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Abstract
Background. Mostly anecdotal reports describe a high
prevalence of chronic kidney disease in northwestern
Nicaragua, predominantly among younger men, resulting
in substantial morbidity and mortality. The true prevalence,
nature and aetiology of kidney disease in this region remain
unknown.
Methods. We performed a population-based prevalence
study in Quezalguaque, Nicaragua to assess the frequency
of estimated glomerular filtration rate (eGFR) <60 mL/
min/1.73 m2, and compared the prevalence of reduced
eGFR in Quezalguaque with the USA using the NHANES
1999–2006 data. We also conducted an embedded case–
control study in a subset of participants to assess kidney
disease risk factors.
Results. From 1882 eligible households, 771 individuals
from 300 households participated in the prevalence study,
98 (13%) of whom had reduced eGFR. Reduced eGFR was
more common among older participants, men and participants
living at lower altitudes. Among 18–29-year-old participants,
2.6% had reduced eGFR, and among 30–41-year-old
participants, 7.4% had reduced eGFR; this compares with
0.2% and 0.8%, respectively, in NHANES. No individuals
in these age groups were diabetic. Among cases, only 27%
had dipstick proteinuria of 11 or greater, compared with 7%

of controls. Haematuria did not significantly differ between
cases and controls (24% versus 18%). In age- and sex-
adjusted models, hypertension and residence at lower altitude
were independently associated with reduced eGFR, while
occupational history was not associated with reduced eGFR.
Conclusions. Kidney disease appears common in residents
of Quezalguaque, Nicaragua, particularly in younger men,
with features most consistent with tubulointerstitial disease.
Further research is needed to elucidate the causes of kidney
disease in this region.

Keywords: chronic kidney disease; epidemiology; Latin America;
Nicaragua; prevalence

Introduction

For more than two decades, multiple reports have described
a high prevalence of chronic kidney disease (CKD) in
northwestern Nicaragua and coastal El Salvador, predom-
inantly among younger men [1–6]. Many of these reports
have methodological concerns, and a few have reached the
peer-reviewed literature. Putative risk factors described in
these studies include agricultural work [1,4–7], pesticide
exposure [1,5,6], living at lower altitude [8], alcoholism
in general [4–6,9] and, more specifically, consumption of
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commercially produced bulk rum known as ‘Guaro Lija’
[4,5]. In addition, local physicians posit that substantial
volume depletion occurring in agricultural workers in the
cotton and sugar cane industries may be an important con-
tributing factor to the progression of the kidney disease
(personal communications by D.W. with Drs Felix Zelaya,
Mauricio Jarquin and Erwin Reyes, June 2009). Impor-
tantly, traditional risk factors for CKD, such as diabetes,
hypertension and cardiovascular disease, are not implicated
as causes of CKD in this region [1,5,6,9,10].

A recent study by Torres and colleagues explored the prev-
alence of reduced glomerular filtration rate (GFR) in five
communities in the department of León, Nicaragua, describ-
ing a high prevalence of elevated serum creatinine (�1.3 mg/
dL) with minimal proteinuria in villages where mining and
subsistence farming (26% of men, age 20–60 years) and ba-
nana/sugar cane farming (22% of men, age 20–60 years) are
the primary industry [11]. In order to further define the prev-
alence of and explore risk factors for kidney disease in this
region, we carried out a population-based prevalence study in
the town of Quezalguaque, Nicaragua, building on method-
ology used in the Torres study. To contextualize disease rates,
we compared the prevalence of decreased GFR in Quezalgua-
que with the USA based on the National Health and Nutrition
Examination Survey (NHANES) 1999–2006 data. We also
conducted an embedded case–control study in a subset of
participants to assess potential risk factors for decreased GFR.

Materials and methods

Study overview and population

Quezalguaque is a small, rural municipality located in the department of
León on the Pacific coast of Nicaragua, comprised of 22 communities with
an adult population of 5749. In July 2008, we conducted a population-based

prevalence study in Quezalguaque with an embedded case–control study.
Study design and data collection materials were consistent with a concurrent
study being conducted in the department of León by the Universidad Nacio-
nal Autónoma de Nicaragua-León (UNAN-León) [11]. The Brookline–Que-
zalguaque Sister City Committee (Brookline, MA) provided resources and
organizational support, and the Institutional Review Boards of Boston Uni-
versity and the UNAN-León approved all study activities.

