended at Week 9, the urine of seven of these cane cutters 

was examined at the end of harvest at the same time as the referents, during particularly hot 

climatic conditions. All seven cutters had crystals in the urine and extremely high U-UA, which was 

much lower in the reference group. 

 
Limitations: The small group size affects precision but the results for most outcomes are clear and 

significant. There were different time windows for follow-up of cutters and referents due to 

interruption of follow-up of cane cutters (being fired). The direction of a potential bias is towards 

underestimation of effect for total harvest (further supported by the finding of urate crystals and 

very high U-UA in 7 cutters at end of harvest, much higher than in referents). Examinations were 

carried out in the homes of the participants which may have attenuated cross-shift changes related 

to hydration. Temperatures and workload were not directly measured. 
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Fig 4. Cross-shift and longitudinal changes in hydration and kidney function 

biomarkers in a cohort of sugarcane cutters in Nicaragua. Based on Wesseling et al, 

Environ Res, 2016 

 

 
Conclusions: The decrease in glomerular kidney function after only 9 weeks of work is remarkable 

and may explain why CKDu is common in the area. Cross-shift increases in SCr reflects likely 

dehydration (pre-renal dysfunction) which, repeated on a daily basis, may cause permanently 

reduced GFR. 

 
Evidence pro occupational etiology: Dehydration cross-shift among cutters is clear and repeated. 

Remarkable longitudinal changes in kidney function are seen among cutters but not in the 

reference population. 

 
Evidence against occupational etiology: Some cross-harvest changes were also seen in the 

reference population, but these were much milder and could be due to seasonal effects. 

 

 
7. Butler-Dawson et al, JOEM, 2017. Title: Risk factors for declines in kidney function in 

sugarcane workers in Guatemala. 

 
This cohort study aimed at characterizing kidney function of sugarcane workers in Guatemala over 

the 6-month harvest and identifying risk factors associated with changes in kidney function. At 

end of harvest, in May 2016, a random stratified sample of 330 male sugarcane cutters, age ≥18, 

was selected out of 4095 cutters who had started working in November 2015, after having passed 

the company’s preemployment screening. Of the cohort 45% was from local departments (most 

source communities at 350 masl) and 55% were migrants from highlands (1000-1800 masl), and 

workers were affiliated to one of two mills (A and B). Follow- up started with a rescreening at end 

of harvest in May 2016; the workforce that had left the harvest early was not captured. At pre-

employment screening, 2.5% of potential cutters were not hired due to SCr>1.45 (mean 1.66, IQR 

1.58 to 1.87), median eGFR 57 (IQR 46-57). Of those 
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hired, 14% had mildy reduced kidney function. The workforce that left early (26%) had 

preemployment SCr 0.93 vs 0.92 among those who stayed till the end (very small difference but 

statistically significant due to large numbers, p<0.01). Of the 330 cutters followed up, 37% declined 

kidney function over harvest whereas most improved eGFR. Three percent declined to an eGFR 

<60 ml/min/1.73m2 over the harvest. In multivariate analyses significant associations with mildly 

declining eGFR (between 1 and 20%, n=102) were found for workers of Mill A (OR 2.60), local 

worker (OR 2.48) and current smoker (OR 1.99). For more severe decline (> 20% of baseline, n=20) 

significant associations were found for pre-employment eGFR<90 (OR 4.23), local worker (OR 

4.37) and current smoker (OR 5.27), all ORs with wide confidence intervals. There were no 

associations with age, body mass index, hypertension, # of previous harvests, water intake, sugary 

beverages, NSAIDs, electrolyte consumption, commercial agriculture, and pesticide application on 

own land. 

 
Limitations: Pre-employment screening and the 26% of source population that had left the harvest 

early must have produced a healthy worker effect with a bias to underestimation of effect. The 

assessment of the examined risk factors was based on excessively crude self- reports, and no heat 

or any other exposure measurements were carried out. The outcome of kidney function decliners 

was defined as anywhere between 1-20% vs stable (and improving) kidney function, with no space 

allowed for expected physiological and laboratory variations and a similar or even higher 

proportion of workers improving kidney function. This is likely to have caused substantial 

misclassification with a non-differential bias towards the null. The group with decline >20% is not 

subject to that misclassification of outcome but small (n=20). The article leaves doubts about 

amounts of liquid consumed by the workers: 79% ≥ 14L of water + 2.5 L of electrolyte solution + a 

median of 6 glasses/cans of other beverages, adding approximately to an unfeasible 17-18 L of 

total liquid on an average day. 

 
Conclusions: According to the authors, the study established that there is a risk for CKDu among 

Guatemalan sugarcane workers and that risk factors identified for decline in kidney function over 

a 6-month harvest included mill, being a local worker, smoking, and having a low pre-employment 

eGFR level. The study shows that behavioral or non-occupational risk factors impact disease 

occurrence, specifically the association with smoking and residency. However, according to this 

external evaluation, this conclusion is an overinterpretation of data and the study lacks quality to 

shed light on both occupational or non-occupational risk factors. 

 
Evidence pro occupational etiology: A cross-harvest decline in kidney function was observed in 

37% of cutters, young males. Three percent of workers declined kidney function to below 60 

ml/min/1.73m2. Low kidney function at baseline predicted severe kidney decline (>20%) over the 

course of one harvest. 

