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ABSTRACT
INTRODUCTION Chronic kidney disease has reached epidemic lev-
els in several Central American countries since the early years of this 
century. In El Salvador, it is the second cause of death in men, the fi fth 
in persons over 18 years old and the third cause of hospital deaths in 
the adult population. Its features, especially those of a subtype unas-
sociated with traditional risk factors such as diabetes and high blood 
pressure, are only partially understood.

OBJECTIVE Estimate the magnitude of chronic kidney disease in the 
adult population of El Salvador, considering both prevalence of the 
disease in its diverse forms as well as presence of potential risk fac-
tors nationally and in major subpopulations. 

METHODS A descriptive, cross-sectional analysis was conducted 
on data obtained from the Survey of Chronic Non-communicable 
Diseases in Adults in El Salvador, completed in 2015. The original 
data (interviews and measurements) were collected between October 
2014 and March 2015 from 4817 adults employing a two-stage proba-
bilistic cluster sample, with stratifi cation of primary sampling units. Our 
analysis, using 20 of the 118 primary variables included in the original 
survey, focused on point estimation of prevalence rates and means, 
related to both traditional biological risk factors and nontraditional 
ones, such as insuffi cient hydration, strenuous working conditions 
and exposure to toxic agents. A separate analysis was performed to 
estimate prevalence of chronic kidney disease from nontraditional 

causes. Corresponding confi dence intervals were calculated with 
proper weighting.

RESULTS The general prevalence of chronic kidney disease in El 
Salvador was 12.8% (men 18.0%; women 8.7%). Of the chronically ill 
kidney patients, 13.1% were between 20 and 40 years of age. Among 
biological risk factors, the most frequent was high blood pressure 
(37.0%). Among nontraditional risk factors, high levels of sugary drink 
consumption (81.0%), insuffi cient hydration (65.9%) and high levels 
of exposure to agrochemicals in the work environment (12.6%) were 
also observed. Prevalence of chronic kidney disease from nontradi-
tional causes was 3.9% (men 6.1%; women 2.2%).

CONCLUSIONS Chronic kidney disease has reached epidemic pro-
portions in El Salvador. The data confi rm a health tragedy that, al-
though especially striking older men, also takes a severe toll on young 
men and women. The results confi rm fi ndings of previous research in 
several Salvadoran agricultural communities. The relatively high level 
of population exposure to agrochemicals is important and alarming, 
especially in rural areas, meriting health-impact studies that include 
and go beyond possible impact on chronic kidney disease.

KEYWORDS Kidney, renal insuffi ciency, chronic, risk factors, epidem-
ics, El Salvador

INTRODUCTION
According to a 2018 report, the crude global prevalence of chronic 
kidney disease (CKD) rose by 87% between 1990 and 2016 and 
mortality from this cause doubled. In 2016, CKD was eleventh on 
the list of leading global causes of death.[1]

Non-communicable diseases have become the main causes of 
premature and preventable death in the Americas.[2] CKD is one 
of the most important, involving irreversible damage to kidney 
function and thus representing a serious health problem. Once 
established, the disease tends to progress to chronic kidney fail-
ure (CKF) or end-stage renal disease, requiring expensive renal 
replacement therapies (dialysis) or organ transplantation.[3] In 
the absence of such interventions, death is inevitable.[4]

Following a 2002 report on CKD in El Salvador,[5] various pub-
lications have described the emergence of a CKD epidemic in 
Central America starting early in this century.[6‒9] It is estimated 

that the disease has caused at least 20,000 premature deaths in 
men across the region.[9] PAHO notes that between 1997 and 
2013 in Central America more than 60,000 deaths were due to 
kidney problems (KDN18 according to the International Statistical 
Classifi cation of Diseases and Health Related Problems, Tenth 
Edition, ICD-10).[10] Of those deaths, 41.0% corresponded to 
persons aged ≤60 years.[11]

These values are extremely high in the context of the Americas.
[11] Although El Salvador and Nicaragua have the highest mortality 
rates (47.4 and 33.7 per 100,000 population, respectively), the situ-
ation is also alarming in areas of Guatemala, Honduras and Costa 
Rica.[12] According to a study carried out under PAHO auspic-
es,[13] the greatest contrast in mortality rates for 1997–2003 is be-
tween El Salvador (47.4 per 100,000) and Cuba (2.7 per 100,000).