Prevalence study

Individuals were enrolled from all 22 communities within Quezalguaque.
A random sample of households in each community was selected from the
2007 Quezalguaque census; the number of households sampled in each
community was proportional to the population of that community relative
to the entire municipality. All adult members of each sampled household
residing in the household during the study period were eligible for the
prevalence study. Households were approached twice to account for ab-
sence in the first attempted encounter. If some but not all family members
were present, the family was approached once more at a time of their
recommendation. Research assistants explained the study to each individ-
ual and obtained oral informed consent prior to screening and data collec-
tion. Age, sex, height, weight and serum creatinine level were recorded for
all participants in the prevalence study. The location of each household
was determined using a portable GPS device.

The Stat Sensor, a hand-held, battery-operated device (Nova Biomed-
ical, Waltham, MA, USA), was used to determine serum creatinine and
estimated GFR (eGFR). As the Stat Sensor has not been calibrated to an
IDMS-standardized creatinine assay, eGFR for individuals was calculated
using the original four-variable MDRD Study equation (eGFR ¼ 186 3

creatinine�1.154
3 age�0.203

3 0.742 if female) [12]. Individuals with
eGFR <60 mL/min/1.73 m2 were designated ‘cases’ and included in the
case–control portion of the study.

Comparison with NHANES

We compared results from the prevalence study with CKD prevalence
estimates in the USA using the NHANES. The NHANES is a cross-
sectional, multistage, stratified, clustered probability sample of the civilian,
non-institutionalized US population. The NHANES population encom-
passed 19 781 participants from the 1999–2006 surveys who were 18 years
and older and were not missing serum creatinine measurements. In the
NHANES, serum creatinine was measured using a kinetic rate Jaffe method
and re-calibrated to standardized creatinine measurements obtained at the

Total Households

n=1886

Households Approached

n=328

Households Enrolled†

(Prevalence Study)

n=300

Households Enrolled‡

(Case-Control Study)

n=275

Individuals Enrolled

(Prevalence Study)

n=771

Cases

n=98

Non-Cases

n=673

Cases

n=98

Controls*

n=221

Fig. 1. Derivation of the participant populations for the cohort and case–control studies. Thirteen households (dagger) were unavailable on two attempts,
and 15 declined evaluation. Twenty-five (double dagger) declined further evaluation. In 54 of 272 households (asterisk), the randomly selected control
was a case, and no further occupant was selected as a control.
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Cleveland Clinic Research Laboratory (Cleveland, OH, USA) [13]. GFR
was estimated using the four-variable MDRD Study equation re-expressed
for standardized values [14]. Stata version 10.0 (StataCorp, College Station,
TX, USA) was used for analyses to incorporate the NHANES sampling
weights to obtain unbiased prevalence estimates from the complex
NHANES sampling design. Standard errors for all estimates were obtained
using the Taylor series (linearization) method following the NHANES
recommended procedures [15].

Case–control study

Selection of Quezalguaque residents for the prevalence and case–control
studies is summarized in Figure 1. Based on the Quezalguaque census,
occupants 18 years old and older in each household in Quezalguaque were
randomly ordered. Upon obtaining consent from each participating house-
hold, occupants with and without reduced eGFR were identified from
households participating in the prevalence study. Using the randomly
ordered list, we sought to enrol one control per household. If the selected
individual declined or could not be located, the next person on the list for
that household became the control, and so on. If the randomly selected
person to be a control for that household was identified as ‘case’, we did not
select an additional control for the household. Men were oversampled in the
control selection by a pre-specified 2:1 ratio, reflecting previously reported
higher prevalence of CKD in Nicaraguan men. A detailed questionnaire
was administered to all controls and cases, and included questions about
literacy, education and work history, exposure to pesticides and other chem-
icals, alcohol and cigarette use, and personal and family medical histories.
Blood pressure was assessed in both cases and controls with the participant
seated after a 5-min rest, using either a standard sphygmomanometer and
stethoscope or an automated blood pressure cuff. Additional blood samples
were obtained from all participants in the case–control study, stored and
refrigerated at the local health centre, and transported to Nova Biomedical
for analysis. Glucose was assayed on the Stat Strip Xpress glucometer from
Nova Biomedical, and lead was assayed on LeadCare II analyser from ESA
Biosciences (Chelmsford, MA, USA). Urinalysis was performed on-site
using Siemens Multistick 10 SG reagent strips.