 
Evidence against occupational etiology: The authors emphasize smoking and residence as non-

occupational risk factors. However, although smoking is a known risk factor for CKD, smoking 

prevalence in this population was low and cannot be an important contributory factor to the 

observed kidney decline in this study and less be a cause of an epidemic. The significance of 

residence is unclear and not discussed but, in any case, those less affected were migrant workers 

from cool highlands. 
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8. Sorensen et al, JOEM, 2018. Title: Risk factors and mechanisms underlying cross-shift decline 

in kidney function in Guatemalan sugarcane workers 

 
This study examined hydration, kidney function and biomarkers of kidney injury three times in two 

months towards the end of the harvest (February, March, April) among 105 healthy cane workers 

(83 cutters and 22 production workers) in Guatemala. The aim was to identify early biomarkers 

and mechanisms of acute kidney injury in workers at risk for CKDnt. Three models assessed 

percent eGFR cross-shift change in association with: 1) pre-shift urinary biomarkers; 

2) post-shift biomarkers from different pathways of injury (dehydration, muscle breakdown, 

hypoperfusion), and 3) post-shift renal inflammation marker (urinary leukocyte esterase). 

 
High prevalence of acute decline in eGFR in well-hydrated workers was observed. The average 

percent decline in cross-shift eGFR was 21.8%. In univariate analyses, cross-shift increasing U- SG 

and NGAL levels, pre-and post-shift high U-UA levels, post-shift aciduria and post-shift leukocyte 

esterase (≥70+ Leu/µL or greater) associated significantly with declining eGFR, and for post-shift 

serum biomarkers hyperuricemia, BUN and hyperosmolality. In model 1, increasing HbA1c and age 

were significant risk factors for decline in kidney function over the shift; in model 2 increasing 

WBGT, high uric acid, aciduria, and serum hyperosmolality were risk factors, and in model 3 

urinary leukocyte esterase associated with declining eGFR. 

 
Conclusion: The authors concluded that sugarcane workers with normal kidney function 

experience recurrent subclinical kidney injury, associated with elevations in biomarkers of injury 

that suggest exposure to high temperatures and extreme physical demands. 

 
Note: This study raises some questions. Pre- and post-shift levels of urinary biomarkers were 

associated to cross-shift decline in eGFR, but many of these biomarkers overall changed towards 

improvement over the shift (U-SG, NGAL, leukocyte esterase, U-UA), possibly due to the unfeasible 

reported hydration of 15 L of water per day. SCr was obtained with a POC device and venipuncture 

was only done post-shift. Therefore, no other serum biomarker values were obtained pre-shift 

and no longitudinal analyses of changes in biomarkers over the follow-up time could be presented, 

except for eGFR. No exact values are provided for eGFR over the three study day events, only a 

boxplot. In this graph, eGFR did not change over the months of the study and the median seems 

to be over 125 ml/min/1.73m2, very high per se and not in accordance with the reported pre-

harvest mean value of 111 ml/min/1.75m2. 

 
Evidence pro occupational etiology: Hydration and kidney function changes during the work shift. 

 
Evidence against occupational etiology: An unexpected pre-diabetic state in half of the 

population was also a predictor of decline of kidney function, which could be a contributory factor. 

 

 
9. Riefkohl et al, IJOEH, 2017. Title: Leptospira seropositivity as a risk factor for Mesoamerican 

Nephropathy 

 
This study conducted a one harvest season follow-up for sugarcane workers included in studies by 

Laws et al 2015 and 2016 (# 4 and 5) and in addition did a cross-sectional analysis for job applicants 

at the sugarcane company not hired because of high SCr, and a sample of miners, construction 

and port workers in the same region. The aim was to evaluate the prevalence of Leptospira 

seropositivity among workers employed in a region where MeN is common, estimate incident 
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cases of leptospirosis among sugarcane workers within one harvest season, and determine 

whether Leptospira seropositivity was associated with biomarkers of kidney function and injury 

(eGFR, NGAL, IL-18 and NAG) by subgroups. The study population was in total 489 subjects (93% 

men, age 18+). Seropositivity of any kind in all 489 participants was 29%, highest among cane 

cutters (59%) and 40% vs 21 % among sugarcane field workers vs non-field workers. However, 

seed cutters had the lowest prevalence with 16% and drivers unexpectedly high with 39% (drivers 

may have been field workers in the past). Miners also had a high prevalence, as expected. Recent-

current infection was very low: 2 cane cutters, 3 applicants and 3 miners, with an incidence among 

sugarcane cutters of 2.4%. All tests for Leptospira urine PCR were negative, implying absence of 

chronic colonization of the kidneys. There was no association with eGFR, except among 

seropositive applicants (-10 ml/min/1.73m2 (BS) compared to seronegative applicants). With 

regard to biomarkers of acute kidney injury, cutters who were seropositive at preharvest had 

higher levels of NGAL and IL-18; non-hired applicants had higher NGAL and NAG. All seropositive 

sugarcane workers had higher NGAL, IL-18 and NAG, which attenuated when analyzed by job 

category. Miners had higher levels of IL-18 and NAG. There was no association between urine ACR 

and Leptospira in any group. 

