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Decreased Kidney Function of Unknown Cause in Nicaragua:
A Community-Based Survey

Cecilia Torres, MD,1,2 Aurora Aragón, PhD,1 Marvin González, MSc,1 Indiana López, PhD,1

Kristina Jakobsson, PhD,3 Carl-Gustaf Elinder, PhD,4 Ingvar Lundberg, PhD,2 and
Catharina Wesseling, PhD2,5

Background: End-stage kidney disease overwhelms health services in Central America. We
determined prevalences of decreased kidney function in distinct populations in the most affected region
of Nicaragua.

Study Design: Cross-sectional survey.
Setting & Participants: Total populations aged 20-60 years of 5 villages in Northwest Nicaragua:

mining/subsistence farming (elevation, 100-300 m above sea level), banana/sugarcane (100-300 m),
fishing (0-100 m), services (0-100 m), and coffee (200-675 m); 479 men and 617 women (83%
response).

Predictor or Factor: Village; participant sex, age, and occupation; conventional chronic kidney
disease risk factors.

Outcomes: Serum creatinine (SCr) values greater than laboratory reference range for sex, estimated
glomerular filtration rate �60 mL/min/1.73 m2, proteinuria stratified in the low (dipstick protein excretion,
30-300 mg/dL) and high (�300 mg/dL) range.

Results: Prevalences of abnormal SCr levels: 18% (of all men) and 5% (of all women); in the
mining/subsistence farming village, 26% and 7%; banana/sugarcane, 22% and 6%; fishing, 13% and
4%; services, 0% and 1%; and coffee, 7% and 0%. Prevalences of estimated glomerular filtration rate
�60 mL/min/1.73 m2: 14% (of all men) and 3% (of all women); in the listed villages, 19% and 5%, 17%
and 4%, 10% and 2%, 0% and 0%, and 7% and 0%, respectively. Proteinuria, predominantly in the low
range, affected 14% and 11% of all men and women without marked differences between villages. By
occupation, abnormal SCr levels occurred in 31% and 24% of male and female agricultural workers at
100-300 m above sea level, but not at higher altitudes, and also was high in male artisans (43%),
construction workers (15%), and miners (14%). In logistic regression models, for the banana/sugarcane
and mining/subsistence farming villages, high blood pressure and age were significant predictors of
abnormal SCr levels in men, and for mining/subsistence farming, age in women.

Limitations: Causality is not addressed.
Conclusions: In some Nicaraguan villages and population segments, men in particular show a high

prevalence of decreased kidney function of unknown origin, possibly environmental or occupational.
Am J Kidney Dis 55:485-496. © 2010 by the National Kidney Foundation, Inc.

INDEX WORDS: Serum creatinine; chronic kidney disease (CKD); glomerular filtration rate (GFR);
prevalence; Central America; occupation; agriculture.
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hronic kidney disease (CKD) is a world-
wide public health problem with increas-

ng numbers of patients in need of renal replace-
ent therapy.1-7 Knowledge regarding the

revalence or incidence of early-stage CKD none-
heless is scarce. Epidemiologic studies from
ndustrialized countries have identified primarily
ging, diabetes, hypertension, and use of nephro-
oxic drugs as CKD risk factors.1,4,5,7-10 Al-
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hough some developing countries show similar
atterns,11,12 others have identified occupational
nd environmental causes.13,14 The natural sub-
tances aristolochic acid and ochratoxin A have
een related to CKD outbreaks,15-19 and long-
erm exposures to heavy metals have been re-
ealed as causes of renal damage.20-24

Nicaragua recently has witnessed an increas-
ng number of renal replacement therapy patients
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Torres et al486
nd CKD mortality. Data from the Nicaraguan
inistry of Health (MINSA) show that in 1992-

002, the crude national mortality rate increased
rom 4 to 9 deaths/100,000 inhabitants. Most
ffected is the Northwest Pacific region, where
ortality increased from 13 to 36 deaths/100,000

nhabitants, with a male-to-female ratio of 5:1.25

npublished studies in Nicaragua26-28 and other
tudies from Central America14,25,29,30 have sug-
ested increased risks for agricultural workers,
n particular, sugarcane workers, and have noted
hat kidney disease decreases at higher altitudes.

The available information is insufficient to
nderstand the extent of this public health threat
r its causes. The aim of this study is to investi-
ate the prevalence of decreased kidney function
n men and women of 5 villages of Northwestern
icaragua, differentiated by their main eco-
omic profiles and occupations of their inhabit-
nts. We investigated the extent to which con-
entional CKD risk factors may explain the
revalence of decreased kidney function and
ried to substantiate or decrease the likelihood
f agricultural work as a risk indicator and
igh altitude as a protective indicator for renal
amage.