Study outcomes

For both the prevalence and case–control studies, the outcome of interest was
CKD stage 3 or worse, defined by eGFR <60 mL/min/1.73 m2 on a single
measurement. For case–control participants, proteinuria and haematuria were
dichotomized at 11 or greater on urine dipstick analysis.

Statistical analyses

The prevalence of CKD was determined and compared across different sub-
groups using t-tests and chi-square analyses as appropriate. In the case–control
analyses, in addition to the variables available in the prevalence study, other
variables of interest included diabetes (random serum glucose�200mg/dL or

self-report of diabetes), hypertension (blood pressure�140/90mmHg or self-
report of high blood pressure), type of work (agricultural, and specifically
cotton and sugar cane), literacy and schooling, exposure to pesticides (self-
report), water source (well, piped or other), and medication use (NSAIDS,
antibiotics or antihypertensive agents). In a sensitivity analysis, we used a
glucose level of�126mg/dL to define diabetes. t-tests and chi-square analyses
were performed, as appropriate, andMantel–Haenzsel odds ratios were calcu-
lated, controlling for sex and age. Analyses were performedwith SAS version
9.2 (Cary, NC, USA). All testing was two-sided.

Results

Prevalence study

Of the 1882 eligible households in the municipality of
Quezalguaque, 771 individuals from 300 households partici-
pated in the prevalence study (Figure 1). The majority of the
study population was female (61%) with a median age of 35
years (Table 1). Eighty percent of the population lived in
areas <500 m above sea level. Among participants, 33%
had a body mass index (BMI) between 25 and 30 kg/m2

(overweight), and 24%were above30kg/m2 (obese) (Table 1).
Of these 771 participants, 98 (13%) had eGFR <60 mL/

min/1.73 m2. There was a higher prevalence of low eGFR
among older participants, men and participants living at
lower altitudes (Table 1). Although older adults were more
likely to have lower eGFR, there were a substantial number
of individuals among the youngest participants with
eGFR <60 mL/min/1.73 m2 (2.5% of the 278 participants
between 18 and 30 years; Table 2). Only 16 people had
diabetes; the youngest of whom was 44 years old.

Comparison with the NHANES 1999–2006

Table 2 and Figure 2 compare the distribution of eGFR
among age and sex groups in Quezalguaque with the same
groups in the USA. Age groups reflect quartiles generated
from the case–control population. The overall preval-
ence of eGFR <60 mL/min/1.73 m2 is 1.8 times greater
in Quezalguaque than in the USA, with higher rates appa-
rent at all age groups. Unlike in the USA, where CKD rates

Table 1. Population characteristics stratified by eGFR level

Variable eGFR <60 n ¼ 98 (13%) eGFR �60 n ¼ 673 (87%) Total n ¼ 771 P-value

Men, women 20.1% (60), 8.0% (38) 79.9% (238), 92.0% (435) 39% (298), 61% (473) <0.001
eGFR 38.7 6 15.8 101.0 6 25.5 93.1 6 32.1
Age (years) 55.0 6 16.7 36.1 6 14.4 38.5 6 16.0 <0.001
Age group

18–30 years 7.1% (7) 40.3% (271) 36.1% (278) <0.001
31–41 years 15.3% (15) 28.2% (190) 26.6% (205)
42–56 years 27.6% (27) 20.7% (139) 21.5% (166)
571years 50.0% (49) 10.9% (73) 15.8% (122)