 
Limitations: The same loss to follow-up as in the Laws et al 2015 and 2016 studies. Overall, the 

study was well conducted and analyzed. 

 
Conclusions: There was a high prevalence of Leptospira seropositivity significantly different by job 

category, with fieldworkers more affected than non-field workers, and cutters the highest. Miners 

had the highest prevalence among other industries. Incidence was low over the harvest. There 

was some evidence that Leptospira seropositivity associates with elevated levels of biomarkers of 

kidney injury. 

 
Evidence pro occupational etiology: None. Exposure to Leptospira was higher among sugarcane 

field workers and miners, as expected because they are potentially more in contact with soil 

contaminated by rat urine. However, this study does not provide evidence of Leptospira as a cause 

of Mesoamerica nephropathy. 

 
Evidence against occupational etiology: None 

 

 
10. Gallo-Ruiz et al, AJKD, in press. Title: Prevalence and risk factors for CKD among brickmaking 

workers in La Paz Centro, Nicaragua 

 
This study followed up a population of workers of 44 brickmaking facilities in La Paz Centro, León 

Nicaragua, for four months with the aim to establish prevalence of reduced kidney function at 

baseline and at end of observation in this population, changes in eGFR over the follow-up period, 

and prevalence of CKD based on eGFR < 60 ml/min/1.73m2 at both baseline and end of follow-up, 

as well as the risk factors associated with these outcomes. The population at baseline consisted of 

257 workers, 220 men and 37 women (mistake in the printed version), between 18 and 60 years 

of age, mean age 34 years. At end of follow-up, 224 were reexamined (13% loss to follow-up), 192 

men and 32 women. Heat exposure was categorized into i) work at oven reported at baseline and 

at follow-up (15.2%), ii) work at oven reported in one of the two study visits (38.4%), iii) work at 

oven on neither study visit (47.4%). An equal proportion of men and women reported twice having 

worked at the ovens (15%, n=29, and 16%, n=5, respectively). The twice oven workers also 

reported the longest work- shifts, including 24-hour shifts, and were more likely to exceed a 48-
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hour work week. At baseline, the median eGFR was 110.6 (range 9.4-154.9), 13.8% with eGFR <60 

ml/min/1.73m2, and at follow-up 107.7 (range 6.3-149.9), 15.2% with eGFR <60 ml/min/1.73m2). 

Risk factors for eGFR < 60 ml/min/1.73m2 at baseline were oven operation, having no formal 

education, increasing age and having an immediate family member with CKD. Prevalence of CKD 

(twice eGFR <60 ml/min/1.73m2 4 months apart) was 12.1% (n=27), 4.9% stage 3, 3.6% stage 4, 

and 3.6% stage 5. In multivariate analyses with the 224 workers with data for both test points, the 

eGFR of those with oven work at two points was 15.5 ml/min/1.73m2 lower than the eGFR of those 

who did not work at the ovens; workers with no formal education had an eGFR 14.2 

ml/min/1.73m2 lower compared workers with secondary schooling or higher, and workers with a 

first degree relative with CKD had an eGFR 7.7. ml/min lower compared to those without such a 

relative. Low water intake over the workday and working for more than 48 hours a week were 

associated with decrease in eGFR over time. The risk for CKD among workers who performed oven 

work at both time points was five times higher (OR 5.47; 95% CI, 1.40-21.34) as compared to 

workers who did not work at the ovens at either study visit. Other associations with CKD were age 

(or years worked in brickmaking), no formal education, moderate to excessive alcohol intake, and 

having a first-degree relative with CKD. 

 
Limitations: The heat exposure assessment was based on a self-report of work at the ovens in an 

occupational environment with changing jobs. An unquantified number of workers had left the job 

at end of follow up due to changing working condition after the start of the rainy season and were 

examined at their homes. These subjects were not counted as drop outs. This bias possibly was in 

the direction of underestimation of effect. No cases occurred among the women who worked at 

the ovens twice, which was insufficiently interpreted. 

 
Conclusion: CKD prevalence was high among the brickmaking workers in La Paz Centro, Nicaragua, 

providing evidence that the CKDnt epidemic is not limited to sugarcane or agricultural workers. 

Within the brickmaking industry, the risk for CKD was substantially higher among oven workers, 

who also experience the greatest heat exposure. The results are consistent with the hypotheses 

that occupational heat exposure and socioeconomic conditions may be contributing factors to 

CKDnt in Mesoamerica. 

 
Evidence pro occupational etiology: The high prevalence of CKD (eGFR <60 twice, 4 months apart) 

in a hot occupation with a longitudinal component supports occupational etiology. Workers at the 

ovens with the highest heat exposure had the highest risk for CKD. Low water intake and longest 

work week associated with decline in eGFR over the observation period. 

 
Evidence against occupational etiology: None 
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11. Kupferman et al, AJKD, 2018. Title: Acute kidney injury in sugarcane workers at risk for 

Mesoamerican nephropathy. 

