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Acronyms 

BQSCHC Brookline-Quezalguaque Sister City Health Committee

CISTA  Centro de Investigación en Salud, Trabajo y Ambiente

CKD   Chronic Kidney Disease

CRI   Chronic Renal Insufficiency (synonym for CKD)

eGFR   Estimated Glomerular Filtration Rate, a standard measure of kidney function

IRB   Institutional Review Board

MINSA  Ministeria de Salud Nicaragüense (Nicaraguan Ministry of Health)

NHANES  National Health and Nutrition Examination Survey

UNAN  Universidad Nacional Autónoma de Nicaragua 
 
 
 
 
 

 

EXECUTIVE SUMMARY

Chronic kidney disease (CKD), also known as chronic renal insufficiency (CRI), is a well-known public health concern in the municipality of Quezalguaque, which is situated within Nicaragua’s Department of Leon. CKD is also known to affect other communities along the Pacific coast of Central America, both in Nicaragua and in El Salvador. Moderate and severe CKD generally progress to kidney failure, which is fatal without dialysis or kidney transplant.  Currently neither treatment is available to the great majority of the population in Nicaragua.  The major risk factors associated with developing this disease are unknown.  As the causes of the disease may be preventable, research has the potential to save many lives. 

During June and July 2008 members of the Brookline-Quezalguaque Sister City Health Committee (BQSCHC), together with local Nicaraguan Ministry of Health professionals and volunteers, carried out a study on CKD.  The purpose of the study was to estimate the prevalence of CKD in the municipality of Quezalguaque and assess briefly some of the potential causes of the disease.  The study was authorized by the Ministry of Health of Nicaragua (through an extension of the already approved UNAN- Centro de Investigación en Salud, Trabajo y Ambiente or CISTA research protocol) and the Institutional Review Board of the Universidad Nacional Autónoma de Nicaragua (UNAN). The regional office of the MINSA (SILAIS-Leon) was also aware of the study and supportive. This work built upon similar studies carried out by CISTA, Medical Sciences Department, UNAN-Leon. With assistance from the municipal authorities of Quezalguaque, the study enrolled a random sample of adults age 18 and older in the municipality (n=771). In a subgroup of participants the group completed a more detailed study which included taking blood and urine samples, measuring other biological data, and completing a questionnaire (n=275).

This document reports results from the final analysis of our data, in addition to providing updated background information and recommendations for future investigation.  In summary, 20% percent of males and 8% of females in the sample had signs of significant CKD (stages 3-5). Late-stage CKD (stage 4 and 5) was found in twenty-seven of the 298 males (9%) and four of the 473 females (0.9%).

In addition to adding to the available research on the disease, members of the study team have been involved in a number of related efforts.  Details may be found below in the section on "Next Steps."  Briefly, members of BQSCHC were among those chosen by the World Bank to gather all available information and make recommendations for further study on CKD in Nicaragua, specifically as related to a population of sugar cane workers in nearby Chichigalpa.  Preliminary results from the Quezalgauque study were also used to offer MINSA and SILAIS-Leon a suggested treatment protocol for hypertension in regions affected by CKD.  Finally, BQSCHC has drafted a proposal for an intervention aimed at delaying mortality from CKD by screening for and treating hypertension.  This work could be performed during June and July 2010 if the health and municipal authorities in Quezalgauque agree with the details of the proposal and choose to endorse the project.

BQSCHC is composed of volunteer health professionals, including doctors and public health experts, who have worked with the municipality of Quezalguaque since 1987.  The group's activities are guided by the community's concerns and most recently have included this study, funding fuel for the local ambulance, funding transport for health workers to one of the municipality’s health posts, providing some funds for needed health supplies and building an extension of the community health center's urgent care center.  This study was embarked upon due to growing concern in the community regarding deaths from CKD. 