Epidemiological knowledge of CKD is fragmentary. It is a serious 
health problem in El Salvador, where CKD is the second cause of 
death in men and the fi fth in persons aged >18 years. The CKD 
death rate increased by 153% between 1997 and 2012.[14] In its 
annual report for 2012–2013, the Salvadoran Ministry of Health 
(MINSAL) declared CKD as the third leading cause of hospital 
deaths in the adult population: the fi rst for men and the fi fth for 
women, with a fatality rate of 12.6%.[14]

For over a decade, a severe and premature form of CKD has 
reached epidemic proportions in Central America’s agricultural com-

IMPORTANCE For the fi rst time by means of a national 
probabilistic sample, this analysis reveals a chronic kidney 
disease epidemic of massive and unprecedented propor-
tions in El Salvador.
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munities, especially in Nicaragua and El Salvador.[11,13,15‒18] 
Among other labels, it has been termed “chronic kidney disease of 
nontraditional etiology” (CKDnT),[13] as its causes are unrelated 
to the traditional risk factors for kidney disease––mainly diabetes 
mellitus (DM) and high blood pressure (HBP), but also proteinuria, 
glomerular diseases, systemic erythematous lupus, polycystic kid-
neys and obstructive uropathies.[19]

Although it has also been denominated CKD of unknown etiology 
(CKDu), in our analysis it will be called CKDnT to stress that not 
knowing the causes of a disease is not the same as knowing what 
does not cause it. While the exact cause of the disease cannot 
be known for a specifi c patient, in this epidemic we do know what 
has not caused CKD for a large number of patients. Valuable in-
formation is available from epidemiologic and clinical studies in 
Salvadoran farming communities.[20‒22] Their results show high 
presence of CKDnT in rural areas, especially in male farmers 
aged <60 years and, to a lesser extent, in women, children and 
adolescents.[23] Among the main risk factors found in these stud-
ies, exposure to agrochemicals and insuffi cient hydration under 
exhausting working conditions stand out, as do the occupation 
of “farmer”, as well as male sex, age, family history of CKD, and 
consumption of non-steroid anti-infl ammatory drugs. 

High-level meetings have been convened to address this health 
tragedy. In the San Salvador Declaration of 2013,[24] the Coun-
cil of Ministers of Health of Central America and the Dominican 
Republic (COMISCA)[25] recognized CKDnT as a serious pub-
lic health problem requiring urgent and coordinated action. In 
September of that year, the 52nd meeting of PAHO’s Directing 
Council adopted a resolution on CKD in Central American agri-
cultural communities in support of the San Salvador Declaration.
[26] Ranking medical journals have echoed the concerns raised 
in these pronouncements.[27] Since then, greater attention has 
been focused on epidemiological studies of the problem’s mag-
nitude and location. 

With the aim of providing a more complete assessment of CKD 
prevalence, the present study uses a CKD-specifi c methodologi-
cal framework to estimate the magnitude of the epidemic in El 
Salvador’s adult population, considering prevalence of the dis-
ease in its various forms and possible risk factors nationally and 
in selected subpopulations. 

METHODS 
The most complete dataset available for epidemiological research 
on CKD in El Salvador is from the National Survey of Chronic Non-
communicable Diseases in Adults in El Salvador (ENECA-ELS 
2015).[28] With a sample of nearly 5000 subjects, representative 
of the entire adult population (≥20 years of age), this research 
effort was distinguished by its methodological rigor, especially 
because all measurements were performed using internationally 
recommended methods. Due to its importance and its bearing 
on the present study, we briefl y describe the ENECA-ELS 2015 
sample design and some of its key methodological details fi rst, 
followed by a similar description of design and methods for the 
present study.

ENECA-ELS 2015[28] A two-staged cluster sample design was 
employed with stratifi cation of fi rst-stage units. Primary sampling 
units (PSU) almost always corresponded to census tracts, though 

sometimes several tracts were joined to yield PSUs of similar size. 
Each sample segment included 150–250 households. Stratifi ca-
tion prior to PSU selection was based on urban/rural residency, 
as well as geographic distribution throughout the country’s fi ve re-
gions according to the latest national population and households 
census conducted in 2007. In selected PSUs within each of the 
ten strata formed by the crossing of these two axes, households 
were selected (secondary sampling units) and, fi nally, all individu-
als corresponding to the target population residing in them were 
included in the sample. In each of its phases, selection was car-
ried out applying probabilistic techniques.

Inclusion criteria All persons aged ≥20 years, residing in each 
selected household and providing written informed consent to 
participate in the study.
 
Exclusion criteria Persons with limitations preventing them from 
understanding the contents of the questionnaire and/or the re-
search objectives.

Sample Of the 9097 persons originally included in the selected 
households, it was possible to study 6150, although some only 
partially. Both interviews and measurements, including serum and 
urine laboratory tests, were completed for 4817 participants, rep-
resenting a response rate of 67.6%.

Data collection ENECA-ELS 2015 included epidemiologic and clin-
ical data obtained through a structured individual questionnaire and 
biometric tests, completed from October 2014 through March 2015. 
A questionnaire adapted to the research purposes was prepared, 
using as references the WHO STEPwise methodology[29] and the 
US National Health and Nutrition Examination Survey (NHANES) 
carried out by the US Centers for Disease Control.[30]
 
Measurement of physical and laboratory variables 
Blood pressure was measured with a digital sphygmomanometer 
(RIESTER model RI-Champion, Germany) with a precision of ± 3 
mm Hg (cuff pressure) and ± 5% pulse frequency.
 
Blood biochemical determinations of creatinine, glycaemia, total 
cholesterol, HDL, LDL and triglycerides Measurements were taken 
after an 8-hour fast. They were performed in blood using calibrated 
state-of-the-art dry chemistry analyzers (REFLOTRON PLUS, 
Switzerland) under strict quality controls. Creatinine measurement 
was not recalibrated by isotope dilution mass spectrometry (IDMS).

