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Abstract
Background: An epidemic of Mesoamerican Nephropathy (MeN) is killing thousands of agricultural workers along
the Pacific coast of Central America, but the natural history and aetiology of the disease remain poorly understood.
We have recently commenced a community-based longitudinal study to investigate Chronic Kidney Disease (CKD)
in Nicaragua. Although logistically challenging, study designs of this type have the potential to provide important
insights that other study designs cannot. In this paper we discuss the rationale for conducting this study and
summarize the findings of the baseline visit.
Methods: The baseline visit of the community-based cohort study was conducted in 9 communities in the North
Western Nicaragua in October and November 2014. All of the young men, and a random sample of young women
(aged 18–30) without a pre-existing diagnosis of CKD were invited to participate. Glomerular filtration rate (eGFR)
was estimated with CKD-EPI equation, along with clinical measurements, questionnaires, biological and
environmental samples to evaluate participants’ exposures to proposed risk factors for MeN.
Results: We identified 520 young adults (286 males and 234 females) in the 9 different communities. Of these, 16 males
with self-reported CKD and 5 females with diagnoses of either diabetes or hypertension were excluded from the study
population. All remaining 270 men and 90 women, selected at random, were then invited to participate in the study; 350
(97%) agreed to participate. At baseline, 29 (11%) men and 1 (1%) woman had an eGFR <90 mL/min/1.73 m2.
Conclusion: Conducting a community based study of this type requires active the involvement of communities and
commitment from local leaders. Furthermore, a research team with strong links to the area and broad understanding of
the context of the problem being studied is essential. The key findings will arise from follow-up, but it is striking that 5%
of males under aged 30 had to be excluded because of pre-existing kidney disease, and that despite doing so 11% of
males had an eGFR <90 mL/min/1.73 m2 at baseline.
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Background
There is an ongoing epidemic of chronic kidney disease
of undetermined cause (CKDu) in the lowlands of the
Pacific coast of Central America [1, 2]. CKDu, also
termed Mesoamerican Nephropathy (MeN), is responsible for the deaths of thousands of young male adults,
especially sugarcane cutters at relatively young ages
[3, 4]. This apparently new clinical entity accounts for a
considerable health and economic burden, both for the
families and local health systems, which do not have the
capacity to cope with this epidemic.
The cause(s) of MeN are not fully understood but
sugarcane workers appear to be the occupational group
most at risk [3, 5]. Heat stress and recurrent volume
depletion are currently thought to play a key role in the
evolution of the disease although investigators have also
suggested toxins, infections and genetics may play a part.
The evidence for and against the various factors causing
the disease are reviewed elsewhere [6, 7].
In view of the substantial public health impact of
this disease, and the current gaps in understanding of
the potential causes and contributing factors, we designed a community based cohort study with the aim
of investigating the causes and natural history of the
disease [8].
Rationale for the study design
Dealing with recall bias and reverse causation

Associations reported in existing cross-sectional and
case-control studies may be subject to both recall bias
and reverse causation. Recall bias can be minimised by
ascertaining data on exposures at baseline as part of a
longitudinal study. Furthermore, dealing with reverse
causation is likely to be particularly important in untangling the causes of CKDu as markers of exposure status
may themselves be affected by kidney dysfunction. For
example, the reported relationship between increased
water consumption and CKDu [9, 10] might be
explained by a failure of urinary concentration by the
diseased kidney rather than water consumption actually
leading to disease. A prospective study of risk factors
and changes in eGFR over time in a young population
with preserved kidney function at baseline will overcome
this problem.
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job if they are found to be suffering from kidney disease
and therefore the potential for loss to follow up in occupational studies is elevated [11]. Although a potential
disadvantage of community-based studies is that they
typically need to recruit large numbers of people if
disease prevalence is low, this is less of an issue in our
study given the epidemic proportions of CKDu in the region. One disadvantage of the community setting is that
although we can ask questions on occupational exposures we are unable to directly quantify work related
variables such as occupational heat stress.
Evaluating kidney dysfunction

A major challenge in epidemiological research of kidney
disease is the accurate measurement of kidney function.
Measuring the true GFR is not feasible in large studies.
Furthermore there is considerable within-person and
more particularly between-person measurement error
when using eGFR based in the serum creatinine (SCr)
level due to factors such as muscle mass, diet, exertion
and hydration status. This makes studies based on comparing one-off eGFR measurement difficult to interpret.
Therefore, we chose to measure within-person change in
eGFR, which is inherently independent of betweenperson factors. Assuming that the main drivers of the
within-person measurement error in the eGFR are constant, and if calculated across a number of time points,
then eGFR decline at the level of the individual will be
less affected by factors that are not related to the progressive kidney damage of interest [12–14].