 

BACKGROUND  

For more than two decades, multiple reports have described high prevalence of  chronic kidney disease (CKD) in northwestern Nicaragua and coastal El Salvador1-9.  There are several methodological concerns with these reports, but they consistently describe a high prevalence of CKD predominantly among young men1-9.  Risk factors associated with CKD have included agricultural work1-3, 7, 10, 11, pesticide exposure1-4, 6, 9, 11, living at low altitude10, 12-14, alcoholism in general2, 3, 6, 7, 10 and, more specifically, consumption of a local alcoholic beverage known as “Guaro Lija”7, 8.  In addition, Nicaraguan physicians have posited that substantial volume depletion occurring in agricultural workers may be an important contributing factor to the progression of the kidney disease (personal communications with Drs. Felix Zelaya, Mauricio Jarquin and Erwin Reyes, June 2009).  Risk factors for CKD, such as diabetes, hypertension, glomerulonephritis and analgesic use, have not been consistently implicated as likely causes of CKD in this region1-3, 8, 11.    

Despite numerous investigations, there remain large gaps in the data available.  Information about the prevalence of the disease has come either from cross-sectional studies carried out in population subgroups already known to be heavily affected by the disease1, 3, 12-14 or from potentially unreliable death certificate data.  Both of these sources are of questionable validity in providing estimates for the general population.  Furthermore, in assessing risk factors, most of the existing studies also have several important limitations: few have been published in peer-reviewed journals1, 9; many have been limited to specific populations, most notably agricultural workers5,7; some have relied on questionnaire data from previously diagnosed patients, leading to a high potential for recall bias10; and the majority have also used elevated serum creatinine levels, instead of the estimated glomerular filtration rate (eGFR) as a marker of CKD1, 7, 8, 10.  

To better define the prevalence of and explore risk factors for kidney disease in this region, BQSCHC in conjunction with CISTA, UNAN and the municipal authorities of Quezalguaque carried out a population-based prevalence study in the town of Quezalguaque, Nicaragua, building on previously conducted community-based studies2,3,12-14.  To contextualize disease rates, the prevalence of CKD in Quezalguaque was compared to the prevalence of CKD in the United States based on National Health and Nutrition Examination Survey (NHANES) 1999-2006 data.  Additionally, an embedded case-control study enrolled a subset of participants in order to assess potential risk factors for CKD.  

 

DESCRIPTION OF THE STUDY 

This study was modeled upon community-based studies developed by Dras. Cecilia Torres and Aurora Aragon of CISTA, UNAN-Leon.  Drs. Torres and Aragon, along with Dr. Marvin González, helped the Brookline-Quezalguaque Sister City Health Committee (BQSCHC) adapt their study to match available resources and the challenge of working with the entire municipality of Quezalguaque.  The Ministry of Health and the Institutional Review Board (IRB) of UNAN-Leon reviewed and approved the proposal to extend the protocol of the previously approved UNAN study. The study protocol was also approved by the IRB of Boston University in Boston, MA.  This study differs from the original work of  CISTA UNAN mainly in the statistical sampling technique and the technology used to screen subjects 

Study Goal and objectives

The goal was to estimate the prevalence of CKD by calculating the frequency of the disease in a random population sample of adults. The secondary goal was to assess the characteristics of individuals affected by CKD in order to explore risk factors.  Variables were chosen to be studied based on known causes of kidney damage, prior evidence from the region and hypotheses of local physicians and researchers.   

Type of study

The study was a cross-sectional prevalence study with an embedded case-control study. The prevalence study attempted to measure the frequency of CKD in Quezalguaque based on abnormal estimated glomerular filtration rates (eGFR). The case-control study examined the association of risk factors for CKD in a subset of the total study population, comparing data between those with low eGFR and randomly selected controls. Additionally, this study was designed so that data collected could supplement the information gathered by the UNAN-Leon study of Drs. Torres and Aragon. A diagram of the study design is included in Appendix 2 of this report. The study was carried out during June and July 2008.   

Hypothesis

The hypotheses of the study included: 1) The prevalence of the disease would be higher in males and increase with age; 2) Individuals with known risk factors for CKD such as hypertension and diabetes would have higher rates of CKD; 3) Exposure to an additional unknown risk factor or risk factors would lead higher prevalence of CKD.  We selected possible exposures for the study based upon other known causes of kidney disease, findings in studies from the region, and the suspicions of local physicians & researchers.  The variables studied included elevation of residence, location of residence, water source, pesticide exposure, vocation, blood pressure, diabetes, nephrotoxic medication use, urinary tract infections, blood lead levels, family history and others.

Study Team

Five individuals from BQSCHC—two public health students from Boston University, two public health students from the Harvard School of Public Health (one of whom was a physician), and a medical student from Boston University—worked with Drs. Torres and Aragon of CISTA/UNAN Leon, the Ministry of Health health authorizes in Quezalguaque, local volunteers and local health workers, and collaborated with the Ministry of Health officials at SILAIS-Leon to carry out this study.