METHODS

etting andStudyPopulation

This cross-sectional survey established the prevalence of
ecreased kidney function in populations aged 20-60 years
f 5 villages in Northwest Nicaragua. The villages were
elected by convenience, with a maximum of 800 inhabit-
nts to be manageable, and represent distinct economic
rofiles and locations at different altitudes: gold mining and
ubsistence farming (200-300 m above sea level), large-
cale banana and sugarcane production (100-200 m above
ea level), small-scale fishery near the Pacific Ocean (0-100

above sea level), small-scale coffee farming (at 675 m
bove sea level and a minor part at 200 m above sea level),
nd services (0-100 m above sea level). The study was
pproved by the Ethical Committee for Biomedical Re-
earch of the National Autonomous University of Nicaragua
t León (UNAN-León).

Data were collected from September to December 2007
n weekends to guarantee maximum participation. Univer-
ity personnel with village representatives performed a cen-
us in each village, registering members of each household
ndependently of being in the village or not. All houses were
eoreferenced. Two weeks after the census, a survey was
arried out using a questionnaire and clinical measurements,
asting 2-5 weekends. Participants were contacted in their
ouses and, if not at home, revisited at the end of the data
ollection in their village. All participants signed an in-

ormed consent. c
ariables, Data Sources, andMeasurements

We used serum creatinine (SCr) level greater than the
aboratory reference range as an indicator for decreased
idney function: �1.2 mg/dL for men and �0.9 for women.
n addition, we estimated glomerular filtration rate (eGFR)
60 mL/min/1.73 m2 based on the isotope dilution mass

pectrometry (IDMS)-traceable 4-variable Modification of
iet in Renal Disease (MDRD) Study equation.31

Trained medical we agree, the change is acceptable stu-
ents visited every house applying the questionnaire cover-
ng demographic information, lifestyle, diseases, and medi-
ations. Subsequently, participants went to a mobile
aboratory located in the health center, community house, or
village leader’s home. Here, we measured blood pressure
sing a previously calibrated digital sphygmomanometer
nd weight and height using a calibrated clinical scale and
btained blood and urine samples.
Participants gave a morning random urine sample (50
L) in a sterile collector and a nonfasting blood sample (20
L) in 2 tubes, 1 with and 1 without anticoagulant. Two

aboratory technicians performed within 30 minutes tests for
lucosuria (glucose levels �100 mg/dL considered positive)
nd 2 different degrees of proteinuria (protein excretion �30
nd �300 mg/dL) using reactive strips for chemical analy-
es (Urine-10; Cypress Diagnostics, www.diagnostics.be/
rame_cl_uri.html). Blood samples without anticoagulant
ere centrifuged within the hour. Serum was transferred to 2

eparate tubes, placed in an icebox, transported at the end of
he day to the laboratory at UNAN-León, frozen, and kept at

20°C. Within 7 days, 1 of the serum sample tubes was
ransported on ice to the Central Laboratory of MINSA,
here SCr was measured using Cobas Integra 400 (Roche
iagnostics, www.labsystems.roche.com/content/products/

ntegra_400plus/introduction.html), automated equipment, us-
ng the Jaffé compensated method.32-34 The remaining serum
nd full blood samples, as well as part of the urine samples,
ere stored for future analyses of nephrotoxins (heavy metals

nd pesticides). For quality control, 10% of the urine samples
andled by each of the 2 technicians were reanalyzed by the
ther, with 97% of samples coinciding in all test parameters.
or SCr measurements, every day an intralaboratory control
as performed on the automated equipment according to its
wn reference values, and in addition, each batch of samples
ransferred to the MINSA laboratory included at least 2 spiked
amples. Deviations were at all times within 1 standard devia-
ion. The MINSA laboratory takes part in an international
nterlaboratory quality control program.

Hypertension was defined as either systolic blood pres-
ure �140 mm Hg, diastolic pressure �90 mm Hg, or
elf-reported medical history. Diabetes mellitus was defined
s glucosuria (glucose excretion �100 mg/dL) using a urine
tick or self-reported medical history of diabetes mellitus.
besity was defined as body mass index �30 kg/m2. Uri-
ary and renal illness was limited to self-reported medically
iagnosed urinary tract infections in the previous year and
istory of renal lithiasis versus no such conditions. Use of
onsteroidal anti-inflammatory drugs (NSAIDs) was defined
s consuming at least 1 NSAID in the previous year for �7
onsecutive days combined with a self-reported history of

hronic joint pain.