Methods
Design

This is a community-based cohort study with total of 5
study visits planned over 2 years.
Setting

The study communities are in the Departments of León
and Chinandega, in northwest Nicaragua, a region with
the highest mortality rates of young populations due to
ESRD [2, 4]. This area is characterised by sugarcane
cultivation (70% of cultivated land), subsistence farming
(beans, corn) (20%) and banana growing (10%) and the
main employment source is work in sugar mill plantation during the harvest and pre-harvest.

Setting

A community-based cohort represents the entire ‘at-risk’
population. In our study, workers from all occupations both men and women – were eligible for recruitment.
Furthermore, loss to follow-up over time, although still a
significant concern, was likely to be less challenging in
community-based follow-up studies when compared to
occupational cohorts. This is particularly true in northwest Nicaragua where sugarcane workers can lose their

Sample size calculations

Given that people who will develop MeN in their 30s
are likely to experience a loss of at least 40 mL/min GFR
over their working lives, our study aims to investigate
the likely causes and natural history of the disease by
quantifying early decline in eGFR and capturing data on
associated exposures. The study was powered to detect
exposures associated with decline in eGFR >5 mL/min/
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year. We estimated that a minimum of 180 subjects
would be required to achieve a power of 90% to detect
an association with a binary exposure (detected on questionnaire) in 20% of the population associated with the
above effect size (at α = 0.01). Additionally, we assumed
up to 20% loss to follow-up and the need to consider
testing associations with multiple exposures, our aim
was to recruit and follow 300 participants.
Community engagement

We first visited the community leaders to gain an understanding of the locations, distance, and availability of the
communities to be part of a two-year follow-up study.
The community leaders then organized large public
meetings with the target population where members of
the research team explained the aims and benefits of the
research project. We were also in communication (in
person and by telephone) with both the community
leaders and participants throughout the planning and
baseline phases of the project.
Study population and recruitment strategy

The source population was healthy young people (without diabetes, hypertension or CKD diagnosis by
self-report) aged between 18 and 30 years living in nine
communities in northwest Nicaragua (six communities
in Chinandega and three in León Department).
During August to October 2014, a population census
of young adults age 18 to 30 years old was performed in
each community. Potential participants were asked
about their medical history and those with a pre-existing
diagnosis of CKD, diabetes or hypertension were
excluded. As the CKDu predominantly affects males, all
men eligible were invited to participate along with a

Fig. 1 Outline of study visits for each participant
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random selection of eligible women, in a male to female
ratio of 3:1.
Standardising the data collection methods

A team comprising the field coordinator, 10 local interviewers and two phlebotomists performed the study
visits. Prior to commencing fieldwork, each team member undertook a three-day intensive training course that
focused on standardising data and sample collection as
well as maximising data quality.
Study visits and medical examinations

The baseline data collection in the nine communities
was undertaken during October - November 2014,
before the start of the sugarcane harvest. Data collection
was scheduled during the working week, before the
participants left for work, which meant visiting each
community between 3 and 5 am. The location for data
collection was a well-known public place (a church, a
health care centre, a school, or the house of the community leader), to ensure ease of access for the participants
and ensure that the study maintained a visible presence
amongst the community. Following registration, each
participant had non-invasive clinical measurements
(blood pressure, height and weight) taken first,
followed by blood and urine sampling. This was then
followed by a detailed questionnaire administered by
a trained interviewer, which was checked by
re-questioning participants on a random selection of
questions (Fig. 1).
Clinical measurements