BMI (kg/m2) 26.2 6 5.0 26.8 6 5.6 26.8 6 5.5 0.33
BMI
<20 kg/m2 7.3% (7) 7.5% (50) 7.4% (57) 0.36
20–24.9 kg/m2 41.7% (40) 34.0% (228) 35.0% (268)
25–29.9 kg/m2 26.0% (25) 34.5% (231) 33.4% (256)
301kg/m2 25.0% (24) 24.0% (161) 24.2% (185)

Elevation
<500 m 88.7% (86) 79.3% (532) 80.5% (618) 0.04
�500 m 11.3% (11) 20.7% (139) 19.5% (150)

eGFR values are truncated to 150 mL/min/1.73 m2. BMI, body mass index.
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are similar among men and women, the prevalence of CKD
inQuezalguaque is 2.6 times greater among men than among
women. The greatest discrepancy between Quezalguaque
and the US rates is seen in men ages 30–41, with rates 16
times higher in Quezalguaque. Similarly, for women, the
ratio of CKD prevalence in Quezalguaque to that in the
USA is highest in the youngest age group (Table 2). In a
sensitivity analysis, using the CKD–EPI equation, there was
substantial reclassification of individuals initially categorized
with eGFR between 30 and 59 mL/min/1.73 m2, particularly
among younger participants; however, the degree of reclas-
sification was similar in magnitude to that seen in the US
population. There was only a minimal change in eGFR for
individuals with levels consistent with stage 4 CKD (data not
shown).

Case–control study

A total of 221 participants in the prevalence study were
designated as controls and enrolled into the case–control
portion of the study (Figure 1). Of the 98 cases, 27% had
urine protein 11 or higher, compared with 7% of controls
(P < 0.001); 24% had 11 or higher haematuria, compared
with 18% of controls (P ¼ 0.24) (Table 3).

A higher percentage of cases (61%) than controls (50%)
were men (P ¼ 0.05 in univariate and P ¼ 0.06 in analyses
adjusted for age) and lived at lower altitudes (89% vs. 79%;
P ¼ 0.03). Cases were older than controls (55 � 17 years
vs. 37 � 14 years; P < 0.001). Cases were also less literate
than controls (73% vs. 90%; P < 0.001) and less likely to
have attended school (76% vs. 88%; P ¼ 0.009). Other
significant univariate associations included working in cot-
ton industry and Lija consumption (Table 3). After adjust-
ing for age and sex, only hypertension and residence at an
altitude <500 m were associated with CKD. Agricultural
work and Lija consumption, both putative risk factors for
CKD in other reports, were not significantly associated in
adjusted analyses. Given the relatively small size of our
study, it is worth noting that pesticide exposure (OR ¼

1.85, 95% CI ¼ 0.84–4.07) and current or former alcohol
consumption (OR ¼ 1.97, 95% CI ¼ 0.86–4.48) were pos-
itively, albeit not significantly, associated with CKD.

Historically, cotton was the major crop in this region;
accordingly, cotton work was assessed in a subgroup of
individuals with no sugar cane work experience to rule
out masking of a possible interaction between age and
agricultural work as an explanation for the association
between cotton work and kidney disease. In this subgroup
analysis, a higher percentage of cases than controls had a
history of cotton work (75.4% vs. 51.3%; P ¼ 0.002; data
not shown); however, there was no significant association
after adjusting for age and sex. Defining diabetes by glu-
cose �126 mg/dL or personal history, we found a statisti-
cally significant difference between the groups, with 32%
of cases and 18% of controls (P ¼ 0.004) classified
with diabetes; this was not significant in age- and sex-
adjusted models. Overall, lead levels were low, and there
was no association between blood lead and kidney disease
status.