 

The team was assisted by other BQSCHC members including doctors, epidemiologists, nephrologists, and other public health specialists. More than 50 people in Nicaragua, Brookline, and Boston contributed to the success of this study. The collaborators are listed at the end of this report (Appendix 1). 

 

 

METHODS   

The prevalence portion of the study evaluated CKD rates in a random sample of adults by age, sex, location of residence and elevation. To do this, the team measured eGFR in a randomly selected sample of residents 18 years of age and older (N=771).  

Next, a case-control study was performed assessing risk factors for CKD.  This portion of the study was carried out in all those with an eGFR < 60 along with randomly selected controls (N=275).  The team evaluated blood pressure, blood glucose, blood lead, urine samples, and, using a questionnaire, socio-cultural, occupational, and environmental factors.  

The team collaborated with the mayor's office of Quezalguaque, the Ministry of Health community health center and health posts, and other community organizations and town leaders to adequately communicate the goals of the study, answer questions, and achieve sufficient participation.    

Study population and recruitment of subjects   

Preparation: The two weeks prior to initiating the study (June 21st—July 4th, 2008), were spent in preparation on site in Quezalguaque. Preparation by the research team included coordinating with CISTA-UNAN Leon, further discussing the study with the municipal authorities and local leaders, finalizing,the survey instrument , recruiting local research assistants, training the research assistants, promoting the study and contacting communities throughout the municipality in advance. In addition, meetings were held with numerous local groups including the MINSA SILAIS office in Leon and MINSA in Managua   

Screening and Statistical Power: Households were selected randomly to be screened from the 2007 census listing, which contains all individuals in the municipality of Quezalguaque. There were a total of 5,749 adults listed in 2,231 families, living in 1,882 households, with an average of 3.1 adults per household. We calculated that, with 100 cases and a 1:3 case to control ratio, assuming an exposure prevalence of at least 10%, we could detect odds ratios for the associations between variables and CKD as small as 2.5, at an alpha level of 0.05 and with 80% power. Assuming the prevalence of CKD in Quezalguaque was roughly 10%, we needed to screen 1,000 individuals to find 100 cases – by screening 350 families with an average of 3.1 individuals each we would achieve this sample.  Due to resource limitations, we altered our plans and screened 771 individuals in 303 families and encountered 98 cases, falling slightly short of this projection. 

Study Procedure: All adults over the age of 18 in the selected families were screened for CKD as part of the prevalence study.  The study was explained orally along with risks and benefits; individuals who chose to participate signed a consent form.  Members of the population were excluded if they were not capable of consenting (N=3).  For screening, each individual was weighed and given a finger stick to calculate the eGFR (see details below). A case, for purposes of this study, was defined as a person with eGFR <60 ml/min on this fingerstick (N=771).  

Control selection was random and designed to oversample males in a 2:1 ratio.  The names of each household member were solicited; one random number was assigned to each female and two random numbers were assigned to each male.  The family member with the highest assigned random number was designated the control.  Males therefore had twice the chance of being selected.  The controls, as well as all individuals with a calculated GFR <60 ml/min, were enrolled in the embedded case-control study. This portion of the study consisted of answering a structured questionnaire, a urinalysis, blood pressure, blood glucose, and blood lead (N=275).   

Data collection   

Trained research assistants collected all data and samples from participants.  To obtain the blood samples for screening, lancets were used to perform finger sticks. A droplet of blood from each participant was placed on a serum creatinine test strip, donated by Nova Biomedical of Waltham, MA. This test strip was used with a Stat Sensor handheld creatinine testing device, also donated by Nova. The device measured creatinine levels in the drop of blood; values entered for the participant’s age and sex allowed the device to then calculate eGFR.  