http://www.diagnostics.be/frame_cl_uri.html
http://www.diagnostics.be/frame_cl_uri.html
http://www.labsystems.roche.com/content/products/integra_400plus/introduction.html
http://www.labsystems.roche.com/content/products/integra_400plus/introduction.html
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Decreased Kidney Function in Rural Nicaragua 487
Current occupation was classified into primary, second-
ry, and tertiary sectors and economically inactive popula-
ion. The primary sector included categories of agriculture
farmers, farm laborers, and forest workers), fishing (fisher-
en and women), and mining (extraction and support work-

rs). The secondary sector included categories of artisan
anufacturing (food, furniture, and metal objects), construc-

ion (only men), and other occupations of the secondary
ector, mostly machinery and equipment installation and
epair workers. The tertiary sector was kept as 1 category
hat included office workers, teachers, health personnel,
endors, taxi drivers and other transport workers, security
uards and police officers, tourist workers, domestic work-
rs, and other services. The economically inactive popula-
ion included persons receiving disability benefits, house-
ives (only women), students, and unemployed, although

he latter in a strict sense are part of the economically active
opulation.

tatisticalMethods

Descriptive parameters for SCr levels (median, minimum,
aximum, and interquartile range) were calculated as indica-

ors of renal function. All analyses were stratified by sex and
illage. The prevalence of abnormal SCr levels was calcu-
ated according to age and occupational category as an
ndicator of decreased kidney function. In addition, preva-
ences of low- (protein excretion, 30-300 mg/dL) and high-
ange (protein excretion �300 mg/dL) proteinuria and
GFR �60 mL/min/1.73 m2 were computed. �2 tests were
sed for crude comparisons between groups. Multiple logis-
ic regression models examined whether the village of resi-
ency predicted SCr levels greater than the laboratory refer-
nce range after individual adjustment for conventional risk
actors. Predictors were hypertension, diabetes, obesity, uri-
ary tract infections, renal lithiasis, use of NSAIDs, age, sex,
nd village of current residency. To be able to run the models
ith at least 5 participants in each category, populations of the
shing, services, and coffee villages were pooled as the refer-
nce group; age was analyzed as a continuous variable in
omen; and diabetes and renal lithiasis were excluded from

hese models.All analyses were performed using SPSS, version

Figure 1. Study flow dia-
ram of participation rates and
easons for nonparticipation.
verall participation was 83.1%

1,096 total participants), includ-
ng 76.6% of men and 89.6% of
omen.
6.0 (SPSS Inc., www.SPSS.com). i
RESULTS

Of 1,314 inhabitants aged 20-60 years, 1,096
ere included in the analyses, with an overall

esponse rate of 83% (75% of men, 88% of
omen), ranging from 67% of men in the ser-
ices village to 94% of women in the banana/
ugarcane village. Six women from 3 villages
ere excluded for not providing blood and urine

amples. Refusals were �10% for each village.
onparticipation was caused mostly by migra-

ion for work according to information provided
y family members (Fig 1). Most nonresponders
ere aged �40 years and worked currently in

griculture and construction both in and outside
icaragua.
Differences between villages with regard to

nown CKD risk factors were small (Table 1).
he coffee village population was slightly older
nd somewhat leaner. The fishing village popula-
ion had lower prevalences of hypertension and
istory of urinary tract infections. All villages
ad a low prevalence of diabetes. Women more
ften were obese than men and more often re-
orted use of NSAIDs. A high proportion of
articipants reported a history of medically
iagnosed urinary tract infections, particularly
omen, but also men in the mining/subsistence

arming, banana/sugarcane, and services vil-
ages. For urinary tract infections, there was a
lear difference between villages for men, but
ot women.
SCr values varied widely with sex and villages

Table 2). Median values for men living in min-

ng/subsistence farming, banana/sugarcane, and

http://www.SPSS.com
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Torres et al488
shing villages were higher, with wider interquar-
ile ranges than for men in the coffee and ser-
ices villages. The prevalence of SCr level greater
han the upper laboratory reference range was
ighest for men in the mining/subsistence farm-
ng and banana/sugarcane villages at 26% and
2%, followed by the fishing village with a
revalence of 13% for men, respectively. The
revalence of abnormal SCr levels for women
lso was higher in these villages, although consid-
rably lower than for men (7%, 6%, and 4%,
espectively). SCr levels in the services and
offee villages were low for both sexes, with no
en in the services and no women in the coffee

illage having SCr levels exceeding the labora-
ory reference range. The prevalence of eGFR

60 mL/min/1.73 m2 followed a pattern very
imilar to that for increased SCr levels. The
revalence of proteinuria in men was not mark-
dly different between villages.