Discussion

In the current study, performed in the municipality of Que-
zalguaque, Nicaragua in response to anecdotal reports of a
high prevalence of kidney disease in agricultural regions in
northwestern Nicaragua, we found an overall prevalence of
decreased eGFR (<60 mL/min/1.73 m2) of 12.7%, a rate
that is substantially higher than the 7.0% prevalence ob-
served in the US NHANES data and reflects disease occur-
ring at a younger age. Our data are consistent with another
recent report from this region, which also noted a high
prevalence of reduced eGFR [11]. Although present in all
age groups, the difference in kidney disease prevalence
between Quezalguaque and the USA is most striking in
younger men, with rates approximately nine times higher
in Quezalguaque. Given the absence of high-grade protei-
nuria in affected individuals, this finding suggests that there

Table 2. Comparison of frequency of CKD stages in Quezalguaque with the USA using the NHANES data

Age group GFR category

Total Men Women

Quezalguaque (n ¼ 771) US Quezalguaque (n ¼ 298) US Quezalguaque (n ¼ 473) US

Total GFR 601 87.3 (673) 93.1 80.0 (238) 94.4 92.0 (435) 91.8
Stage 3 (GFR 30–59) 8.7 (67) 6.5 11.1 (33) 5.1 7.2 (34) 7.7
Stage 4 and 5 (GFR <30) 4.0 (31) 0.5 9.1 (27) 0.5 0.9 (4) 0.5

18–<30 GFR 601 97.5 (271) 99.8 97.0 (95) 99.7 97.8 (176) 99.9
Stage 3 (GFR 30–59) 2.2 (6) 0.1 2.0 (2) 0.2 2.2 (4) 0.1
Stage 4 and 5 (GFR <30) 0.4 (1) 0.1 1.0 (1) 0.1 0 (0) <0.1

30–<42 GFR 601 92.7 (190) 99.2 86.6 (71) 99.2 96.8 (119) 99.2
Stage 3 (GFR 30–59) 5.4 (11) 0.7 8.5 (7) 0.7 3.3 (4) 0.7
Stage 4 and 5 (GFR <30) 2.0 (4) 0.1 4.9 (4) 0.1 0 (0) 0.1

42–<57 GFR 601 83.7 (139) 96.5 72.3 (47) 97.3 91.1 (92) 95.7
Stage 3 (GFR 30–59) 10.2 (17) 3.3 15.4 (10) 2.5 6.9 (7) 4.1
Stage 4 and 5 (GFR <30) 6.0 (10) 0.2 12.3 (8) 0.2 2.0 (2) 0.1

571 GFR 601 59.8 (73) 77.8 47.2 (25) 81.0 69.6 (48) 75.2
Stage 3 (GFR 30–59) 27.1 (33) 20.7 26.4 (14) 17.5 27.5 (19) 23.3
Stage 4 and 5 (GFR <30) 13.1 (16) 1.5 26.4 (14) 1.5 2.9 (2) 1.6

All data are in percentage, with the overall number of individuals in each group in parentheses for Quezalguaque only. GFR, estimated glomerular
filtration rate in mL/min/1.73 m2.
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are different aetiologies responsible for the development of
kidney disease in Nicaragua versus the USA.

The results of our case–control study confirm that the
epidemiology of kidney disease in Nicaragua is different
than that seen in the USA and other developed nations.
Although Quezalguaque residents with diabetes and hyper-
tension did have a higher prevalence of decreased eGFR
and proteinuria, these factors accounted for only a small
portion of prevalent CKD in Quezalguaque, with many
cases of hypertension potentially resulting from rather than
causing kidney disease. Critically, the vast majority of
cases, particularly those occurring in younger adults, did
not have evidence of significant proteinuria, making diabe-
tes, hypertension and glomerulonephritides unlikely the
causes of kidney disease in this region. The association

between lower elevation and increased prevalence of de-
creased GFR has been described elsewhere [1]. It is unclear
whether this association represents a direct environmental
effect (e.g. water quality) or is a marker for other activities
that might be associated with CKD (e.g. occupation). Some
investigators in Nicaragua and other regions along the west
coast of Latin America have hypothesized that volume de-
pletion in the setting of intensive agricultural work and
extremely high ambient temperatures may predispose res-
idents to CKD [16]. In theory, kidney effects of volume
depletion could be exacerbated by frequent use of
non-steroidal anti-inflammatory drugs and nephrotoxic
antibiotics, and slightly lower temperatures (as seen at
higher altitudes) protective against volume depletion. How-
ever, in the current study, perhaps due to recall and
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indication bias, we obtained contradictory results about
volume depletion. The development of a more comprehen-
sive assessment for volume depletion could be helpful in
determining its association with CKD in Nicaragua.