 
This study is a longitudinal assessment of AKI cases that had newly developed during a sugarcane 

harvest season. The aim was to better understand the burden and natural history of AKI in workers 

at risk for MeN, and to better understand whether AKI events are precursors of the development 

of CKD. A group of 326 male cane workers, 5 job categories (153 cane cutters, 59 seed cutters or 

seeders, 35 weeders, 25 pesticide applicators, 54 irrigation workers), age 18-60, were recruited at 

end of harvest in May 2015. Their baseline data, collected at pre-harvest in November 2014, were 

used to identify AKI cases through rescreening in May 2015. Then a 6 and 12-month follow-up for 

occurrence of CKD was done for the identified AKI cases. These men had worked the entire harvest 

2014-2015, had no history of CKD and their preharvest 2014 baseline SCr was < 1.3 mg/dL. At 

rescreening at end of harvest, in May 2015, 34/326 (10.4%) had developed kidney dysfunction 

cross-harvest, called AKI by the authors (criteria for AKI were SCr +0.3 mg/dL as compared to 

baseline AND SCr ≥ 1.3 mg/dL): 29 burned cane cutters (18.9%), 3 seeders or seed cutters (5.1%), 

2 weeders (5.7%), and no pesticide applicators or irrigation workers. This AKI cohort was 

reexamined at 6 months at preharvest 2016-2017 (n=29) and at 12 months at end of harvest 2016-

2017 (n=25) with as outcome the kidney function trajectory, i.e. progression to CKD. Covariates 

were age, years of employment in company, baseline preharvest kidney function and smoking. 

The median SCr of the 34 AKI workers was 1.64 vs non-AKI workers 0.88 mg/dL; 85.3% of the AKI 

cases were cane cutters versus 42.5% among non-AKI workers; 94% had ever worked as cane 

cutter vs 62.5% of non-AKI workers; 19.0% of the current cane cutters developed AKI over the 

harvest vs 2.9% of workers of other job tasks. The median concentration of S-UA among AKI and 

non-AKI workers was 7.6 vs 5.8 mg/dL, respectively. There was no difference for hyponatremia < 

135mEq/L (28.5% among all). During follow-up of AKI workers, on the group level SCr had 

improved significantly at 6 months (median 1.25 mg/dL), without further improvement at 12 

months (median 1.27 mg/dL). Comparing eGFR at baseline with the last follow up of the 29 AKI 

cases with 1 or 2 follow-up examinations, 10 (34.5%) progressed to eGFR<60 and 11 (37.9%) to a 

decline of eGFR >30% of baseline. Among the 326 workers, at end of harvest, at recruitment, the 

subgroup of cane cutters had a 20% higher SCr level as compared to other workers, adjusted for 

age and number of previous harvests. When adding pre-harvest baseline values to this model, 

cane cutting remained a predictor for high SCr levels at end of harvest, indicating that the worse 

kidney function of cane cutters cannot be explained solely by pre-harvest higher SCR levels. 

Smoking was more prevalent among AKI cases but not associated with late harvest eGFR in 

multivariate analyses. 

 
Limitations: AKI does not follow exactly KDIGO definition, and likely includes acute and subacute 

kidney injury. The criteria to select the study participants was not described. The last follow-up 

one year after identification of the AKI cases, took place after the next harvest, and therefore 

some of these workers may have returned to sugarcane jobs. There is a mention that occupational 

activity after the AKI did not affect their kidney function trajectory, but the implications of this 

observation were not discussed. There was 18% loss to follow-up at 12 months; however, progress 

of a third of the AKI cases to CKD was clear. 

 
Conclusion: The study provides clear evidence that AKI is a common event during the sugarcane 

harvest season. Almost half of these developed CKD over the next year. 



53 

 

 

Evidence pro occupational etiology: AKI developed during work in the sugarcane harvest among 

active sugarcane workers, and in particular among cane cutters, the highest physically demanding 

job. AKI was followed by progress to CKD in a high percentage of these workers in the next year. 

 
Evidence against occupational etiology: None 

 

 
12. Fischer et al, Kidney Int, 2018 A. Title: Clinical markers to predict progression from acute to 

chronic kidney disease in Mesoamerican nephropathy. 

 
This study in Nicaragua captured incident cases of AKI among sugarcane workers at the company 

hospital. The aim was to determine clinical predictors for progression from acute MeN to CKD and 

to facilitate recognition of the earliest possible stage. During a period of 28 months, 586 incident 

cases of AKI were identified, median age 28, 529 men with SCr >1.3 ml/min/1.73m2and 56 women 

with SCr >1.1, or CrCl < 90 ml/min. These patients were then followed up until CKD diagnosis or end 

of the observation period (210 - 1007 days). The most common jobs were cane and seed cutting 

(30%) and drainage-irrigation work (18%). For 514 of these acute cases, baseline SCr values existed 

(median 1.0 mg/dL, range 0.6-1.3), and these presented with a two-fold SCr median 2.0 (range 0.9-

6.1) after median 113 (range 5-356) days.  

 

The acute clinical presentation was characterized by symptoms of nausea/vomiting, fever, 

backpain, headache and paresthesias, frequently with increased SCr, leukocytosis (neutrophilia and 

lymphopenia), anemia (low hemoglobin, hematocrit and red blood cell count) and, less frequently, 

hyperuricemia, high BUN, hypokalemia, hyponatremia and in practically all cases leukocyturia. 

