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Abstract

Background: The aim of this systematic review is to examine the epidemiological knowledge and gaps in understanding of
the potential causes of chronic kidney disease of undetermined cause (CKDu) in Meso-America.

Methods: A systematic literature search of epidemiological studies of CKDu was conducted in PubMed, Embase and Web of
Science from January 2000 to January 2017. Study quality was assessed by adapting the tool from Higgins et al. for
observational studies. Where applicable, the summary prevalence odds ratio (POR) and 95% confidence interval (CI) were
calculated using a random effects model.

Results: Twenty-five epidemiological studies were included in the analysis of risk factors for CKDu. The quality assessment
of each occupational and community study was medium. The PORs for CKDu were males versus females 2.42 (95% CI 1.76—
3.08), family history of CKD (versus none) 1.84 (95% CI 1.37-2.30), high water intake (versus low) 1.61 (95% CI 1.01-2.21) and
low altitude (versus highland) 2.09 (95% CI 1.00-3.17). There were no significant associations between CKDu and pesticide
exposure (versus no) 1.17 (95% CI 0.87-1.46), alcohol consumption (versus no) 1.34 (95% CI 0.84-1.84), non-steroidal anti-
inflammatory drugs (versus no) 0.99 (95% CI 0.60-1.39) and heat stress (versus no) 1.52 (95% CI —0.91 - 3.95).

Conclusion: Our meta-analysis showed positive associations for males (versus females) and family history of CKD, water
intake, lowland altitude and CKDu. There were no significant associations with pesticide exposure, non-steroidal anti-
inflammatory drugs intake, heat stress and alcohol consumption.
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Introduction

Meso-American nephropathy (MeN), also known as chronic kid-
ney disease of undetermined aetiology (CKDu), is a growing
public health problem and young agricultural workers of the
Pacific coast of Meso-America have been the most affected
group [1-3]. There was an increased recognition of this problem
by researchers, universities and policymakers after 2000 due to
a marked increase in mortality and morbidity [4].

Three years later, the Program on Work and Health in
Central America (SALTRA) organized the first regional workshop
on chronic kidney disease (CKD); this reviewed available data,
including several studies that showed increased risks for CKD
among sugarcane workers and high mortality related to CKD in
particular areas in Nicaragua and El Salvador [4]. In 2014, the
Pan American Health Organization classified CKDu as a major
public health problem in Central America that requires urgent,
effective and concerted multisectoral action [5].

In the last 10 years, several narrative reviews about CKDu
have been published [6-9]. None of these have conducted a for-
mal meta-analysis and there was no systematic assessment of
the quality of the available evidence considering inherent limi-
tations within the design and analyses of available epidemio-
logical studies. The purpose of this study is therefore to
formally examine the epidemiological knowledge and gaps in
understanding of the potential causes of CKD of undetermined
cause in Meso-America.

Materials and methods
Research strategy

We searched on PubMed, MEDLINE, Embase and Web Science to
identify all original research that had been published between
January 2005 and January 2017 reporting prevalence and
mortality of CKDu in Meso-America. Search terms included a
combination of text words and headings for ‘Meso-American
nephropathy’, ‘decreased kidney function’, ‘chronic kidney dis-
eases of unknown cause’, ‘chronic kidney disease of non-
traditional cause’, ‘agricultural’, ‘pesticide exposure’, ‘heat stress’,
etc,, were used. The full search strategy is outlined in the
Supplementary Material (Supplementary data, Tables S1-S3).

Inclusion and exclusion criteria

The search was limited to ‘adolescent and adult human beings’
and only papers published in English and Spanish languages
were considered. The search was restricted to studies conducted
in Meso-America (Central America and Mexico). The exposures of
interest included heat stress, dehydration, pesticide, non-steroi-
dal anti-inflammatory drugs (NSAIDs), workplace conditions,
environmental toxins and infectious diseases. The outcomes of
interest included the reduced estimated glomerular filtration rate
(eGFR), elevated serum creatinine (SCr) and CKD of undetermined
cause. A wide range of study designs were assessed, including
cross-sectional studies, case-control studies, retrospective or pro-
spective cohort studies and ecological studies. We excluded ani-
mal studies, editorials, systematic reviews and case reports
(Supplementary data, Table S4). However, systematic reviews
were used to manually search for references.