In recent years, increasing worldwide attention has been
paid to the increase in the prevalence and the public health
approach in diagnosing and treating CKD [17–20]. In the

industrialized world, much of the rising prevalence reflects
an increase in traditional kidney disease risk factors, such
as diabetes and hypertension, as well as an ageing and
increasingly overweight population [21]. In many develop-
ing nations, the rising prevalence of CKD may be attribut-
able to similar processes [22], but the aetiology of CKD in
other regions remains uncertain [23]. In some regions,

Table 3. Risk factors for eGFR <60 mL/min/1.73 m2 from the case–control study

Cases n ¼ 98 (30.7%) Controls n ¼ 221 (69.3%) Odds ratio (unadjusted) Odds ratio (age- and sex-adjusted)

Demographics
Age, per 5 years 55.0 6 16.7 36.5 6 13.8 1.45 (1.32, 1.59) –
Age group <30 7 (7.1%) 78 (35.3%) Reference –

30–41 15 (15.3%) 72 (32.6%) 2.32 (0.90, 6.02) –
42–56 27 (27.6%) 51 (23.1%) 5.90 (2.39, 14.7) –
571 49 (50.0%) 20 (9.1%) 27.3 (10.8, 69.3) –

Men 60 (61.2%) 101 (45.7%) 1.88 (1.16, 3.05) –
Elevation �500 m 11 (11.3%) 52 (23.6%) 0.39 (0.19, 0.82) 0.39 (0.18, 0.85)
Residence near field 50 (53.2%) 121 (55.5%) 0.91 (0.56, 1.48) 0.92 (0.52, 1.63)
Water source Well 40 (42.1%) 77 (35.2%) Reference Reference

Piped 51 (53.7%) 139 (63.5%) 0.71 (0.43, 1.16) 0.69 (0.38, 1.23)
Other 4 (4.2%) 3 (1.4%) 2.57 (0.55, 12.0) 0.93 (0.13, 6.71)

Medical history
Diabetes 8 (8.2%) 8 (3.6%) 2.37 (0.86, 6.50) 0.64 (0.21, 1.99)
Hypertension composite 65 (68.4%) 99 (45.2%) 2.63 (1.58, 4.36) 2.30 (1.25, 4.23)
History of hypertension 34 (36.2%) 51 (26.4%) 1.58 (0.93, 2.68) 1.52 (0.80, 2.89)
Systolic BP, per 5 mmHg 135.4 6 18.2 126.3 6 21.3 1.11 (1.05, 1.18) 1.05 (0.98, 1.13)
Diastolic BP, per 5 mmHg 85.7 6 13.2 78.5 6 14.1 1.20 (1.10, 1.32) 1.17 (1.05, 1.30)
NSAID use 43 (45.7%) 93 (43.1%) 1.12 (0.69, 1.82) 1.42 (0.79, 2.56)
Antibiotic use 16 (17.0%) 33 (15.3%) 1.14 (0.59, 2.19) 1.18 (0.55, 2.53)
Work history
Agricultural work 81 (86.2%) 164 (74.9%) 2.09 (1.08, 4.05) 1.00 (0.44, 2.27)
Duration 0 year 13 (13.8%) 55 (25.1%) Reference Reference

<1 year 13 (13.8%) 40 (18.3%) 1.38 (0.58, 3.28) 0.52 (0.18, 1.49)
1–5 years 8 (8.5%) 30 (13.7%) 1.13 (0.42, 3.03) 1.13 (0.34, 3.69)
6–20 years 24 (25.5%) 51 (23.3%) 1.99 (0.92, 4.32) 1.41 (0.55, 3.62)
201 years 36 (38.3%) 43 (19.6%) 3.54 (1.67, 7.49) 1.18 (0.44, 3.15)