Paresthesias was associated with anemia, not with electrolyte imbalance. Of the AKI patients, 8.4% 

(men 8.5%, women 7%) progressed to CKD (n=49), 65% stage 3+.  

 

Among the cases detected in the first year (i.e. those with the longest follow-up) 10.8% progressed 

to CKD. The median time between the AKI event and CKD diagnosis was 101 days (range 1-838), 

and between healthy baseline and CKD diagnosis 234 days (range 42-925). The median increase in 

SCr was 48% from baseline and eGFR decreased 33.3 ml/min (range -0.3 to 90.4), with a residual 

eGFR of 56.7(range 24.6-90.9) ml/min. Significant predictors for progression of AKI to CKD were 

age > 30, ≥ 2 years of work in sugarcane fields, paresthesias, self-treatment with electrolyte solution 

(n=7, PR 2.23) and treatment with allopurinol at the hospital (n= 5, PR 2.63); and with regard to 

blood biomarkers, anemia (low Hb, Hct or RBC), hyperuricemia, hyponatremia, increased BUN and 

reduced baseline CrCl. Leukocytosis was protective, the higher the more protective, as were 

leukocyturia, bacteriuria, turbid urine, and proteinuria and microalbuminuria ≥ 30 mg/dL (Table 3). 
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Table 3. Selected patient and clinical characteristics associated with progression to CKD 

(Prevalence ratio (PR) adj. for age and sex) (Adapted from Fischer et al, Kidney Int, 2018) 

Hospital attention for AKI (N=529) 
Significant predictors for 
progression to CKD 

Demographics % PR (95% CI) 

Age > 30 ys 40.3 1.99 (1.16 – 3.41) 
≥ 2 seasons in sugarcane fields 69.5 2.99 (1.14 – 7.82) 
Fieldworkers 72.3  

Cutters (cane + seed) 29.9  

Symptoms   

Nausea/vomiting 72.7  

Fever 70.8  

Back pain 60.5  

Headache 54.9  

Paresthesias 41.7 3.94 (1.95 – 7.93) 

Blood laboratory findings   

SCr dL/mg Median 2.0  

 (Range 0.9-5.1)  

Healthy baseline SCr (n=514) Median 1.0  

 (Range 0.6-1.3)  

Baseline CrCl < 90 ml/min 68.7 2.02 (1.17 – 3.49) 
Leukocytosis > 10,000 WBCs/mm3 80.5 0.43 (0.24 – 0.74) 

>20,000 19.1 0.15 (0.06 – 0.39) (WBC > 15.000) 
neutrophilia 85.4  

lymphopenia 46.5  

High CRP > 6 mg/dL 75.9  

Anemia   

Hb g/dL M <13.5, F <12.0 63.6 3.97 (1.46 – 10.85) 
Hct % M < 38.8 or F < 34.9 59.0 2.89 (1.43 – 5.84) 
RBC x106 M < 4.3 or F 3.9 57.3 5.02 (1.69 -14.9) 

Hyperuricemia M > 7.0 or F > 6.0 29,7 2.25 (1.28 – 3.94) 
High BUN > 23.3 mg/dL 30.6 2.09 (1.06 – 4.13) (BUN > 20) 
Low BUN-creatinine ratio <10 53.2  

Hypokalemia < 3.5 mmol/L %, 35.8  

Hypomagnesemia < 1.9 mg/dL %, 38.6  

Hyponatremia <135 mmol/L 9.9 2.23 (1.20 – 4.15) 

Urinary laboratory findings   

Leukocyturia ≥ 5 per field 98.8 0.46 (0.24 – 0.87) 
Clumping of leukocytes 24.1  

Leukocyte casts 30.7  

Casts (at any level) 43.0 0.45 (0.23 – 0.90) 
Turbid aspect 73.1 0.31 (0.18 – 0.55) 
Bacteriuria 24.2 0.22 (0.07 – 0.71) 
Microalbuminuria ≥ 30 mg/dL 60.4 0.27 (0.12 – 0.64) 
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Limitations: Surveillance for detection of AKI cases was thought to be complete. Collection of 

clinical data was retrospective through revision of medical files. Misclassification of outcome 

(missing CKD cases) likely occurred. 

 
Conclusion: Clinical markers to inform on risk for progression from AKI (earliest signs) to CKD were 

documented. There is a rapid progress, within 6 months usually. Elevated SCr, anemia and 

paresthesias, over age 30, hyperuricemia and hyponatremia are risk factors and a robust 

inflammatory response may be protective against progression to CKD. 

 
Evidence pro occupational etiology: AKI developed among workers, no cases in family members 

that have access to the hospital services were reported. AKI occurred more frequently among 

males and in the job categories with highest internal and external heat exposures. The study raised 

questions about underlying causes of AKI and progression to CKD, but these missing pieces are in 

the context of the occupational exposures or are triggered in the occupational setting. 

 
Evidence against occupational etiology: None. 

 
 

13 a. Bodin et al, OEM, 2016. Title: Intervention to reduce heat stress and improve efficiency 

among sugarcane workers in El Salvador: Phase 1. 