For each participant, their body weight, height, blood
pressure and heart rate were measured, and blood and
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urine samples were collected. Body weight was measured
with minimal clothes using SECA electronic scales (Seca,
Birmingham, UK). Height was measured by using a
portable stadiometer (Seca, Birmingham, UK). Blood
pressure and heart rate were measured in a sitting
position using a calibrated digital sphygmomanometer
(Omron, Kyoto, Japan) after five minutes of quiet seated
rest. Hypertension was defined as systolic blood pressure
≥140 mmHg and/or diastolic blood pressure ≥90 mmHg.
BMI was classified into <25 kg/m2 as normal,
25–29.9 kg/m2 as overweight, and ≥30 kg/m2 as obese.
Those with a BMI ≥25 kg/m2 were defined as
overweight/obese.
Blood samples were collected in three vacuum tubes,
two with clot activator and gel for serum separation and
one with anticoagulant. These tubes were placed in an
icebox (at 4 °C) immediately after collection and transported the same day to the laboratory at the Research
Centre on Health, Work and Environment (CISTA) at
UNAN-León, where the clotted samples centrifuged at
3500 rpm within an hour of being received, and serum
was transferred to five separate aliquots. The aliquots
were stored at −20 °C.
Participants gave a spot urine sample (~50 cc) in
sterile polypropylene containers, and aliquots were separated into vacuum tubes in the field immediately, placed
in an icebox (4 °C) after collection and transported to
the laboratory at the Research Center on Health, Work
and Environment (CISTA) at UNAN-León), where
aliquots were frozen −20 °C. Drinking water samples
were collected in a bottle and stored at 4 °C.
Questionnaire

The questionnaire included socio-demographic information, work history, lifestyle, work conditions, liquid intake and current diseases that may be linked to CKD,
specifically hypertension, diabetes, urinary tract and
renal illness. The total time taken for the baseline interview was 1 to 1 ½ hours. The questionnaire was evaluated and tested for cognitive and linguistic suitability
(See Additional file 1).
Interviewers obtained information on demographic
characteristics (age, sex), socioeconomic status
(education, income), water sources (location and type)
and social security access (defined as access to a package
of preventive, diagnostic and curative health services
through the Nicaraguan government’s Social Security
System) [15]. Twenty-seven occupations stated by participants were regrouped using the International Standard
Industrial Classification of all Economic Activities, Rev.4
(ISICv4) [16] into 10 economic activities which were
further subdivided into occupational groups. Sugarcane
workers were separated from other agricultural work
groups as sugarcane workers have shown high prevalence
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rates of CKD [4]. Therefore occupations were grouped
into only sugarcane, sugarcane with any other work
(including other agricultural work), other agriculture work
only, and work in neither agriculture nor sugarcane (see
Table 2).
Using questionnaires (modified from those previous
studies [1, 11, 17, 18]) exposure data were collected on
heat stress, recurrent dehydration, physically demanding
work, workplace conditions, pesticide exposure and
potential exposure to heavy metals.
Finally, the participant’s medical history was recorded.
Urinary and renal illness was defined as a self-reported
medically diagnosed urinary tract infection in the previous year, or a self-reported history of kidney disease or
nephrolithiasis. Use of medications was ascertained by
showing participants a visual catalogue of medication
packages. Smoking status was classified according to
whether participants used tobacco products daily, either
currently or in the past. Questions on alcohol consumption and illicit drug use were also included.
Kidney function

For each participant, one aliquot of the serum sample was
transported to the laboratory of Biochemistry at the Medical
Faculty of UNAN-León, where serum creatinine (SCr) was
measured with ChemWell® 2910 (Awareness Technology,
EEUU) which is an automated assay based on the Jaffe compensated method [19–21]. SCr measurements were
calibrated against an IDMS-traceable creatinine standard.
The biochemistry laboratory at UNAN-León takes part in
an international inter-laboratory quality control program,
where measurements are compared to a laboratory standard
(Serodos Plus Human Diagnostics, Wiesbaden, Germany)
on a daily basis. In addition, for each batch of samples at
least two duplicate serum samples were included for quality
control purposes. Measured SCr values in the samples were
at all times within the accepted limits of the method.
Kidney function was assessed using the estimated
glomerular filtration rate according to the CKD-EPI
formula by determining SCr during the baseline survey
[22]. Future analyses, including serum Cystatin C determination, will be undertaken at the end of the follow-up
period on stored aliquots.
Data analysis