Any pesticide exposure 75 (83.3%) 141 (67.1%) 2.45 (1.31, 4.57) 1.85 (0.84, 4.07)
Mix or apply pesticides 47 (50%) 78 (35.9%) 1.78 (1.09, 2.91) 1.32 (0.66, 2.64)
Cotton work 77 (83.7%) 126 (57.5%) 3.79 (2.05, 7.01) 1.33 (0.64, 2.79)
Sugar cane work 32 (36.0%) 61 (28.4%) 1.42 (0.84, 2.40) 1.52 (0.77, 2.99)
Heavy exertion <1 h 50 (53.2%) 88 (40.2%) Reference Reference

1–2 h 15 (16.0%) 48 (21.9%) 0.55 (0.28, 1.08) 0.54 (0.24, 1.19)
31 h 29 (30.9%) 83 (37.9%) 0.62 (0.36, 1.06) 0.59 (0.30, 1.13)

Social history
Smoking status Never 48 (51.6%) 141 (66.8%) Reference Reference

Former 23 (24.7%) 35 (16.6%) 1.93 (1.04, 3.59) 0.60 (0.26, 1.42)
Current 22 (23.7%) 35 (16.6%) 1.85 (0.99, 3.45) 1.50 (0.66, 3.38)

Current/former alcohol 61 (64.9%) 108 (49.8%) 1.87 (1.31, 3.08) 1.97 (0.86, 4.48)
Current/former Lija 28 (38.9%) 33 (22.2%) 2.24 (1.21, 4.12) 1.12 (0.51, 2.45)
Literate 66 (73.3%) 187 (90.3%) 0.29 (0.15, 0.57) 0.59 (0.27, 1.27)
Attended school 71 (75.5%) 191 (87.6%) 0.44 (0.24, 0.81) 1.23 (0.58, 2.63)
Laboratory testing
eGFR (mL/min/1.73 m2) 38.7 6 15.8 100.7 6 30.5
Proteinuria None 49 (52.1%) 177 (81.2%) Reference Reference

Trace 19 (20.2%) 33 (15.1%) 2.08 (1.09, 3.97) 2.28 (1.06, 4.89)
11 6 (6.4%) 3 (1.4%) 7.22 (1.74, 29.9) 4.59 (0.93, 22.6)
�21 20 (21.3%) 5 (2.3%) 14.5 (5.16, 40.4) 14.0 (4.23, 46.2)

Haematuria None 55 (59.1%) 155 (70.8%) Reference Reference
Trace 16 (17.2%) 29 (13.2%) 1.56 (0.79, 3.08) 1.19 (0.52, 2.70)
11 4 (4.3%) 3 (1.4%) 3.76 (0.82, 17.3) 2.88 (0.44, 18.7)
�21 18 (19.4%) 32 (14.6%) 1.59 (0.82, 3.05) 1.56 (0.73, 3.37)

Lead (lg/dL) <3 81 (93.1%) 197 (92.2%) Reference Reference
3–5 5 (5.8%) 11 (5.2%) 1.11 (0.37, 3.28) 0.64 (0.17, 2.40)
>5 1 (1.2%) 4 (1.9%) 0.61 (0.07, 5.53) 1.22 (0.13, 11.8)

All values are mean6 standard deviation or n (%). Diabetes was defined by either personal history or random serum glucose�200 mg/dL. Hypertension
composite was defined by personal history of hypertension, systolic blood pressure�140 mmHg or diastolic blood pressure�90 mmHg. Odds ratios for
blood pressure are per 5 mmHg rise. Exertional work was defined by the answer regarding howmany hours an individual would sweat while at work. Lija
consumption was missing for 111 entries, equally distributed among cases and controls.
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increased prevalence appears localized, and in the case of
Balkan endemic nephropathy, this geographic pattern
helped define a distinct aetiology of kidney disease [24].