Table 3 lists prevalences of no, low-range
30-300 mg/dL), and high-range (�300 mg/dL)
roteinuria for eGFRs �60 and �60 mL/min/
.73 m2. High-range proteinuria was seen mainly
n men with an eGFR �60 mL/min/1.73 m2. In
en and women with an eGFR �60 mL/min/

.73 m2, low-range proteinuria was more com-
on than high range in groups with sufficient

umbers, that is, the mining/subsistence farming
nd banana/sugarcane villages. Overall preva-

Table 1. Risk Factors of Study Po

Risk Factor Sex

Mining/Subsistence
Farming

(200-300 masl)

Banana/
Sugarcane

(100-200 mas

ge, mean (y) M 34.9 � 11.4 33.8 � 10.5
F 34.4 � 10.6 35.9 � 10.9

ypertension M 35 (22.2) 32 (20.6)
F 56 (25.0) 46 (26.1)

iabetes mellitus M 2 (1.3) 1 (0.6)
F 11 (4.9) 5 (2.8)

besity M 23 (14.6) 22 (14.4)
F 85 (37.9) 51 (29.0)

se of nonsteroidal
anti-inflammatory
drugs

M 21 (13.3) 11 (7.1)
F 49 (21.9) 28 (15.9)

istory of diagnosed
urinary tract
infections

M 51 (32.2) 50 (32.2)
F 114 (50.9) 91 (51.7)

istory of renal
lithiasis

M 7 (4.4) 6 (3.9)
F 10 (4.5) 2 (1.1)

Abbreviation: masl, meters above sea level.
a�2 test for differences between villages.
ences of proteinuria (protein excretion �30 or w
300 mg/dL) were 12% and 38% for men with
n eGFR �60 and �60 mL/min/1.73 m2 and
1% and 33% for women, respectively.

The mining/subsistence farming and banana/
ugarcane villages, at intermediate altitudes of
00-300 m above sea level, showed the highest
revalences of individuals, particularly men, with
bnormal SCr values. The lowest prevalences
ere in the services village at sea level and the
igh-altitude coffee village, whereas the fishing
illage at sea level showed an intermediate preva-
ence. The 3 persons with abnormal SCr levels in
he coffee village lived in the lowest part located
t 200 m above sea level.

As expected, the percentage of populations
ith SCr levels greater than the reference range

ncreased with increasing age categories. The
revalence of individuals with increased SCr
evels was higher for men than women in all age
roups in all villages except for the services
illage, where no men had abnormal values.
revalences for men aged �40 years in the
ining/subsistence farming and banana/sugar-

ane villages were 19% and 16% versus 6%, 0%,
nd 4% in the fishing, services and coffee vil-
ages, respectively (Fig 2).

Occupational activities were markedly gen-
ered, with men concentrating in the primary sector
nd women being mainly housewives (Table 4).
he prevalence of abnormal SCr levels in men

ns by Village Type and Elevation

ishing
00 masl)

Services
(0-100 masl)

Coffee
(200-675 masl)

Total
(0-675 masl) Pa

� 11.2 33.6 � 12.0 36.1 � 10.3 34.5 � 11.0 0.7
� 11.0 34.7 � 11.1 37.2 � 10.6 34.9 � 10.8 0.3
(16.4) 9 (18.0) 7 (17.9) 95 (20.0) 0.9
(13.6) 22 (24.4) 9 (24.3) 145 (23.6) 0.2
(2.7) 0 1 (2.5) 6 (1.3) 0.8
(4.4) 3 (3.4) 2 (5.4) 25 (4.1) 0.8
(13.2) 13 (26.0) 5 (12.5) 73 (15.2) 0.3
(26.7) 27 (30.0) 9 (24.3) 196 (31.8) 0.2
(9.2) 6 (12.0) 3 (7.5) 48 (10.0) 0.4
(11.1) 15 (16.7) 8 (21.6) 110 (17.8) 0.2

(14.5) 15 (30.0) 7 (17.5) 134 (28.0) �0.01
(36.7) 36 (40.0) 17 (45.9) 291 (47.2) 0.2

(1.3) 6 (12.0) 1 (2.5) 21 (4.4) 0.1
(2.2) 4 (4.4) 3 (8.1) 21 (3.4) �0.01
pulatio

l)
F

(0-1

35.1
33.5

12
12
2
4

10
24
7

10

11
33

1
2

orking in agriculture was 25%. Stratifying agricul-
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Decreased Kidney Function in Rural Nicaragua 489
ural occupation by village, male agricultural work-
rs most often showed increased SCr levels in the
ining/subsistence farming (41%) and banana/

ugarcane (25%) villages compared with 7.5% in
he coffee village. Of 21 women working in agricul-
ure, 4 (19%) had abnormal SCr values, all of them
rom the banana/sugarcane village (Table 5).

Prevalences of abnormal SCr levels in men
orking in artisan manufacturing, construc-

ion, and mining also were high (43%, 15%,
nd 14%, respectively), but based on small
umbers. Fishermen had an intermediate preva-

Table 2. SCr, eGFR, and Proteinuria Measurem

No.