The focus of this paper is on the study design and the
findings of the baseline survey. Sociodemographic
characteristics by sex were summarized using descriptive
statistics. The continuous variables were examined using
Kruskal-Wallis tests for non-normality and for categorical variables, the Pearson Chi-square test was used or
Fisher’s Exact Test when the chi-square was not applicable. Data were analysed with Stata software version 13.
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Results
In nine communities in northwestern Nicaragua, 520
potential participants (286 men and 234 women) were
identified in the population census. 16 males with CKD
and 5 females with diabetes or hypertension were
excluded from the study. Of the remaining population,
all the males and 90 females, selected at random in
order to have a 3:1 male:female ratio were invited to take
part. Seven men and three women declined to participate after invitation. In total, 350 of the 360 invited
participants attended baseline study visits (Fig. 2), with
an average of 38 participants from each community
(minimum of 26 and a maximum of 53).
Description of study population

Participants in all the communities had similar mean
age (23 years), and median BMI (median 22.3 in men
and 24.4 in women) (Table 1). The average number of
members in a family was 4 persons. The majority of participants had relatively low schooling (mean 6.2 years for
men and 7.1 years for women). The median systolic and
diastolic blood pressures were 120/69 mmHg for men
and 109/68 mmHg for women. All participants had a
normal heart rate (median 69 for men and 77 for
women. The mean household income per month in
USD was just over $300. The eGFR of the participants
ranged from 120 mL/min/1.73 m2 to 137 mL/min/
1.73 m2, with a median value of 128 mL/min/1.73 m2
for both men and women. Men had higher prevalence’s
of smoking tobacco and alcohol consumption. There
were small differences in use NSAIDs between men and
women. There were differences in urinary tract infections between sexes but not in use nephrotoxic
antibiotics.
The associations between occupation and known/proposed risk factors for CKD are presented in Table 2. The
prevalence of hypertension was low (2.9% of the participants). Nephrolithiasis was only reported among three
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women in the “Neither work in agriculture nor in sugarcane and only in sugarcane” but self-report of urinary
tract infections were common in all groups (26% of the
participants), except among male agricultural workers
who had never worked in sugarcane (4%).
Baseline kidney function

Five percent of males had to be excluded from those
identified in the initial population census because of
pre-existing CKD. In addition, about one in 10 male participants had an estimated GFR less than 90 mL/min/
1.73 m2 (11%; Additional file 2: Table S1). Males with an
eGFR <90 mL/min/1.73 m2 were marginally older
(24.6 years, compared with 23.0 years) and these participants had higher systolic and diastolic blood pressure.
Participants who had an eGFR <90 mL/min/1.73 m2, reported more frequent alcohol intake (86% vs 66%, p =
0.03). No other clinical measures (e.g., heart rate, BMI,
education, income; Additional file 2: Table S1) were
significantly associated with eGFR <90 mL/min/
1.73 m2. The prevalence of reduced kidney function
was between 10 and 15% among men who had
worked agriculture: 10% for sugarcane only (5/49),
15% for other agriculture only (20/172), and 12% for
sugarcane with other work including other agriculture
(4/27), whereas in contrast there were no cases
among the men who had never worked in agriculture.
The single woman with eGFR below 90 had never
worked in agriculture (Table 2). Other associations
between an eGFR <90 mL/min/1.73 m2 and potential
exposures are presented in the Additional file 2:
Tables S1 and S2).

Discussion
Here we described the rationale, study design and baseline findings of a community based follow-up study in
rural area of northwest Nicaragua. We have successfully

Fig. 2 Flow Chart outlining study population and recruitment. Overall participation from the final sample population was 97.2%
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Table 1 Demographic characteristics of baseline population by sex
Variable

All participants

Sex
Men

Age (yrs), mean ± SD

Women

n (350)

n (263)

n (87)

23 ± 3.7

23.3 ± 3.7

23.6 ± 3.5

Years of school, mean ± SD

6.4 ± 3.4

6.2 ± 3.4

7.1 ± 3.0

Household income per month (Córdobas), mean ± SD

7426 ± 5333

7744 ± 5531

6462 ± 4578

Number of family members, median (IQR)

4 (3–6)

4 (3–6)

4 (3–5)

Body mass index (BMI), median (IQR)

22.7 (21.0–29.9)

22.3 (20.8–24.1)