From the cases and selected controls additional samples were taken. Glucose was tested using the same techniques as the creatinine testing: a droplet of blood obtained by finger stick was placed on a glucose test strip and tested using a Stat Sensor handheld glucose testing device (test strips and sensor donated by Nova). A few drops of blood from this finger stick were also captured in capillary tubes and later tested in the laboratory for lead. Urine samples were obtained, collected in sterile plastic urine containers and immediately tested in the field using urine dipsticks. Arterial blood pressure was taken with digital or manual sphygmomanometers. Venous blood samples were drawn from a sub-sample of participants (100 samples).  Two 10ml vacutainers were filled, for a total sample of 20ml of blood. One vacutainer was sent to Nova Biomedical in Waltham, where a quality-check on the creatinine sensors was performed by measuring creatinine manually in the laboratory (See Quality Control Section).  The other vacutainer went to the laboratory in Nicaragua, where serum creatinine was measured again, as an additional check on the validity of the handheld devices. Study IDs were used instead of names to help maintain confidentiality.    

The questionnaire was administered to cases and controls and included questions about age, sex, residential history, personal habits (such as tobacco and alcohol use), occupation history, personal and family medical history, current health status, symptoms present at time of study, water source, and specific occupational and environmental exposures. The questionnaires were administered orally.    
 
 

Quality control  

Testing creatinine values with a whole blood sample from a fingerstick is a novel method which was well-suited to the needs of this study.  Further steps were taken to confirm the validity of this assay.  One sample of venous blood was drawn from 100 individuals for a direct comparison between the creatinine value calculated by the handheld device and a standardized assay.  Part of this sample was tested in the laboratory in Quezalguaque while the other part was shipped to Nova in Waltham for testing with a stardadized assay.  A team including staff at Nova and a nephrologist with expertise in creatinine assays reviewed the results and decided upon an appropriate calibration for the devices.  

Communication of Out-of-Range Results  

During the study, the study team confidentially alerted the Quezalguaque health center of individuals who screened positive for CKD (GFR <60), diabetes, hypertension or urinary tract infection. Included in these alerts were the individuals' names, places of residence and values of all relevant tests. The health center agreed to follow up as necessary.

 

4. ANALYSES AND RESULTS

Using the census data households were selected randomly from 22 communities proportional to their population. From the 303 households sampled 771 adults were enrolled.  Three individuals were not enrolled as they were unable to consent (two were intoxicated; one had developmental delay).  The representation from different communities is listed in table 1. 

	Table 1: Participation by Community


	Community

	Households 

Participating

	Individuals 

Participating


	Boquerón  

Casco Urbano

Ceiba Chachagua

Cristo Rey

La Estación

Los Ángeles

Las Mercedes

Las Merceditas

Nueva Jerusalem

Nueva Soledad

Paciente I

Paciente II

Paso Benito

Los Portillos

Porvenir 

El Pozo

Puntarenas

Los Remedios

San Agustín

Santa Rosa

Soledad Vieja

Veronica Lacayo

	15 

31

14

41

20

4

43

14

9

6

2

2

5

15

14

5

28

16

6

5

3

5

	42 

87

39

93

50

10

123

31

22

11

7

5

15

32

32

10

73

38

11

16

5

19


	Total

	303

	771



	


 

Definition of CKD

For reference, listed below are the stages of CKD (Table 2).  Stage 1 CKD is normal estimated glomerular filtration rate (eGFR >89) with documented kidney disease.  End-stage CKD is defined as stages 4 and 5 (GFR <30).  Our study used eGFR <60 (stages 3-5) as a marker of significant CKD.  In this report, unless specifically stated, “CKD” refers to CKD stages 3, 4 and 5. 

	Table 2. Stages of Chronic Kidney Disease (CKD) 


	eGFR (estimated GFR) 

	Stage 

	Kidney Function


	90+

	1 

	Normal function


	60-89

	2

	Mildly reduced


	30-59

	3

	Moderately reduced


	15-29

	4

	Severely reduced


	<15

	5

	Very severe



	


  

 

Prevalence Study: 

Overall, 39% of the participants were males and 86% of the population was younger than 60 years of age.  Other characteristics of the study group are described in Table 3. 

In the sample of 771 adults, 98 (15%) had an eGFR <60, corresponding to CKD stage 3 or higher.  20% of men and 8% of women had CKD. The proportion of the population with GFR <60 increased with age.  Fewer individuals with CKD resided at higher elevations compared to those without CKD (11% vs. 27%).  Further characteristics are listed in Table 4.