SCr (mg/d

Median Minimun-Ma

ining/subsistence farming
(200-300 masl)

M 158 0.93 0.61-7.
F 224 0.65 0.37-4.

anana/sugarcane (100-
200 masl)

M 155 0.85 0.20-7.
F 176 0.56 0.35-2.

ishing (0-100 masl)
M 76 0.93 0.48-3.
F 90 0.60 0.37-1.

ervices (0-100 masl)
M 50 0.77 0.44-1.
F 90 0.54 0.32-0.

offee (200-675 masl)
M 40 0.75 0.59-1.
F 37 0.60 0.35-0.

otal
M 479 0.87 0.20-7.
F 617 0.61 0.32-4.

c

M 479
F 617

Note: Conversion factors for units: SCr in mg/dL to �mol/
Abbreviation: eGFR, estimated glomerular filtration rate

erum creatinine.
aMen �1.2 mg/dL; women �0.9 mg/dL.
b�2 test for differences between men and women.
c�2 test for differences between villages.
ence of 8%. Of 26 men unemployed or on c
isability benefits, 27% showed abnormal SCr
alues.
In logistic regression models, the adjusted

dds ratios of the conventional risk factors for
Cr levels greater than the laboratory reference
ange showed that age and high blood pressure
elated significantly to abnormal SCr levels in
en. Living in the mining/subsistence farming

r banana/sugarcane village also was related
ignificantly to abnormal SCr levels in men (Table
). For women, adjusted risk estimates were
imilar, although not always statistically signifi-

Study Population by Village Type and Elevation

SCr >
Reference

Rangea
eGFR <60 mL/

min/1.73 m2
Proteinuria
>30 mg/dL

IQR % Pb % Pa % Pb

0.40 26.0 �0.01 18.5 �0.01 15.9 0.4
0.15 6.7 4.9 12.0

0.43 21.9 �0.01 17.1 �0.01 18.1 0.7
0.15 5.7 4.0 16.5

0.33 13.2 0.04 10.5 0.06 14.5 �0.01
0.19 4.4 2.2 3.3

0.17 0.0 0.9 0.0 — 16.0 0.6
0.14 1.1 0.0 13.3

0.20 7.5 0.3 7.5 0.51 7.5 0.9
0.14 0.0 0.0 5.4

0.34 18.3 �0.01 14.2 �0.01 13.8 0.06
0.16 4.9 3.2 11.2

�0.01c 0.01c 0.6c

0.2c 0.20c 0.02c

.4; GFR in mL/min/1.73 m2 to mL/s/1.73 m2, �0.01667.
interquartile range; masl, meters above sea level; SCr,
ents in

L)

ximum

66
01

86
40

92
73

09
95

73
78

86
01

L, �88
; IQR,
ant. In both sexes, obesity was related to de-



c
s
h
k
h
c

f
s
v
l
m
s
i

t
m
c
�
o
U
o
A
n

i
e
h
p
d

M

B

F

S

C

T

�
; masl,

Torres et al490
reased risk of abnormal SCr level, reaching
tatistical significance for only women. Because
ypertension can be both a cause and an effect of
idney damage, we also ran the models without
ypertension, but this did not produce a notable
hange in odds ratios for the remaining variables.

DISCUSSION

A single determination of SCr and a dipstick
or proteinuria in a single spot sample is not
ufficient for the diagnosis of CKD on an indi-
idual basis. However, the finding of high preva-
ences of abnormal SCr levels in specific seg-
ents of the population in a population-based

tudy with extensive coverage is highly worry-

Table 3. Prevalence of No, Low-, and High-Range Protein
and

eGFR
(mL/min/1.73

ining/subsistence farming (200-300 masl)
Men �60

�60
Women �60

�60
anana/sugarcane (100-200 masl)
Men �60

�60
Women �60

�60
ishing (0-100 masl)
Men �60

�60
Women �60

�60
ervices (0-100 masl)
Men �60

�60
Women �60

�60
offee (200-675 masl)
Men �60

�60
Women �60

�60
otal
Men �60

�60
Women �60

�60

Note: Values expressed as number (percentage). Con
0.01667.
Abbreviations: eGFR, estimated glomerular filtration rate
ng. In the banana/sugarcane and mining/subsis- t
ence farming villages, about a quarter of the
en had abnormal SCr values indicative of de-

reased kidney function, and �18% had an eGFR
60 mL/min/1.73 m2. The prevalence of CKD

f such severity in the general population of the
nited States and Europe is �5%,35,36 as were
ur findings in the services and coffee villages.
djustment for known risk factors for CKD did
ot attenuate the overall findings.
The prevalence of decreased kidney function

n male agricultural workers, artisan manufactur-
rs, construction workers, and miners also was
igher than for other workers, with the lowest
revalence in the service sector. The pattern of
ecreased kidney function in women with regard