24.4 (21.8–30.0)

Systolic blood pressure (mmHg), median (IQR)

118 (109–124)

120 (111–126)

109 (103–119)

Diastolic blood pressure (mmHg), median (IQR)

68 (63–74)

69 (63–75)

68 (63–72)

Heart rate, median (IQR)

71 (65–78)

69 (64–76)

77 (71–83)

eGFR mL/min/1.73 m2, median (IQR)

128 (121–137)

128 (120–137)

128 (123–136)

Ever smoked, # (%)

144 (41.1)

142 (53.0)

2 (2.3)

Ever drank alcohol, # (%)

194 (55.4)

181 (68.8)

13 (14.9)

NSAIDs , # (%)

296 (84.6)

217 (82.5)

79 (90.8)

Urinary tract infection, # (%)

91 (26.0)

56 (21.3)

35 (40.2)

49 (14.0)

33 (12.5)

16 (18.4)

a

b

Nephrotoxic antibiotics , # (%)

SD standard deviation, eGFR estimated glomerular filtration rate, IQR Interquartile range, NSAIDs nonsteroidal anti-inflammatory drugs
a
diclofenac and ibuprofen; bgentamicin and amikacin

Table 2 Frequency of traditional risk factors by labour history in the baseline population
Labour historya

Sex (n)

Age

BMI

Mean Median
(SD)
(IQR)
Only sugarcane

Men
(n: 49)

22.9
(3.6)

Women 23.4
(n: 14)
(3.9)
Sugarcane with any other work
Men
(including other agricultural work) (n: 172)

Other agricultural work only

Never worked in agriculture nor
in sugarcane

Total (350)

Years of
Work life

eGFR mL/min/ Prevalence of Prevalence of risk factors
1.73 m2
low GFRb
Hypertensionc Nephrolithiasis UTI

Median
(IQR)

Median
(IQR)

n
(%)

n
(%)

n
(%)

n
(%)

22.0
7.0
130
(20.4–24.2) (3.6–10.2) (121–139)

5
(10.2)

1
(2.0)

0
(0)

14
(28.6)

26.9
4.5
(21.8–32.2) (3.0–9.7)

0
(0)

0
(0)

1
(7.1)

4
(28.6)

133
(123–138)

23.9
(3.7)

22.6
9.1
127
(21.1–24.4) (6.0–12.2) (119–137)

20
(11.6)

2
(1.3)

1
(0.6)

37
(21.5)

Women 24.3
(n: 18)
(3.4)

28.1
10.1
126
(24.0–33.1) (4.9–14.0) (120–132)

0
(0)

0
(0)

0
(0)

8
(44.4)

Men
(n: 27)

21.2
(3.4)

21.8
6.0
130
(20.8–22.9) (2.0–11.5) (117–138)

4
(14.8)

1
(3.7)

0
(0)

1
(3.7)

Women 22.1
(n: 8)
(2.6)

23.7
8.0
128
(21.8–31.5) (2.6–10.7) (124–133)

0
(0)

1
(12.5)

0
(0)

2
(25.0)

Men
(n: 15)

22.0
(4.3)

21.2
4.0
130
(19.4–22.5) (2.0–11.0) (123–145)

0
(0)

0
(0)

0
(0)

4
(26.7)

Women 23.7
(n: 47)
(3.6)

23.6
8.0
130
(21.4–28.1) (4.0–12.5) (126–137)

1
(2.1)

5
(10.6)

2
(4.3)

21
(44.7)

23.4
(3.7)

22.7
8.5
128
(21.0–24.9) (4.5–12.0) (121–137)

30
(8.6)

10
(2.9)

4
(1.1)

91
(26.0)