Selection process

All titles and abstracts were examined by one reviewer (M.G.-Q.)
according to the above inclusion criteria. Any disagreement of
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some marginal cases were discussed between M.G.-Q., B.C. and
D.N. After review of the titles and abstract were independently
reviewed by two authors (M.G.-Q. and D.N.). All full-text articles
were assessed independently using the same criteria and
included if both reviewers recommended inclusion. A second
reviewer (D.N.) checked a sample of 45 titles and abstracts
selected randomly after duplicated articles were removed.
Agreement between authors was quantified by j-statistic
calculation.

Data extraction and quality assessment

A standardized data extraction form was used by M.G.-Q. to
extract study characteristics: authors, study design, year, coun-
try, sample size, altitude, exposure and outcome definitions,
main findings, strengths and limitations and confounding fac-
tors. Any difficulty in data extraction was discussed by joint
review of the original papers.

Quality was assessed for each selected study using standard
quality assessment tools for trials [10] that we adapted for
observational studies. Studies were assigned a high, low or
uncertain risk according to the following criteria: selection bias,
non-differential measurement error for exposure and outcome,
information bias in exposure and outcome, confounding and
reverse causation.

Data synthesis and analysis

We reviewed the exposure and outcome definitions and
reported risk factors in each study. Where there were several
studies with similar exposure definitions, data were included in
a random effects meta-analysis for the respective exposure and
CKDu and displayed in a forest plot. Funnel plot analysis
and Egger’s test were performed to detect publication bias and
P < 0.05 was considered significant.

The across-study heterogeneity was estimated by using
Cochran’s Q-statistic and calculating the proportion of total var-
iability explained by heterogeneity (I?) described by Higgins et al.
[10]. All analyses were performed using Stata version 14
(StataCorp, College Station, TX, USA).

Results

The two reviewers had excellent agreement (Cohen’ s k = 1) on
study inclusion after review of abstracts and titles. We identi-
fied 131 epidemiological studies on CKDu, of which 43% (56
papers) were duplicate studies using the same dataset. In addi-
tion, 53 studies did not meet the inclusion criteria and 3 were
included by manual search, leaving 25 studies for the present
systematic review (3 longitudinal occupational studies, 2 cross-
sectional occupational studies, 14 community cross-sectional
studies, 3 case—control studies and 3 ecological studies) (Fig. 1).
The included studies were conducted from January 2000 to
January 2017.

Occupational studies mainly assessed how occupational risk
factors in the workplace were associated with an eGFR cross-
sectionally or a subsequent decline of eGFR across harvest or a
single cross-shift in younger sugarcane workers (Table 1). For
many risk factors there is only one estimate per risk factor in
each study (Supplementary data, Table S5).

We identified only two longitudinal community studies. One
involved follow-up of eGFR measurements in the subgroup that
previously had abnormal SCr results, thus incident disease was
not captured [16]. For the other study, only baseline data are
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Fig. 1. CKD of undetermined cause (eGFR <60mL/min/1.73 m?), systematic review according to the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses diagram.

available [17]. Most of the community-based studies were of
cross-sectional design and recruited participants from different
age groups and explored a variety of exposures. Two-thirds of
these used a similar outcome definition for kidney function
involving calculating an eGFR (<60 mL/min/1.73 m?) using the
Modification of Diet in Renal Disease [18-25] or CKD
Epidemiology Collaboration formula to quantify the prevalence
of CKDu in the most affected regions [11-15, 26-28] (Table 2).
Prevalence data among 14 cross-sectional community studies
are confounded by age, as people with different ages were
included, but overall more men than women were affected (Fig.
2). It was not possible to report an age-standardized CKDu prev-
alence because a breakdown of the findings by age was not
available for most studies.