 
Bodin et al. (2016) report on the feasibility of a Water-Rest-Shade (WRS) and efficiency 

intervention program in sugarcane fields in El Salvador and its mitigation of heat stress. The 

intervention was implemented midway harvest in a 60-person cutting group. It consisted of 

portable camelbacks with clean water and an accessible refill station, a mobile shade tent nearby 

where workers were cutting and scheduled rest periods. Workers received also a lighter and 

ergonomically improved machete and a change in the process of cutting rows and stacking the 

cane to decrease energy expenditure. WBGT was > 26 oC, the OSHA cut-off for allowing continuous 

hard labor, from 9 am and reached average maximum temperature of 29.6 oC ±1.7 at 1 pm. The 

implementation of the intervention was successful. Workers increased water consumption by 25% 

and workers’ production increased from 5.1 tons/person/day to 7.3, despite rest periods. Heat 

and dehydration symptoms decreased considerably (Fig 5). 
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Fig 5. Decrease of heat and dehydration symptoms reported by sugarcane cutters 

after the introduction of a Water Rest Shade intervention program. El Salvador, 

harvest 2014-2015. Taken from Bodin et al, 2016. 

 
 
 

13 b. Wegman et al, Scan J Work Environ Health, 2018. Intervention to diminish dehydration and 

kidney damage among sugarcane workers. 

 
The effectiveness of the intervention described in Bodin et al (2016) was assessed for its potential 

to reduce kidney damage among sugarcane cutters. The study included two groups of cane cutters, 

one that received the intervention and working inland (450 masl, cooler climate) and the second 

working in coastland (sea level, hotter climate) where intervention implementation was suspended 

that year due to safety reasons. In both inland and coastland 40 workers participated at baseline 

and end of harvest and were included in the assessment, mean age 33 and 35 years, 98% and 71% 

male cutters, respectively. WGBT was measured every 15 minutes at both locations, individual 

production was measured in the intervention group as tons cut/day. Health data (anthropometric, 

blood, urine, questionnaires) were collected at baseline pre-harvest in the morning, and thereafter 

pre and post-shift three times across harvest: pre-intervention, mid-intervention and at the end of 

harvest. Biomarkers of kidney function, dehydration and muscle breakdown were serum albumin, 

sodium, chloride, creatine phosphokinase, creatinine, uric acid and urea nitrogen. Urine analysis 

was done in the field, dipstick and osmolality by refractometry. Five women and 15 men composed 

the quartile with the largest negative eGFR change, called eGFR droppers, 38% of the participating 

women and 22 % of the participating men. The main outcome was mean relative change in eGFR 

over the course of the harvest and the day (cross-shift only for the inland intervention group) in 

multivariate analyses. Seven workers met acute cross-shift change in SCr compatible with KDIGO 

criteria for AKI, 7 in inland and 4 in coastal workers. The AKI cases occurred in the 
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inland group on the two measurement days with higher WBGT, longer workdays and greater tons 

cut per individual. After the introduction of the intervention biomarker cross-shift changes became 

smaller with a significant smaller decrease in eGFR (6.1%) and smaller increase in uric acid (-7.3%). 

Each ton of individual production was associated with increase in eGFR change (0.9%) and S-PCK 

(2.5%), and max WBGT per degree C with increase in serum albumin (1.5%). The median eGFR at 

baseline was 11 ml/min/1.73m2 lower among coastal participants. More participants had baseline 

eGFR <60ml/min/1.73m2 at the coast (5 versus 2) and at end of harvest (7 versus 2). The mean 

cross-harvest decline in pre-shift eGFR was on average less in the intervention group (-3.4 vs -5.3), 

and the loss of kidney function seemed to stop after the intervention in the inland group (Fig 6). An 

evaluation of the individual cross harvest changes found that 28% of the coastland participants had 

a decline in eGFR >10% versus 15% of inland participants. 

 

 

 
Fig 6. Decline in eGFR stopped after the introduction of a Water Rest Shade intervention 

program for sugarcane cutters, El Salvador, harvest 2014-2015. Taken from Wegman et 

al, 2018. 

 

Limitations. This was a feasibility study for the intervention and sample size was kept relatively 

small. The original design was a comparison of two groups with intervention in two different 

environments, but the intervention in the coastland had to be canceled for security reasons. The 

individual production data for the inland group were used as a proxy for workload as well as 

individual heat exposure. 

 
Conclusion of the two studies: Strenuous work in hot environments is associated with negative 

impacts on biomarkers of kidney function over the workday and over five months. Appropriate 

access to water, rest and shade during work offers relief from high levels of heat stress and reduces 

effects on kidney function  

 

Evidence pro occupational etiology: AKI developed among sugarcane cutters. Cross-shift changes 

in eGFR related to heat, workload (production data) and the intervention had a positive effect on 

reducing cross-shift kidney function decline. Cross-harvest decline of eGFR was documented in 

both inland and coastal group but was less in the intervention group. After an initial similar 

downward slope during pre-intervention, the decline halted in the inland group after the 
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introduction of the intervention. 

 
Evidence against occupational etiology: None. 