BMI Body mass index, UTI Urinary Tract Infection, GFR Glomerular Filtration Rate, eGFR Estimated Glomerular Filtration Rate, IQR Interquartile range
a
Labour history categories grouped by current and previous occupation
b
Low GFR: Low glomerular filtration rate was defined as eGFR <90 mL/min/1.73 m2
c
Hypertension: History of high blood pressure
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partnered with a number of rural communities and
achieved >90% participation rates at baseline.
The prevalence of early kidney dysfunction in this
group of young apparently healthy adults provides
further evidence of the devastating scale of impact of
CKDu in agricultural workers in this region. Our baseline data presented here indicates that despite initially
excluding participants with self-reported kidney disease,
11% of male participants had an eGFR <90 mL/min/
1.73 m2. The prevalence of lower eGFR amongst males
in this area of northwest Nicaragua is consistent with
the findings from previous studies [9, 23]. However, at
this level of kidney function the eGFR calculated by the
CKD Epi equation may over or underestimate the GFR
by up to 30 mL/min, dependent on factors such as
muscle mass and diet that vary between individuals.
Therefore multiple measurements within individuals are
needed to see whether these participants will go on to
develop what would be clinically significant kidney dysfunction. The two-year follow-up design of our study
will provide important data on the rate of decline of kidney function and will further explore which exposures
are associated with within-person change in eGFR.
To perform community-based studies in the rural
areas of Nicaragua, and other less economically developed countries, requires an awareness of a number of
potential challenges. The study team has overcome bad
road conditions to reach geographically isolated neighbourhoods (worsened by the rainy season) and frequent
migration of the economically active population (due to
lack of employment opportunities locally). Despite these
problems, the response rate for the recruitment into the
study was 97% of those initially identified as eligible
participants.
This study demonstrates the importance of a locallyled, community-involved research team, which also has
extensive experience conducting community based studies [1, 4, 11, 24]. Knowledge of the geographical area
and experience regarding the social and cultural context
has meant that many obstacles could be overcome.
Our study has several limitations. The study is only
moderate sized due to the resources requirements for
multiple follow-up visits. Furthermore, the delay before
many of the analyses are performed may be frustrating for
the participants. Finally, we are unable to quantify work
exposures directly due to lack of access to workplace.
The main risk to the study going forward will be loss
to follow-up due to internal and external migration.
Rural communities have a tradition of working with seasonal crops and sugarcane workers often leave their
communities at the end of each harvest season, to go
abroad or to other regions within the country in search
of temporary employment. With regular communication,
community engagement and the maintenance of good
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relationships between researchers, community leaders
and participants these problems should be minimised. A
further challenge is to manage any potential negative
consequences for participants taking part in the study.
Sugarcane workers from nearby communities are reported to have lost their jobs as a result of participation
in a prior cohort study [11]. In an attempt to mitigate
against these types of consequences, the study team have
written to local employers (including those in the sugarcane industry) explaining the content and extent of this
study in order to reduce any concerns about workers’
participation. In addition, the study team takes particular
precautions to maintain participant’s confidentiality during the study and beyond.

Conclusion
Community based follow-up studies have several advantages over cross-sectional studies in the community or
research designs based in healthcare or occupational settings. These include generalizability, reduction in selection
bias, better handling of reverse causation and recall bias,
along with the ability to utilize an outcome measure
(within-person change in eGFR) that allows the identification of those sustaining the most significant chronic
kidney injury. The commitment and empowerment of the
leaders of this community, and the extensive experience of
fieldwork of the local researchers who are culturally
embedded will be key to maintaining participant engagement and ensuring the success of this investigation.
Additional files
Additional file 1: Questionnaire. English transalation of the
questionnaire used during the baseline study visit. (PDF 324 kb)
Additional file 2: Table S1. Demographic, anthropometrics
characteristics, lifestyle and medical history among baseline participants
of the cohort study. Table S2. Potential risk factors for heat stress among
men and women. (PDF 88 kb)

Abbreviations
BMI: Body mass index; CISTA: Research center on health, work and
environment; CKD: Chronic kidney disease; CKD-EPI: Chronic kidney disease
epidemiology collaboration; CKDu: Chronic kidney disease of undetermined
cause; eGFR: Estimated glomerular filtration rate; ESRD: End-stage renal
disease; GFR: Glomerular filtration rate; IQR: Interquartile range;
ISICv4: International standard industrial classification of all economic
activities, Rev4; MeN: Mesoamerican nephropathy; NCDs: Non-communicable
diseases; NSAIDs: Non-steroidal anti-inflammatory drugs; SCr: Serum
creatinine; SD: Standard deviation; UK: United Kingdom; UNANLeón: National Autonomous University of Nicaragua, León; USD: United
States Dollars; UTI: Urinary tract infection
Acknowledgments
The authors would like to thank the participants and each of the community
leaders for their support during the pre-study visit and during the data
collection. We would also like to thank the interview team, drivers,
phlebotomists and staff of the Research Centre on Health, Work and Environment (CISTA), Nicaragua.