In Nicaragua, given the absence of both traditional CKD
causes and proteinuria in individuals with reduced GFR,
tubulointerstitial disease is the most likely aetiology of
kidney disease. Unfortunately, it is very difficult to discrim-
inate among the various causes of tubulointerstitial kidney
disease. However, lessons may be drawn from other re-
gions with high rates of tubulointerstitial kidney disease.
For example, in Balkan endemic nephropathy, it is hy-
pothesized that seeds from plants of the genus Aristolochia
contaminate local grain sources and, when consumed, pre-
dispose to the indolent development of a chronic interstitial
nephritis and progressive interstitial fibrosis. Sri Lanka has
also recently observed a very high rate of kidney failure
which, similar to that seen in the Balkans and in Latin
America, manifests with minimal proteinuria and a male
predominance [25]. Several other regional CKD epidemics
previously have been described; these include likely inges-
tion of food contaminated with cadmium and mercury in
Japan [26,27], and contamination of food with ochratoxin
in Tunisia [28]. Based on the male predominance and
tubulointerstitial manifestation of the disease, the current
study in Quezalguaque suggests that an exposure, perhaps
occupational or environmental, may be contributing to
CKD; unfortunately, no causal agents have been identified.

Our study has several strengths, including a population-
based sampling strategy, potentially allowing for greater
generalizability than prior studies that were conducted in
specific sub-populations. Additionally, we coordinated our
efforts with the local health centre, giving us greater cred-
ibility and enabling a very high response rate, with >90%
of households approached participating in the study. Our
study also has several limitations. First, women were over-
represented in the study population, likely reflecting that
many men either worked late hours or had left the region to
find employment. Accordingly, we oversampled men in the
case–control study in an attempt to include a sufficient
number for analysis. Second, urinalysis was performed
only in participants in the case–control study. As such,
we were only able to evaluate the prevalence of reduced
eGFR and cannot draw conclusions about earlier stages of
CKD. However, even in individuals with reduced eGFR,
there was a relatively low prevalence of dipstick proteinu-
ria. In future studies, quantitative analysis of urine proteins
will be considered. Third, the creatinine assay used to cal-
culate the eGFR was not calibrated to standardized assays.
Although differences in calibration and specific estimating
equations can have substantial effects on prevalence esti-
mates [29,30], variation associated with assays and equa-
tions has larger effects at lower levels of creatinine, and at
eGFR levels <60 mL/min/1.73 m2 and, particularly, at
levels <45 mL/min/1.73 m2; bias introduced by measure-
ment and estimation inaccuracies is likely small, making
the high prevalence of late-stage CKD in Quezalguaque,
particularly stage 4, likely robust to these effects. Addition-
ally, classification of both kidney function and albuminuria
was based on a single measure. While this is suboptimal,
individuals assessed were in their usual state of health, likely
lessening misclassification. Fourth, we did not ascertain

how many participants already knew or suspected they
had CKD; this may have affected their answers regarding
current and past exposures. Fifth, the racial distribution of
western Nicaragua, comprised predominantly of a mestizo
population (mixed Amerindian and white), does not have
an equivalent within the NHANES, potentially limiting
comparisons between populations. Importantly, this also
raises the possibility that different genetic factors may
contribute to the pathogenesis of CKD in this region.
Sixth, we lack blood pressure data on the larger cohort
and specific medication use for participants in the case–
control study. While the use of angiotensin-converting
enzyme inhibitors and angiotensin receptor blockers
may have affected serum creatinine levels and proteinuria,
these medications are only intermittently available in
Nicaragua [31], and their use is not commonly adjusted
for and in generation of CKD prevalence estimates in
studies like the NHANES.

In summary, we have demonstrated an elevated preva-
lence of decreased GFR in Quezalguaque, Nicaragua, de-
scribed that this condition is non-proteinuric and not
associated with diabetes, and identified potential risk
factors that warrant further investigation. Given the
predilection of CKD in this region for workers of a produc-
tive age as well as the limited availability of medications
and kidney replacement therapies, this illness has led to
severe personal, economic, and social effects for individu-
als suffering from the disease, their families and their
communities. Future research will require sufficient resour-
ces to support larger and more methodologically advanced
and rigorous studies if the underlying causes of the increase
in CKD in this area are to be discovered.
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