 

Studies that are not worker related 

 
14. Gonzalez-Quiroz et al, BMC Nephrol, 2018. Title: Decline in kidney function among apparently 

healthy young adults at risk of Mesoamerican nephropathy 

 
This is a 2-year prospective population-based cohort study conducted in 9 communities in 

northwestern Nicaragua. The aim was to study the natural history of and factors associated with 

loss of kidney function in a population at high risk for MeN. After a census, all men aged 18 - 39, 

and a random sample of women (M:F 3:1) were invited, subjects with known CKD, HT ad DM were 

excluded. Participants were 350 apparently healthy adults (95% response), 263 men and 87 

women. The baseline in November 2014 (pre-harvest, post rainy season) was followed with 4 re-

examinations, every 6-months. Risk factors examined were alcohol, NSAIDs, occupational factors, 

heat stress, agrochemical exposure; fever, dysuria and other heat and dehydration symptoms; 

water intake, and water source/quality. eGFR was assessed by S- creatinine and cystatin C.  

 

Among men, 3 subpopulations of distinct eGFR trajectory were identified through growth mixture 

modelling: a group with stable kidney function (81%, median baseline eGFR 116 ml/min/1.73m2, 

change -0.6 ml/min/1.73m2 per year), a group of rapid decline (9.5%, 112 ml/min/1.73m2, -18.2 

ml/min/1.73m2 per year) and a group with baseline kidney dysfunction (9.5%, 58 ml/min/1.73m2, -

3.8 ml/min per year) (Fig 7A). Most women had stable kidney function (96.6%, 121 ml/min, -0.6 

ml/min per year) and 3 were rapid decliners (3.4%, 132 ml/min, -14.6 ml/min per year) (Fig. 7B). 

Among men, rapid decline was associated with current agricultural work (i.e. during non-harvest 

season), outdoor work (last 6 months) and lack of shade during breaks (last 6 months), but not with 

years of work in sugarcane or agriculture, as reported at baseline. Pesticide exposure (last 6 

months), alcohol, fluid intake, water quality, heat/dehydration symptoms (last 6 months), or 

NSAIDs were not associated with rapid decline. In a sensitivity analysis examining exposures during 

harvest season, cane/seed cutting and history of fever during last 6 months were associated with 

rapid decline, but not self-reported variables related to heat stress. The eGFR varied by season, 

declining at the end of the dry (hot, harvest) season by median -2.6 ml/min/1.73m2 compared to 

end of rainy season for all years combined. This effect was greater in participants with lower eGFR. 

NGAL levels differed significantly between the three trajectory groups with baseline dysfunction > 

rapid decliners> stable function. The positive and negative predictive values of NGAL ≥ 5 

picog/mmol for rapid decliners were 28.5% and 62.5%. 

 
Limitations: Analyses were not stratified or adjusted by occupation. Self-reported heat stress risk 

factors may have been subject to considerable misclassifications when exposure questions do not 

consider the heterogeneous nature of participants of populations-based studies. Time frames of 

previous week or previous six months also make interpretation of some self- reported exposures 

and symptoms challenging. Only 3 women were rapid decliners. 

 
Conclusions: The study findings outline the severe and unique nature of this disease. The data do 

not provide a clear cause. The associations with rapid decline trajectory in men suggest that 

outdoor agricultural work is an important risk factor. Self-reported fever over the last 6 months 

supports an inflammatory contributor to CKDnt. 
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Fig 7. eGFR trajectories among men (A) and women (B) participating in a two-year 

community-based follow-up. 

 
Evidence pro occupational etiology: The data support that outdoor agricultural work, and 

specifically cane field work, contribute to rapid loss of kidney function among men. 

 
Evidence against occupational etiology: There is no evidence against an occupational etiology, 

but the authors interpreted the rapid decline of kidney function of three women and a range of 

different jobs among the decliners as evidence that nonoccupational factors may also contribute. 

See comment on this interpretation in Section 3.5 “Interpretation of evidence of analytical 

epidemiologic studies on CKDnt in Mesoamerica”). 

 

15. Kupferman et al, AJKD, 2016. Title: Characterization of Mesoamerican Nephropathy in a 

Kidney Failure Hotspot in Nicaragua. 

 
This study is a cross-sectional family study in a hotspot in Nicaragua. The aim was to distinguish 
features of MeN in individuals with and without CKD from families affected by CKDu. Volunteer 
CKDu patients were probands if they had ≥1 first degree family members with CKDu. Both had to 
be 18-60 years, men with SCr ≥ 1.5 mg/dL and women with SCr ≥ 1.4 mg/dL, and both without 
diabetes, HIV, hepatitis B or C, or polycystic kidney disease. Non-CKD controls were all family 
members older than 18 years in eligible families. The study examined 266 individuals, 178 men (99 
cases) and 88 women (8 cases) from 24 families in a community. Non-CKD family members were 
79 men and 80 women (no age limit). Median eGFR in the men with CKD was 30 mL/min/1.73 m2, 
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in the 8 affected women 28 mL/min/1.73 m2. Clinical and biochemical parameters were compared 
with higher BUN, lower Hb and higher S-UA among CKD cases compared to the family controls, men 
and women alike. The study focuses principally on S-UA, because of the large differences between 
male CKD patients and non-CKD participants (mean 9.6 vs 6.5 mg/dL), and also among female CKD 
patients (mean 8.0 vs 4.7 mg/dL). 40% of male CKD cases had S-UA > 10mg/dL and 15% >12mg/dL. 
This degree of hyperuricemia was surprising with 75% receiving allopurinol treatment. Among the 
non-CKD individuals with previous CKD diagnosis, S-UA was higher than among those without 
history of CKD (7.2 vs 6.2 mg/dL; p=0.02).  
 