González-Quiroz et al. BMC Nephrology (2017) 18:16

Funding
The study has been supported by a grant from the UK Colt Foundation. In
addition, the Dutch National Postcode Lottery provided funding to
Solidaridad to support a proportion of the fieldwork costs. The Centre for
Global NCDs is supported by the Welcome Trust Institutional Strategic
Support Fund, 097834/Z/11/B. LS is supported by a Welcome Trust Senior
Research Fellowship in Clinical Science grant number 098504/Z/12/Z. No
funding source was involved in any part of the study design, or the decision
to submit the manuscript for publication.

Page 8 of 8

8.

9.

10.
Availability of data and materials
All the data supporting this study are included within the manuscript and
supplementary files. The dataset is available from the corresponding author.
Authors’ contributions
This study was conceived by BC and NP and designed by MG, BC, NP, DN,
CW, JG, JL, AA and LS. Data collection was performed by MG, AC, DF, JL, and
BC. The analysis and interpretation of the results was done by MG, BC, DN,
and NP. Draft was written by MG, BC, CW, DN, NP, AA. All authors read and
approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
All participants signed a written informed consent to participate in the follow-up
study, in accordance to the Declaration of Helsinki. The study was approved by
the bioethical review board at the Medical Faculty of UNAN-León
(Ref: FWA00004523/IRB00003342) and the research ethics committee of the
London School of Hygiene and Tropical Medicine (Ref: 8643) in 2014.
Author details
1
Research Centre on Health, Work and Environment (CISTA), National
Autonomous University of Nicaragua at León (UNAN-León), Campus Médico,
Facultad de Ciencias Médica, Edificio C (CISTA), León, Nicaragua.
2
Department of Non-Communicable Disease Epidemiology, London School
of Hygiene and Tropical Medicine, London, UK. 3Centre for Nephrology,
University College London Medical School, London, UK. 4Fundación Isla,
León, Nicaragua. 5Institute of Environmental Medicine, Karolinska Institutet,
Stockholm, Sweden. 6La Isla Network, Chicago, Illinois, USA. 7Royal School of
Mines, Imperial College London, London, UK. 8Centre for Global NCDs,
London School of Hygiene and Tropical Medicine, London, UK.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.
21.

22.

Received: 4 May 2016 Accepted: 20 December 2016
23.
References
1. Torres C, Aragon A, Gonzalez M, Lopez I, Jakobsson K, Elinder CG, et al.
Decreased kidney function of unknown cause in Nicaragua: a communitybased survey. Am J Kidney Dis. 2010;55(3):485–96.
2. Ordunez P, Saenz C, Martinez R, Chapman E, Reveiz L, Becerra F. The
epidemic of chronic kidney disease in Central America. Lancet Glob health.
2014;2(8):e440–1.
3. Correa-Rotter R, Wesseling C, Johnson RJ. CKD of unknown origin in Central
America: the case for a Mesoamerican nephropathy. Am J Kidney Dis.
2014;63(3):506–20.
4. Raines N, Gonzalez M, Wyatt C, Kurzrok M, Pool C, Lemma T, et al. Risk
factors for reduced glomerular filtration rate in a Nicaraguan community
affected by Mesoamerican nephropathy. MEDICC Rev. 2014;16(2):16–22.
5. Wesseling C, Crowe J, Hogstedt C, Jakobsson K, Lucas R, Wegman DH. The
epidemic of chronic kidney disease of unknown etiology in Mesoamerica: a
call for interdisciplinary research and action. Am J Public Health.
2013;103(11):1927–30.
6. Wesseling C, Crowe J, Hogstedt C, Jakobsson K, Lucas R, Wegman DH, et al.
Resolving the enigma of the mesoamerican nephropathy: a research
workshop summary. Am J Kidney Dis. 2014;63(3):396–404.
7. Wegman D, Crowe J, Hogstedt C, Jakobsson K, Wesseling C, editors.
Mesoamerican nephropathy: report from the second international research

24.