Category of eGFR for Study Participants by Village Type
ion

No. No Proteinuria

Low-Range
Proteinuria

(30 to <300 mg/dL)

High-Range
Proteinuria

(>300 mg/dL)

135 120 (88.9) 14 (10.4) 1 (0.7)
23 13 (56.5) 6 (26.1) 4 (17.4)

214 190 (88.8) 23 (10.7) 1 (0.5)
10 7 (70.0) 3 (30.0) 0 (0)

128 110 (85.9) 17 (13.3) 1 (0.8)
27 17 (63.0) 7 (25.9) 3 (11.1)

170 144 (84.7) 24 (14.1) 2 (1.2)
6 3 (50.0) 2 (33.3) 1 (16.7)

68 60 (88.2) 8 (11.8) 0 (0)
8 5 (62.5) 3 (37.5) 0 (0)

88 85 (96.6) 3 (3.4) 0 (0)
2 2 (100) 0 (0) 0 (0)

50 42 (84.0) 8 (16.0) 0 (0)
0 0 (0) 0 (0) 0 (0)

90 78 (86.7) 12 (13.3) 0 (0)
0 0 (0) 0 (0) 0 (0)

38 35 (92.1) 3 (7.9) 0 (0)
2 2 (100) 0 (0) 0 (0)

37 35 (94.6) 2 (5.4) 0 (0)
0 0 (0) 0 (0) 0 (0)

419 367 (87.6) 50 (11.9) 2 (0.5)
60 37 (61.7) 16 (26.7) 7 (11.7)

599 532 (88.8) 64 (10.7) 3 (0.5)
18 12 (66.7) 5 (27.8) 1 (5.6)

factor for GFR in in mL/min/1.73 m2 to mL/s/1.73 m2,

meters above sea level.
uria by
Elevat

m2)

version
o occupation was not totally consistent with
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en. However, both male and female agricul-
ural workers at an altitude of 100-300 m above
ea level had increased SCr values, whereas
gricultural workers at a higher altitude did not.
n 2 villages, 1 at sea level and 1 at almost 700 m
bove sea level, there was no increased preva-
ence of increased SCr values.

A cross-sectional survey cannot address causal-
ty. However, this was a first critically needed
xploration of the extent and characteristics of a
evere emerging public health threat in a develop-
ng country. Although based on a convenience
ample of distinct villages, one of the strengths
f this study is that it included the total adult
opulation in each village, together forming a
ather large study population with �1,000 exam-

Figure 2. The prevalence
f serum creatinine levels
reater than the laboratory ref-
rence range (�1.2 mg/dL for
en, �0.9 mg/dL for women)
y age categories and vill-
ge type for (A) men and (B)

omen.
ned participants. The censuses were rigorously
erformed in the participating villages just be-
ore data collection, allowing a complete register
f the adult populations. These characteristics
avor valid and precise comparisons.

Migration to other villages and neighboring
ountries in search of work decreased the partici-
ation rate, especially for men. People who mi-
rate for work tend to be healthier than those
emaining, which could have resulted in an over-
stimation of decreased kidney function preva-
ence. However, because kidney damage often is
symptomatic until advanced stages of disease, it
s not likely that renal function in the absent
igrant workers was very different from our

xamined subset. Moreover, any overestimation
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hould be limited, taking into account that the
verall participation rate was 83%.
One reason for refusing to participate was fear

f job loss in the mining/subsistence farming and

Table 4. Current Occupational Sector of S

Mining/Subsistence
Farming

(200-300 masl)

Banana/
Sugarcane

(100-200 mas

ccupational sector for
men

Primary 61 (38.6) 130 (83.9)
Secondary 60 (38.0) 9 (5.8)
Tertiary 13 (8.2) 12 (7.7)
Economically inactive 24 (15.2) 4 (2.6)

ccupational sector for
women

Primary 0 (0) 17 (9.7)
Secondary 8 (3.6) 6 (3.4)
Tertiary 27 (12.1) 17 (9.7)
Economically inactive 189 (84.4) 136 (77.3)

Note: Values expressed as number (percentage).
Abbreviation: masl, meters above sea level.
a�2 test for differences between villages.