To determine whether the degree of uric acid elevation is disproportionate to the severity of their 
decrease in kidney function and the impairment of uric acid excretion from a reduction in GFR, a 
comparison was made with CKD patients in NHANES. S-UA was 2.0 mg/dL (95% CI, 1.0-3.0) higher 
among Nicaragua CKD cases than among NHANES CKD patients (adjusted for age, eGFR and uric 
acid lowering therapies). Almost all men with CKD (95%) reported having received a prior CKD 
diagnosis, but 28% of men not meeting the study criteria for CKD also reported having received a 
prior CKD diagnosis (pre- employment screening of sugarcane workers). The median SCr of these 
22 study participants was 1.3 mg/dL as compared to 0.9 mg/dL among the 57 non-CKD controls 
with no history of CKD and eGFR 71 as compared to 105 mL/min/1.73m2 (p<0.001). 

 
Limitations: This is a volunteer study. Although the comparison of uric acid with NHANES is age and 
sex adjusted and based on an interesting statistical approach, the age ranges between the two data 
sets do not overlap and female cases from Nicaragua were very few. However, being the 
Nicaraguan population much younger, the bias may be towards underestimation of the differences. 
The authors did not discuss the finding of seven control women with a prior diagnosis of CKD. 

 
Conclusion: The authors suggest that rather than being simply a consequence of a decrease in 
kidney function, hyperuricemia may play a causal role in CKDnt or that handling uric acid is 
dysregulated by the same processes that damage tubules in CKDnt in Mesoamerica. The design of 
the study around family clustering allows a better view of the principal characteristics of the disease 
and suggests an extreme phenotype on the CKDnt spectrum. 

 
Evidence pro occupational etiology: Although the study could not explore associations with 

occupation, because practically all male study participants had a history of sugarcane and half of 

the women, the authors hypothesize a link between hyperuricemia and occupational volume 

depletion, as well as the occurrence of occupational AKI as part of the causal pathway to CKDnt. 

 
Evidence against occupational etiology: None 

 
 

16. Ramírez-Rubio et al, NDT, 2015. Title: Urine biomarkers of kidney injury among adolescents in 

Nicaragua, a region affected by an epidemic of chronic kidney disease of unknown aetiology. 

 
This is a cross-sectional study that measured urinary biomarkers of tubular kidney damage in 

adolescents of four schools in three different economic areas with different MeN risk in Nicaragua, 

to assess whether kidney damage starts in childhood. 200 adolescents from four schools located in 

different regions were included in the study, 50 (M 25, F 25) per school: School 1: low CKD risk, 800 

masl, coffee cultivation; School 2: low-medium CKD risk, 220 masl, artisans and small farming; 

School 3 and 4: high CKD risk, at sea level, sugarcane. For School 1,2 and 3, children were excluded 

if parents had worked in sugarcane and for school 4 children were excluded if parents had not 

worked in sugarcane. Students were also excluded if they had done manual labor > 1 month. The 

outcomes were adjusted relative means for IL-18 (proximal tubular damage), NGAL (distal tubular 
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damage), NAG (proximal tubular damage) and ACR (glomerular damage). Values of all markers were 

substantially higher in girls than in boys. Among boys, IL-18 was elevated in School 4 (RM 1.52, ns), 

NGAL for School 4 (RM 1.56, s), NAG: for School 3 and School 4 (2.40 and 3.67, both s), and ACR for 

School 1 (RM 1.49, ns). 

 

Among girls, no increased values of IL-18 were observed for any school, NGAL for School 3 (RM 

1.28, ns) and for School 4 (RM 1.42, ns), NAG for School 3 and 4 (RM 2.01 and 2.50, both s); for ACR, 

no increased values were observed for girls in any school. The participants reported frequent 

‘chistata’ (dysuria), in all schools and not higher in high risk area, between 34% (School 4) and 69% 

(School 2), without differences by sex. U-SG and U-pH showed a gradient indicating more 

dehydration and urine concentration in School 1 and 2 than in School 3 and 4. The mean of NGAL 

values was 2.13 times higher (95% CI: 1.46–3.12) in leucocyte esterase positive girls than in negative 

girls, but there were no differences for any of the other biomarkers. Mean IL-18 levels were higher 

in girls with hematuria (RM = 1.64, 95% CI: 1.10– 2.44), again with no difference for other 

biomarkers. 

 
Limitations: The study has a good design, but biomarkers are hard to interpret due to lack of 

reference values and lack of knowledge about expected variation by sex and age. The sex 

differences for IL-18 and NGAL, with much higher values in girls, is striking and contrary to kidney 

damage being much more frequent in adult men. 

 
Conclusions: The authors conclude that the results of higher frequency of early kidney injury in 

those schools and regions within Nicaragua that were defined a priori as at increased CKD risk are 

consistent with possible early kidney damage in adolescents in Nicaragua and, thus, increased 

susceptibility for further kidney insults in early adulthood. 

 
Evidence pro occupational etiology: None directly. 

 
Evidence against occupational etiology: None directly. 