	Table 4. Participant characteristics by eGFR

	Variable
	eGFR <60 

n=98 (13%)
	eGFR >60 

n=673 (87%)
	Total 

n=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 ± 15.8
	101.0 ± 25.5
	93.1 ± 32.1
	<0.001

	Age (years)
	55.0 ± 16.7
	36.1 ± 14.4
	38.5 ± 16.0
	<0.001

	Age Group 

18-30 years

31-41 years

42-56 years

57+ years
	 
7.1% (7) 

15.3% (15) 

27.6% (27)

50.0% (49) 
	 
40.3% (271) 

28.2% (190)

20.7% (139)

10.9% (73)
	 
36.1% (278) 

26.6% (205) 

21.5% (166) 

15.8% (122) 
	<0.001

	BMI (kg/m2)
	26.2 ± 5.0
	26.8 ± 5.6
	26.8 ± 5.5
	0.33

	BMI 

<20 kg/m2

20-24.9 kg/m2

25-29.9 kg/m2

30+ kg/m2
	 
7.3% (7) 

41.7% (40) 

26.0% (25) 

25.0% (24) 
	 
7.5% (50) 

34.0% (228)

34.5% (231)

24.0% (161)
	 
7.4% (57) 

35.0% (268) 

33.4% (256) 

24.2% (185) 
	0.36

	Elevation 

<500 meters

>500 meters
	 
88.7% (86) 

11.3% (11) 
	 
79.3% (532) 

20.7% (139)
	 
80.5% (618) 

19.5% (150) 
	0.04


	Table 3. Participant characteristics by gender – overall 


	Variable 

(n (%) unless noted)

	Total population 

(n=771)

	Males 

(n=298)

	Females 

(n=473)


	Gender

	 

	298 (39%)

	473 (61%)


	Age (median, (range))   

<39 years  

40-59 years 

60-69 years 

70+ years

	35 (18-87) 

458 (59%)

212 (27%)

63 (8.2%)

38 (4.9%)

	37 (18-82) 

164 (55%)

91 (31%)

26 (8.7%)

17 (5.7%)

	35 (18-87) 

294 (62%)

121 (26%)

37 (7.8%)

21 (4.4%)


	Height, inches (mean (SD))

	63.6 (3.5) 

	66.4 (2.8)

	61.8 (2.7)


	Weight, kg (mean (SD))

	69.7 (14.4)

	72.8 (14.2)

	67.7 (14.1)


	Elevation (mean (SD))   

<500 

500+

	443.2 (178.4) 

621

150

	458.9 (194.4) 

225 (36%)

72 (47%)

	433.3 (167.0) 

393 (63%)

78 (51%)


	BMI (mean (SD))   

<30 

30+

	26.7 (5.5) 

581 (75%)

185 (24%)

	25.5 (4.8) 

247 (83%)

49 (16%)

	27.5 (5.8) 

334 (71%)

136 (29%)


	GFR (mean (SD))

	89.2 (34.6)

	83.8 (40.0)

	91.8 (30.5)



	


  

 

Table 5 and Figures 1a-1c compare the rates of CKD by sex and age group with the US rates. The US rates are based on the National Health and Nutrition Examination Survey (NHANES) for the adult population. NHANES is a periodic health examination survey conducted by the National Center for Health Statistics based on a representative sample of the non-institutionalized US population. 

Figures 1a-1c

1a: overall; 1b: men; 1c: women
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	Table 5. Comparison Between CKD rates in US (NHANES) and this study (%)


	 

	 

	Quezalguaque

	US


	Age

	GFR Category

	 

	 

	 

	 

	 

	 


	 

	 

	Overall

	Men

	Women

	Overall

	Men

	Women


	Overall

	GFR 60+

	87 %

	80 %

	92 %

	93.1 %

	94.4 %

	91.8 %


	 

	Stage 3 (GFR 30-59)

	8.7

	11

	7.2

	6.5

	5.1

	7.7


	 

	Stage 4 & 5 (GFR<30)

	4

	9.1

	0.85

	0.48

	0.46

	0.51


	 

	 

	 

	 

	 

	 

	 

	 


	 

	 

	 

	 

	 

	 

	 

	 


	18-30

	GFR 60+

	97

	97

	98

	99.8

	99.7

	99.9


	 

	Stage 3 (GFR 30-59)

	2.2

	2

	2.2

	0.1

	0.2

	0.07


	 

	Stage 4 & 5 (GFR<30)

	0.36

	1

	0

	0.08

	0.12

	0.041


	 