Table 5. Cases of SCr Levels Greater Than Upper L

Sector of Current Occupation Populatio

griculture 236
Mining/subsistence farming village 61
Banana/sugarcane village 128
Fishing village 7
Services village 1
Coffee village 39

ishery 48

ining 43

rtisan manufacturing 7

onstruction 20

ther occupations, secondary sector 15

ertiary sector (services) 74

nemployed 13

n disability benefits 13

ousewives —

tudents 7

Note: Upper limit of laboratory reference range for SCr is

Abbreviation: SCr, serum creatinine.
anana/sugarcane villages, where companies of-
ering temporary jobs systematically exclude
orkers with high SCr values. The latter should

end to diminish the proportion of men with

opulations by Village Type and Elevation

ishing
00 masl)

Services
(0-100 masl)

Coffee
(200-675 masl)

Total
(0-675 masl) Pa

�0.01

(67.1) 4 (8.0) 39 (97.5) 285 (59.5)
(7.9) 15 (30.0) 0 (0) 90 (18.8)
(22.4) 28 (56.0) 1 (2.5) 71 (14.8)
(2.6) 3 (6.0) 0 (0) 33 (6.9)

�0.01

(3.3) 1 (1.1) 4 (10.8) 25 (4.1)
(5.6) 4 (4.4) 0 (0) 23 (3.7)
(16.7) 24 (26.7) 0 (0) 83 (13.5)
(74.4) 61 (67.8) 33 (89.2) 486 (78.8)

Laboratory Reference Range by Current Occupation

n Women

No. (%) Population No. (%)

60 (25.4) 21 4 (19.0)
25 (41.0) — —
32 (25.0) 17 4 (23.5)

0 (0) — —
0 (0) — —
3 (7.5) 4 0 (0)

4 (8.3) 4 0 (0)

6 (14.0) 1 1 (100)

3 (42.9) 21 1 (4.8)

3 (15.0) — —

0 1 0

5 (6.8) 83 4 (4.8)

4 (30.8) 5 0 (0)

3 (23.1) 1 0 (0)

— 472 20 (4.2)

0 8 0 (0)

g/dL (men) and �0.9 mg/dL (women).
tudy P

l)
F

(0-1

51
6

17
2

3
5

15
67
imit of

Me

n

�1.2 m
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ecreased kidney function in miners and agricul-
ural workers employed at banana and sugarcane
lantations. However, such practice could influ-
nce workers with kidney damage to move into
ther occupations, possibly resulting in the high
revalence observed in subsistence farmers, arti-
an manufacturers, and construction workers, as
ell as in workers receiving disability benefits

nd the unemployed. Clearly, the lifetime occupa-
ional history of our participants must be ex-
lored further.
Some of our results are consistent with previ-

us published and unpublished studies from Cen-
ral America,25-28,30 which reported kidney disor-
ers to be more common in men than women,
ore common in agricultural workers than other

ccupations, and frequent in young people. New
ndings in our study were high prevalences of
ecreased kidney function in male artisan manu-
acturers, construction workers, and miners and
emale agricultural workers.

The influence of altitude, as hypothesized ear-
ier in Central America,29,37 is unclear from these
ata. Although agricultural work seemed strongly
elated to decreased kidney function in the vil-
ages at 100-300 m above sea level, it did not

Table 6. Multiple Logistic Regression Models With P
Reference Range in t

Covariable

Men

SCr > Reference
Range No. (%a)

Crude OR
(95% CI)

ypertension 28 (29.5) 2.23 (1.32-3.75)

besity 14 (19.2) 1.06 (0.56-2.01)

rinary tract infections 28 (20.9) 1.25 (0.60-2.07)

se of nonsteroidal
anti-inflammatory drugs

10 (20.8) 1.19 (0.57-2.49)

ge (y)
20-29 18 (8.9) Reference group
30-39 23 (19.7) 2.51 (1.29-4.89)
40-49 26 (25.5) 3.52 (1.82-6.79)
50-60 21 (36.8) 5.99 (2.91-12.36)
All — —

illage type
Fishing/services/coffee 13 (7.8) Reference group
Mining/subsistence farming 41 (25.9) 4.12 (2.11-8.05)
Banana/sugarcane 34 (21.9) 3.31 (1.67-6.54)

Abbreviations: CI, confidence interval; OR, odds ratio; SC
aPercentage of participants in the covariable category.
bAll covariates are adjusted for each other.
cAll covariates are adjusted for each other; age is treated
ppear so in the coffee village at a higher alti- t
ude. This agrees with a study from El Salvador
hat did not observe increased kidney disorders
measured using proteinuria) in men in a coffee
illage at about the same altitude, whereas a high
revalence of proteinuria was observed in men in
sugarcane village at sea level.37 In our study,

here was no indication of an increased presence
f decreased kidney function in the services
illage at sea level. Thus, low altitude does not
eem to be a risk factor in itself.