The quality of three longitudinal occupational studies was
affected by severe loss of follow-up (up to 50%) during the
study period, either due to changes in role or redundancy [11-
13] (Table 3 and rationale in Supplementary data, Table S6).
One cross-sectional occupational study [15] and cross-
sectional community-based studies [23-25, 31, 32] had incom-
plete adjustment for confounding and reverse causation. One
case-control study suffered from selection bias of participants,
because researchers used improper procedures for selecting
their cases and controls (volunteer participations at clinics)
(Table 4). Many cross-sectional studies were limited to single
measurements of creatinine, thus not fulfiling the chronicity
criterion for CKD. Furthermore, the quality of three ecological
studies was potentially affected by unmeasured confounding

factors and within-regions variability in exposure and
disease classification (outcome) (Table 4 and rationale in
Supplementary data, Table S7).

Sufficient data for meta-analysis were available for a subset
of risk factors: male sex, family history of CKD, water intake,
pesticide exposure, alcohol consumption, self-medication with
NSAIDs, heat stress and altitude. These were from 10 cross-
sectional community studies and 3 case-control community
studies. In the meta-analysis, eight cross-sectional community
studies showed positive associations between male and
eGFR <60 mlL/min/1.73 m? {prevalence odds ratio [POR] 2.42 [95%
confidence interval (CI) 1.76-3.08]; Cochran’s Q-statistic
P = 0.056, I? = 49.0%)}. Three studies showed strong associations
between family history of kidney disease and eGFR <60mL/
min/1.73 m? [POR 1.84 (95% CI 1.37-2.30); Cochran’s Q-statistic
P = 0.947, I? = 0.0%]. For high water intake and eGFR <60 mL/
min/1.73 m? the POR was 1.61 (95% CI: 1.01-2.21; Cochran’s Q-
statistic P = 0.511, I = 0.0%) and for lowland altitude (versus
highland) it was 2.09 (95% CI 1.00-3.17; Cochran’s Q-statistic
P = 0.272, I* = 23.3%). The pooled POR for pesticide exposure
was 1.17 (95% CI 0.87-1.46; Cochran’s Q-statistic P = 0.537,
I = 0.0%) (Fig. 3). The summary estimate for alcohol consump-
tion (yes versus no) was 1.34 (95% CI 0.84-1.84; Cochran’s Q-sta-
tistic P = 0.088, I? = 45.5%), for NSAIDs intake (yes versus no)
and eGFR <60 mL/min it was close to 1 [POR 0.99 (95% CI 0.60-
1.39); Cochran’s Q-statistic P = 0.399, I = 0.0%] and for heat
stress exposure (yes versus no) it was 1.52 (95% CI —0.91 to 3.95;
Cochran’s Q-statistic P = 0.065, I? = 70.6%) (Supplementary data,
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Fig. 2. Forest plot of all prevalence of chronic kidney disease of undetermined cause (eGFR <60 mL/min/1.73 m?) by age group and sex from 14 cross-sectional commun-

ity studies identified.

Fig. S1). A forest plot of occupation was not included because
each study used different reference categories.

We tested for publication bias for sex, pesticide exposure and
alcohol consumption risk factors. The funnel plot for studies that
have assessed the above risk factors provides evidence for poten-
tial publication bias for pesticide exposure and alcohol consump-
tion (P < 0.014 and P < 0.048, respectively) (Supplementary data,
Fig. 2).

Discussion

We found 25 epidemiological studies that estimated the preva-
lence and assessed risk factors for CKDu in Meso-America. Our
meta-analysis found a clear positive association between male
sex, family history of CKD, high water intake, lowland altitude
and reduced eGFR <60 mL/min/1.73 m? There was no evidence
for associations with pesticide exposure, NSAIDs intake, alcohol
consumption and heat stress. The quality of cross-sectional
studies was medium due to the potential for reverse causality,

incomplete adjustment for confounding factors and the use of a
single SCr measurement. Longitudinal occupational studies
were affected by severe loss of follow-up.