	 

	 

	 

	 

	 

	 

	 


	 

	 

	 

	 

	 

	 

	 

	 


	31-41

	GFR 60+

	93

	87

	97

	99.2

	99.2

	99.2


	 

	Stage 3 (GFR 30-59)

	5.4

	8.5

	3.3

	0.69

	0.7

	0.7


	 

	Stage 4 & 5 (GFR<30)

	2

	4.9

	0

	0.1

	0.063

	0.14


	 

	 

	 

	 

	 

	 

	 

	 


	 

	 

	 

	 

	 

	 

	 

	 


	42-56

	GFR 60+

	84

	72

	91

	96.49

	97.3

	95.7


	 

	Stage 3 (GFR 30-59)

	10

	15

	6.9

	3.33

	2.5

	4.1


	 

	Stage 4 & 5 (GFR<30)

	6

	12

	2

	0.18

	0.22

	0.14


	 

	 

	 

	 

	 

	 

	 

	 


	 

	 

	 

	 

	 

	 

	 

	 


	57+ 

	GFR 60+

	60

	47

	70

	77.76

	81.0

	75.2


	 

	Stage 3 (GFR 30-59)

	27

	26

	28

	20.72

	17.5

	23.3


	 

	Stage 4 & 5 (GFR<30)

	13

	26

	2.9

	1.52

	1.5

	1.6



	


 
 
 
 

Case-Control Study:

Due to the method of control selection, there is a higher proportion of male controls (49%) than the overall male participation rate (39%).  Analysis of further variables, with sex and age group control, is listed below.  Significant associations were noted with residence at low elevation (p<0.05) work in the cotton industry (p=0.01), illiteracy (p=0.003), less education (p=0.01), and proteinuria (p=0.001).  Hypertension and diabetes were non-significantly associated (p=0.12 and p=0.67, respectively).  Hypertension, a possible cause and frequent result of CKD was present in 45% of cases.  Proteinuria was present in 50% of cases.  This and other data is recorded below in Table 5.

 
 
 
 
 
 

Table 5. Case-Control Study

	Variable 
	Cases 

N=98 (26.3%)
	Controls 

N=275 (73.7%)
	P-value
	Odds Ratio (Age and Sex adjusted)

	Men
	60 (61%)
	136 (49%)
	0.06
	 

	Age, years (mean (SD)) 
	55.0 ± 16.7
	40.0 ± 16.2 
	<0.001
	 

	Age group                           <30 

30-41

42-56

57+
	7 (7) 

15 (15)

28 (27)

50 (49)
	29 (81) 

30 (83)

24 (65)

417 (46)
	<0.001
	 

	Diabetes
	 
	 
	 
	 

	Elevated serum glucose 
	6 (6) 
	4 (12) 
	0.67 
	0.69 (0.24, 1.98) 

	History diabetes
	7 (7)
	4 (10)
	0.25
	0.89 (0.32, 2.51)

	Hypertension
	 
	 
	 
	 

	Elevated blood pressure
	45 (44)
	33 (92)
	0.12
	1.35 (0.81, 2.25) 

	History of Hypertension 
	35 (34)
	25 (68)
	0.08
	1.28 (0.71, 2.31)

	Elevation (mean (SD)) 

  <500m above sea level

  500+m above sea level
	393 ± 141 

86 (88%)

12 (12%)
	451 ± 188 

79 (216)

21 (59)
	0.002 

0.07
	 
REF 

0.46 (0.21, 0.99)

	Agricultural job any time 

  0 years

  0 - <5 years

  5-20 years

  20+ years
	81 (83%)  

8.2 (8)

24 (24)

37 (36)
	77 (213)  

13 (35)

25 (68)

23 (62)
	0.35  

0.30

0.96

0.01
	0.99 (0.43, 2.28) 

REF

1.00 (0.40, 2.51)

1.39 (0.68, 2.86)

1.33 (0.60, 2.96)

	Any pesticide exposure 

  “Mix/apply”
	77 (75) 

48 (47)
	66 (181) 

138 (105)
	0.07 

0.12
	1.91 (0.93, 3.93) 

1.25 (0.65, 2.41)

	Cotton work 

Sugarcane work
	79 (77) 

33 (33)
	63 (173) 

29 (81)
	0.01 

0.64
	1.10 (0.46, 2.65) 