Proteinuria and in particular high-range pro-
einuria occurred in a minority of individuals
ith a low eGFR. This suggests that proteinuria

n the examined populations, in contrast to most
ndogenous renal diseases (such as chronic glo-
erulonephritis and diabetic nephropathy), is a

econdary effect from kidney damage, rather
han a starting point. It should be kept in mind
hat a positive result from a paper stick, as used,
s a sensitive marker of albuminuria, but not
ubular proteins, such as �2-microglobulin, which
ypically are increased in urine in interstitial
idney disorders. Thus, tubulointerstitial kidney
isease may be the cause of the CKD. More
etailed analysis of urinary proteins in future
tudies may be helpful in elucidating the cause of

rs of SCr Values Greater Than the Upper Limit of the
led Study Population

Women

tedb OR
% CI)

SCr > Reference
Range No. (%a)

Crude OR
(95% CI)

Adjustedc OR
(95% CI)

.07-3.37) 12 (8.3) 2.27 (1.06-4.82) 1.47 (0.62-3.45)

.35-1.47) 5 (2.6) 0.41 (0.16-1.10) 0.29 (0.10-0.79)

.72-2.12) 14 (4.8) 0.98 (0.47-2.04) 0.72 (0.33-1.59)

.28-1.50) 11 (10.0) 2.85 (1.32-6.18) 1.91 (0.78-4.67)

6 (2.6) — —
.29-5.10) 8 (4.4)
.01-8.22) 5 (4.1)
.26-15.70) 11 (13.9)
— 30 (4.9) 1.06 (1.03-1.10) 1.05 (1.01-1.09)

5 (2.3) Reference group
.09-8.45) 15 (6.7) 3.04 (1.09-8.52) 3.48 (1.20-10.06)
.67-6.91) 10 (5.7) 2.55 (0.86-7.61) 2.42 (0.79-7.44)

m creatinine.

ear variable.
redicto
he Poo

Adjus
(95

1.90 (1

0.71 (0

1.24 (0

0.65 (0

2.56 (1
4.06 (2
7.16 (3

4.20 (2
3.39 (1

r, seru
he endemic kidney impairment.
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With regard to conventional risk factors for
KD, it seems unlikely that misclassification, for
xample, because of participants not reporting
ypertension or diabetes, explains their low pre-
ictive value for decreased kidney function.
eople have good accessibility to the health
ystem at the village level and in general were
ware of common chronic diseases because of a
ountrywide control program. Most drugs in
icaragua can be bought over the counter and
any ailments often are self-diagnosed and self-

reated. We included in the models the use of
SAIDs, restricting the definition to �7 consecu-

ive days during the last year combined with a
elf-reported history of chronic joint pain (re-
erred to as “arthritis” by the Nicaraguan popula-
ion), which we believe is the definition that will
ause the least misclassification. It is unlikely
hat omission of other nephrotoxic drugs affected
he results because they cause acute rather than
hronic kidney disease. Phenacitin is the excep-
ion. This compound was used in Central Amer-
ca until 2002. Although we were unable to
larify the frequency of its use in Nicaragua,
here are no reasons to believe that use differed
etween villages. The prevalence of self-
eported medically treated urinary tract infec-
ions appeared high, but was not significantly
ssociated with decreased kidney function in
ultivariate analyses.
In summary, this study provides new evidence

egarding kidney disorder as a true public health
hreat in Nicaragua. The nature of the renal
isease needs to be clarified. The low prevalence
f proteinuria hints to an interstitial, not a glomer-
lar, origin; however, our present data are not
ufficient for far-reaching conclusions. Clearly,
he absence of strong relations between de-
reased kidney function and conventional risk
actors makes it necessary to look for new associ-
ted factors. Heavy workload in a hot climate
eading to chronic dehydration has emerged as
ne hypothesis.25 The impact of tropical tempera-
ures on kidney function of workers in different
roduction systems at different altitudes has not
een studied. Other causal hypotheses can be
hought of. Almost nothing is known about envi-
onmental pollutants in drinking water in the
rea (ie, heavy metals and pesticides), and possi-
ly people who work under the hardest condi-

ions sweat more and hence consume more wa- k
er. Although we cannot pinpoint a specific factor,
ur findings strongly indicate that some of the
xamined populations, in particular men in some
illages, are exposed to an unknown environmen-
al or occupational hazard that makes them prone
o kidney damage. For poor people in Nicaragua,
his is disastrous because severe CKD often
rogresses to end-stage renal disease, and renal
eplacement therapy is only marginally avail-
ble. In addition, decreased GFR is not merely a
isk factor for end-stage renal disease, but also
ncreases the risk of cardiovascular morbidity
nd mortality.36,38 Considering the seriousness
f CKD, far-reaching analytical studies to clarify
he nature of the disease and causal factors are
rgently needed to understand which preventive
easures can be taken.
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