workshop on MeN. Heredia, C.R: SALTRA/IRET-UNA; 2016. Contract No.: ISBN
978-9968-924-33-7.
Caplin B, González-Quiroz M, Pearce N. Gaining insights into the evolution
of CKDnt from community-based follow up studies. In: SALTRA, editor.
Second International workshop on mesoamerican nephropathy; San José.
Costa Rica: SALTRA; 2015.
Sanoff SL, Callejas L, Alonso CD, Hu Y, Colindres RE, Chin H, et al. Positive
association of renal insufficiency with agriculture employment and
unregulated alcohol consumption in Nicaragua. Ren Fail. 2010;32(7):766–77.
Laws RL, Brooks DR, Amador JJ, Weiner DE, Kaufman JS, Ramirez-Rubio O,
et al. Changes in kidney function among Nicaraguan sugarcane workers. Int
J Occup Environ Health. 2015;21(3):241–50.
Wesseling C, Aragon A, Gonzalez M, Weiss I, Glaser J, Bobadilla NA, et al.
Kidney function in sugarcane cutters in Nicaragua - A longitudinal study of
workers at risk of Mesoamerican nephropathy. Environ Res. 2016;147:125–32.
Padala S, Tighiouart H, Inker LA, Contreras G, Beck GJ, Lewis J, et al.
Accuracy of a GFR estimating equation over time in people with a wide
range of kidney function. Am J Kidney Dis. 2012;60(2):217–24.
de Boer IH, Sun W, Cleary PA, Lachin JM, Molitch ME, Zinman B, et al.
Longitudinal changes in estimated and measured GFR in type 1 diabetes. J
Am Soc Nephrol. 2014;25(4):810–8.
Boucquemont J, Heinze G, Jager KJ, Oberbauer R, Leffondre K. Regression
methods for investigating risk factors of chronic kidney disease outcomes:
the state of the art. BMC Nephrol. 2014;15:45.
Thornton RL, Hatt LE, Field EM, Islam M, Diaz FS, Gonzalez MA. Social
security health insurance for the informal sector in Nicaragua: a randomized
evaluation. Health Econ. 2010;19(Suppl):181–206.
International Standard Industrial Classification of all Economic Activities, Rev.
4. Neork, USA: United Nations; 2016 [cited 2016 02/08]. Available from:
http://unstats.un.org/unsd/cr/registry/regcst.asp?Cl=27.
Garcia-Trabanino R, Jarquin E, Wesseling C, Johnson RJ, Gonzalez-Quiroz M,
Weiss I, et al. Heat stress, dehydration, and kidney function in sugarcane
cutters in El Salvador - A cross-shift study of workers at risk of
Mesoamerican nephropathy. Environ Res. 2015;142:746–55.
Wesseling C, Aragon A, Gonzalez M, Weiss I, Glaser J, Rivard C, et al. Heat
stress, hydration and uric acid: a cross-sectional study in workers of three
occupations in a hotspot of mesoamerican nephropathy in Nicaragua. BMJ
Open. 2016;6(12):1–12.
Wyss M, Kaddurah-Daouk R. Creatine and creatinine metabolism. Physiol
Rev. 2000;80(3):1107–213.
Roche D. Creatinine Jaffe Gen. 2, Compensated Method for serum and
Plasma. Mannheim: Roche Diagnostics; 2006.
National Kidney Foundation. K/DOQI clinical practice guidelines for chronic
kidney disease: evaluation, classification, and stratification. Am J Kidney Dis.
2002;39(2 Suppl 1):S1–266.
Inker LA, Schmid CH, Tighiouart H, Eckfeldt JH, Feldman HI, Greene T, et al.
Estimating glomerular filtration rate from serum creatinine and cystatin C. N
Engl J Med. 2012;367(1):20–9.
Lebov JF, Valladares E, Pena R, Pena EM, Sanoff SL, Cisneros EC, et al. A
population-based study of prevalence and risk factors of chronic kidney
disease in Leon, Nicaragua. Can J Kidney Health Dis. 2015;2:6.
Laux TS, Bert PJ, Barreto Ruiz GM, Gonzalez M, Unruh M, Aragon A, et al.
Nicaragua revisited: evidence of lower prevalence of chronic kidney disease
in a high-altitude, coffee-growing village. J Nephrol. 2012;25(4):533–40.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