0.90 (0.25, 3.17)

	Ever drinker  

  Lija drinker now
	62 (61) 

29 (28)
	51 (141) 

18 (49)
	0.08 

0.03
	1.81 (0.79, 4.12) 

1.66 (0.78, 3.53)

	Live near field
	51 (50)
	54 (148)
	0.72
	0.98 (0.58, 1.66)

	Literacy (read AND/OR write) 

Went to school

School years 

  <3 yrs

  3-<5 yrs

  5+ yrs
	67 (66) 

72 (71)

 

23 (23)

19 (19)

20 (20)
	83 (227) 

84 (232)

 

15 (41)

17 (48)

52 (143)
	0.003 

0.01

 

0.08

0.78

0.0002
	0.61 (0.31, 1.20)  
 

REF

1.12 (0.39, 3.67)

0.63 (0.22, 1.78)

	Sweat at work 

<1 hour

1-2 hours

3+ hours
	 
51 (50) 

15 (15)

30 (29)
	 
43 (117) 

21 (57)

36 (98)
	 
0.18 

0.31

0.34
	 
REF 

0.68 (0.34, 1.38)

0.71 (0.37, 1.35)

	Total liquid consumed 

<9 cups

9+ cups
	 
34 (33) 

62 (61)
	 
47 (129) 

51 (139)
	 
0.03 

0.06
	 
0.67 (0.38, 1.17) 

REF

	Needs to drink a lot at work
	65 (64)
	61 (168)
	0.54
	1.84 (0.95, 3.59)

	Water source 

  Well

  Piped 

  Other
	 
41 (40) 

52 (51)

4 (4)
	 
37 (101) 

61 (167)

2 (5)
	 
0.55 

0.17

0.38
	 
1.39 (0.82, 2.36) 

REF

1.58 (0.32, 7.75)

	 
NSAID Use 

Antibiotic Use
	 
45.7%) 

16 (17.0%)
	 
119 (44.2%) 

46 (17.1%)
	 
0.80 

0.99
	 
1.25 (0.74, 2.11) 

0.96 (0.49, 1.88)

	Proteinuria 

  None

  Trace

  1+

  ≥2+
	 
49 (52.1%) 

19 (20.2%)

6 (6.4%)

20 (21.3%)
	 
206 (76.0%) 

46 (17.0%)

6 (2.2%)

13 (4.8%)
	 
<0.001 
	3.62 (1.77, 7.40)

	Hematuria 

  None

  Trace

  1+

  ≥2+
	 
55 (59.1%) 

16 (17.2%)

4 (4.3%)

18 (19.4%)
	 
186 (68.6%) 

36 (13.3%)

5 (1.9%)

44 (16.2%)
	 
 
0.31
	1.31 (0.70, 2.44)


 
 
 

One finding not reported concerns current lead exposure.  Two men of the 275 individuals studied had blood lead levels between 20 and 40 ug/dL.  Neither had evidence of renal damage.  

 

 

5.  DISCUSSION

At this point the cause of the epidemic of CKD in Quezalguaque remains unknown.  Conclusions of this study include:

1. Quezalguaque has a high rate of Chronic Kidney Disease (CKD) relative to other areas around the world.  This applies to adults in most age groups, but is most notable in young adults and the middle-aged.

2. In Quezalguaque men have a higher rate of CKD than women.

3. High blood pressure and diabetes, the commonnest causes of CKD in most of the world, do not account for many cases of CKD in Quezalguaque.

4. This study provided no evidence that drinking water contamination causes CKD.  There have been previous tests of the water in Quezalguaque which have not shown increased heavy metals or significantly high amounts of pesticides or herbicides which may damage the kidneys 

5. People living at higher altitudes have lower rates of CKD.  This finding remains unexplained and may be due to numerous factors relating to differences between individuals living at low and high altitude.

6. Little to no proteinuria was found in the study population, including those with significant CKD.  This is unlike many better-known causes of CKD such as diabetes, which tend to cause high levels of protein in the urine.  This finding may indicate that, anatomically, damage is occurring in the kidney tubules and interstitium rather than in the glomerulus.  This is a general finding and does not point to a cause, but is helpful in characterizing the disease. 