A major issue impacting the quality of all the studies exam-
ined is that CKDu prevalence was estimated using a single SCr
measurement rather than two measurements at least 3 months
apart [36]. In affluent countries, a single measurement is fre-
quently used to estimate the prevalence of CKD, as the intra-
individual variability of creatinine under stable conditions is
only a few percent. However, in a hot setting there is consider-
able seasonal variation and variation depending on work pat-
terns and dehydration status; therefore, depending on when
people are measured, they may have short-term fluctuations of
creatinine that are far more pronounced than in cooler settings.
Also, creatinine elevation can occur due to variations in factors
such as exercise, muscle mass and diet. These factors may not
only affect variability within individuals, but may also bias com-
parisons across populations studies, since each study may over-
or underestimate kidney function depending on the season and
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Table 3. Quality assessment of occupational studies (n=>5)%
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Selection Selection

bias:
participation follow-up

Studies exposure

bias: loss of misclassification bias of

Non-differential Information Non-differential Information

Reverse
Confounding causation

misclassification bias of

exposure  of outcome outcome

Cohort studies
Wesseling et al. [11]

Laws et al. [12]

Laws et al. [13]
Cross-sectional studies
Wesseling et al. [14] N/A

Garcia-Trabanino et al. [15] N/A

2Green bars: low risk of bias; yellow bars: medium risk of bias; red bars: high risk of bias.

N/A, not applicable.

Table 4. Quality assessment of community-based studies (n=20)*

Selection Selection = Non-differential Information Non-differential Information
bias: bias: loss of misclassification bias of misclassification bias of Reverse
Studies participation follow-up  exposure exposure of outcome outcome Confounding causation
Cohort studies
Gonzalez-Quiroz et al. [17] N/A
Minnings et al. [16] _
Cross-sectional studies
Orantes-Navarro et al. [24] N/A N/R N/R N/R
Kupferman et al. [27] N/A
Orantes-Navarro et al. [31] N/A
Lebov et al. [29] N/A
Vela et al. [25] N/A
Orantes et al. [23] N/A
Peraza et al. [28] N/A
Laux et al. [21] N/A
Orantes et al. [22] N/A
Torres et al. [18] N/A
Gonzalez-Quiroz [30] N/A

Garcia-Trabanino et al. [32] _ N/A

Case-control studies

Raines et al. [26] N/A
O’Donnell et al. [20] N/A
Sanoff et al. [19] _ N/A
Ecological studies

Wesseling et al. [33] N/A
Laux et al. [34] N/A
VanDervort et al. [35] N/A

AGreen bars: low risk of bias; yellow bars: medium risk of bias; red bars: high risk of bias.

N/A, not applicable; N/R, not reported.

setting of fieldwork or biological variation in the production of
creatinine. In addition, creatinine levels may also be affected by
‘fixed’ factors such as ethnicity, which may also bias compari-
sons between populations.

The longitudinal occupational studies were affected by a
loss of follow-up of up to 50% of their participants. This severely
compromises study validity because those with CKDu are more
likely to not be followed up [11-13]. Occupational studies are
used to increase the power of a study when it is thought that a
particular occupational exposure causes a problem. However, in
the context of CKDu, it is not yet entirely clear whether occupa-
tion is the only risk factor or whether there are other risk factors

that predispose young men to CKDu when they start working in
sugarcane. Overall, considering the differential loss to follow-up
of occupational studies, community cohorts have many advan-
tages compared with occupational studies since they represent
the entire risk population (workers from all occupations and
both genders) and an assessment of environmental exposures
at home [17].

Ecological studies may be affected by variability within
regions in exposure and disease classification and by unmeas-
ured confounding factors [33-35]. CKD mortality rate may vary
across regions because of misclassification either of the cause
reported by death certificate or by better case detection.
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Fig. 3. Forest plots of association with (A) sex, (B) family history of CKD, (C) water intake, (D) lowland altitude and (E) pesticide exposure estimates associated with CKD
of undetermined caused (eGFR <60 mL/min/1.73 m?). Black diamond data markers express PORs; horizontal lines are the 95% Cls; grey square marker size indicating
the statistical weight of the study using the random effects meta-analysis. A diamond data marker denotes the overall POR and 95% for the outcome of interest.

Moreover, environmental temperature may be different
within regions or areas due to variability in seasons and
altitude. Finally, the lack of control for confounders have
been an Achilles heel for ecological studies, even on the
assumption that all variables have been accurately measured
for all groups at a national level, basically due to the analysis
strategy, which cannot completely remove bias due to the
confounder.