7. Current lead exposure appears not to be an important cause of CKD in Quezalguaque.  All cases and controls were tested for lead and only two men had elevated lead levels. Neither man had CKD. However, past lead exposure as a cause of CKD is not ruled out by this blood test. 

 

This study, although not yet published, has provided important information to other investigators and their ongoing work.  Although the cause or causes of the epidemic remain unknown, this study has helped provide momentum toward that goal.  The section that follows describes a number of the recent, current and future efforts which are directly connected to this study.  Also, an appendix (annex 3) is included which lists hypotheses generated by a separate group, highlighting the continued uncertainty as to the cause or causes of CKD.

 

Ongoing Work

Efforts to better understand and treat CKD in Quezalguaque continue.  Rather than describe all work that has gone on since July 2008, the following is a list of projects that are directly related to this study’s effort in Quezalguaque.

 

1.  In December 2008, a team travelled to Quezalguaque to present a preliminary version of this report.   In addition to presenting the preliminary findings,  they provided a recommendation for screening and treatment for regions with high rates of CKD.  This document was presented to MINSA and the local authorities in Quezalguaque.  The recommendations were to improve blood pressure control, which contributes to deterioration of renal function.  The recommendations included:

· All members of population with high rates of CKD should be screened for hypertension

· All members of the population with hypertension (systolic blood pressure >140 or diastolic blood pressure >90 on repeat measurements) should be treated.

· Urinalysis could be considered for all members of the population.  For those displaying proteinuria, it could be considered to decrease the threshold for treatment of blood pressures to systolic blood pressures of >130 or diastolic blood pressures >80 on repeat measurements.

 

2. The BQSCHC is in the early stages of planning an effort which could take place in June-July 2010 if municipal and health authorities of Quezalguaque decide it is an appropriate intervention .  The goal would be to educate the community about kidney disease and hypertension, and screen the population for hypertension.  High blood pressure is a known risk factor for CKD and also leads to faster progression of the disease.  Treatment of hypertension would not prevent most CKD and would not cure the disease, but it could prolong many lives.  

 

3. BQSCHC is currently in the final stages of preparing a paper based on the study presented in this report. This paper will contain the same information as this report but be formatted for submission to a peer-reviewed journal.  Most importantly, this will lend further credibility to the work carried out in Quezalguaque and the continuing tragedy of CKD.  To date, only two papers, both from El Salvador, have been published on CKD in the region.  

 

4.  BQSCHC will continue to communicate with CISTA-UNAN, colleagues from BQSCHC working on a study conducted in Chinandega with funding from the World Bank, MINSA and SILAIS-Leon.  And of course, the group’s actions will remain entirely based upon the concerns and wishes of the Quezalguaque community.  The next steps to take will be discussed with the researchers from CISTA at UNAN-Leon and with authorities at the Ministry of Health and Quezalguaque.
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Annex 2. Study Design
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Annex 3. List of Hypotheses Generated for CKD, per World Bank effort

Theories of Causation

Individual Risk Factors

· Hypertension

· Diabetes

· Urinary Tract Infections

· Dehydration

· Polycystic Kidney Disease 

· Medicine—NSAIDs or nephrotoxic antibiotics

· Glomerulonephritis

· Toxin in guaro lija

· Genetic predisposition

Community and Environmental Risk Factors

· Infection from an Insect Vector

· Community water contamination (pesticides, chemicals, heavy metals)

· Dehydration

· Plant—clemantis

· Volcanic activity: arsenic, uranium

Occupational Risk Factors

· Agriculture in general

· Sugar production, general

· Pesticide or herbicide exposure

· Dehydration

 

Annex 4. Study Time Line

  

 

Preparation for Quezalguaque Study…………………….. January-June 2008

Discussion of plans in Quezalguaque…………………….    March 2008

Training in US………………………………………….... June 2008

Preparation and training in Nicaragua………………….... June 21-July 4 2008

Field Study……………………………………………….. July 5-August 4 2008

Re-entry of data…………………………………………... August-September 2008

Preliminary analysis……………………………………… September 2008-present

Visit to Nicaragua with preliminary findings……………. December 8-11 2008

Final validation of laboratory values……………………... February 2009

Multivariate analysis…………………………………….... February 2009

Scholarly Paper Preparation………………….…………… February 2009-present

Final Report to Nicaragua………………………………… December 2009

Hypertension Screening Proposed………………………... June-July 2010