Epidemiological studies have underlined many potential risk
factors for CKDu, including male sex, occupation, high ambient
temperature, self-medication with NSAIDs, altitude, exposure
to heavy metals or pesticides and genetic susceptibility [11, 13-
15, 18, 28]. While our systematic review could confirm the

association with male sex, none of the other suggested risk fac-
tors were sufficiently well studied to conclusively prove or dis-
prove their role. The most commonly cited working hypothesis
for this disease has been heat stress causing repetitive episodes
of dehydration in agricultural and non-agricultural workers due
to working under heat stress and high humidity [15, 37], which
may result in acute kidney injury (AKI) secondary to hypoperfu-
sion or rhabdomyolysis [38]. However, although this hypothesis
has been explored in an experimental study that suggested that
dehydration and hyperosmolarity may induce tubular injury via
activation of the polyolfructokinase pathway in the kidney [39],
there have been no corresponding data in humans to support
this hypothesis.
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Our meta-analysis has identified positive associations of
high water intake and CKDu in two cross-sectional community
studies [29, 30] and one case-control study [19]. The study
authors’ interpretation of these findings was that high water
intake could be a proxy for exposure to heat stress and volume
depletion during the workday secondary to high exertion and
sweating [11, 14, 15, 40]. Some authors hypothesized that high
water intake means that study participants drank more water
trying to compensate for fluid deprivation, but that this is not
enough to recover their hydration status [11, 14, 15]. Other
authors have suggested that these associations are driven by
intake from contaminated water sources (with pesticides or
heavy metals) in the affected areas [41, 42]. An alternative inter-
pretation could be reverse causation due to underlying kidney
damage, in that those with kidney damage are unable to con-
centrate their urine and therefore need to drink more to not feel
thirsty. To address the issue, it will be important to conduct
more longitudinal studies to gain better insight into this
association.

Pesticides are used extensively in Meso-America. Farmers in
the cooler highland regions use pesticides similarly to farmers
in coastal regions, yet CKDu prevalence is much lower at higher
altitudes [15, 20-23, 26, 30]. Most of the studies that suggest a
possible association between AKI and exposure to organochlor-
ides, paraquat, 2,4-diclorophenoxyacetic and glyphosate have
been conducted in animals [43, 44]. A single prospective cohort
study among male licensed pesticide applicators in the USA
reported an association between end-stage renal disease and
exposure-response and increasing accumulated lifetime days
in pesticide exposure and non-exposure for some herbicides
such as alachlor, paraquat, pendimethalin, atrazine, permethrin
and metolochlor [45]. The principal limitation of existing epide-
miological studies is that exposure has been assessed using cat-
egorical questions (yes and no) and not by quantifying the
pesticide residues in urine or blood [14, 19, 20, 26, 32]. Our find-
ings suggest selective reporting of studies supporting an associ-
ation with CKDu. Overall, the evidence about pesticide exposure
and CKDu is still inconclusive.

Genetic predisposition may play a role in the CKDu epi-
demic, as some studies, and our meta-analysis, have suggested
a positive association between family history of CKD and CKDu.
Although CKD in general shows a high heritability of disease,
suggesting familial clustering of risk factors, these have not
been explained by genetic association studies [46, 47]. A positive
association with family history of CKDu may simply be due to
children who lost parents to CKDu or living in rural areas start-
ing to work earlier in sugarcane or agriculture to support their
household income.

Our systematic review has strengths and limitations. To our
knowledge, this is the first systematic review that included a
meta-analysis and evaluated the study quality of each epide-
miological study by using a pre-specified tool adapted from
Higgins et al. [10] for observational studies. Second, we included
a broad definition of CKD of unknown aetiology and a variety of
exposures. The main limitations of the review are that the avail-
able evidence on CKDu is overall patchy and inconclusive.

In summary, apart from male sex, positive family history,
high water intake and lowland altitude, existing studies have
been inconclusive with regards to potential risk factors for
CKDu, such as pesticide use, NSAIDs, heavy metals, alcohol
consumption, heat stress and dehydration. Longitudinal
community-based studies are needed to address problems of
reverse causality (as per existing cross-sectional studies) as well

CKD of undetermined cause in Meso-America | 505

as differential loss to follow-up (as per existing occupational
studies).
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