Albuminuria and creatininuria were determined by the albumin-to-
creatinine ratio (ACR) (CLINITEK Microalbumin 2, USA).
 
Quality control, standard procedures and data validation All medi-
cal instruments and supplies were calibrated. Laboratory analyses 
included the appropriate controls and were performed according 
to manufacturers’ specifi cations. Specialized, certifi ed personnel 
were in charge of measurements and analyses. The interviewer 
and then the fi eldwork supervisor coded and examined informa-
tion obtained from questionnaires. Whenever possible, data were 
collected using electronic devices to minimize transcription and 
typing errors;[31] data cleaning was performed daily by question-
naire supervisors and through random checks on 20% of cases.

Ethical considerations The study was designed and carried out ac-
cording to the Helsinki Declaration of the World Medical Association.
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[32] Written informed consent was obtained 
from all participants, who agreed to use of their 
data under conditions of confi dentiality. All par-
ticipants with detected abnormalities received 
clinical followup. The study was conducted 
at the request of MINSAL and the research 
protocol was approved by the National Clini-
cal Research Committee of El Salvador, of the 
Higher Council of Public Health.

Funding The ENECA-ELS 2015 study was 
funded by El Salvador’s National Institute 
of Health-Ministry of Health (INS/MINSAL) 
and Solidarity Health Fund (FOSALUD), the 
Spanish Agency for International Develop-
ment Cooperation (AECID), the US Centers 
for Disease Control (CDC) and PAHO. It 
also received methodological support from 
Cuba’s Institute of Nephrology, National 
School of Public Health and Ministry of Pub-
lic Health.

THE CKD STUDY The present analysis 
draws upon the descriptive data collected by 
ENECA-ELS 2015.[28] 

Variables Of the 118 primary variables in 
the full dataset, our analysis used a subset 
of 20 selected for their relevance to CKD di-
agnosis or characterization, or because they 
provided stratifi cation criteria for subgroup 
estimations (Table 1). The criteria for CKD 
presented in Table 1 are those listed in the 
International Society of Nephrology’s guide-
lines for improving global CKD outcomes 
(KDIGO, Kidney Disease Improving Global 
Outcomes).[33,34] A study’s adherence to 
these standards should be taken into ac-
count when assessing reported prevalence 
rates. PAHO[13] and NHANES[30] follow 
KDIGO criteria to identify CKD.

CKD is established in a single measure-
ment whenever the glomerular fi ltration rate 
(GFR) is <60. When the GFR is >60 and 
the ACR is ≥30, another ACR measurement 
of >30 separated by at least 3 months is 
required for CKD diagnosis, thus discarding 
subjects with circumstantial acute kidney 
disease. Studies that fail to take a second 
ACR measurement risk including persons 
with circumstantial acute kidney dysfunction 
in the CKD category, and will consequently 
report higher CKD prevalence. Consistent 
with International Society of Nephrology 
guidelines, we defi ned chronic kidney fail-
ure (CKF) as GFR <60 mL/min/1.73m2SC 
(or >CKD 2).

Statistical analysis Relevant informa-
tion from the ENECA-ELS was analyzed 

Table 1: Study variables 
Variable Description
Age By age group in years (20‒40, 41‒60, >60)
Sex Male, female
Educational level
completed No schooling or less than primary, primary, secondary, higher

Urban-rural residence Urban, rural
Current occupation Farmer, not farmer

Chronic kidney disease 
(CKD)[34]

CKD if one or both of the following characteristics is present: 
1) GFR <60 mL/min/1.73m2SC 
2) GFR ≥60 mL/min/1.73m2SC and ACR which reveals persistent 
A2 or A3 albuminuria level

Family history of chronic 
kidney disease (CKD) Present if the father or mother had suffered the disease

Water consumption Suffi cient: self-reported consumption of ≥2 liters a day
Insuffi cient: otherwise

High consumption 
of non-steroidal 
anti-infl ammatory drugs 
(NSAID)

Yes: self-reported daily consumption of any of the following medi-
cations for at least one month in the past year: aspirin, ibuprofen, 
naproxen sodium, desketopropoxifen, indomethacin, ketorolac, 
diclofenac, celecoxib, meloxicam 
No: otherwise

Consumption of sugary 
drinks

Yes: self-reported consumption of one or more of the following 
beverages: hydrating beverages, soft drinks and processed 
juices, energy drinks, light beverages, processed tea
No: otherwise

Intense occupational 
exposure to agrochemicals

Yes: self-reported occupation as at least one of the following 
occupations: pesticide applicator (or exterminator), mixer or 
formulator of pesticides, fl agman
No: otherwise

High blood pressure (HBP)

Hypertensive: known high blood pressure (self-reported or diag-
nosed by a physician before the study) or HBP diagnosed during 
the study (BP ≥140/90)
Not hypertensive

Diabetes mellitus (DM)

Diabetic: known DM (self-reported or diagnosed by a physician 
before the study) or DM diagnosed during the study (glycemia 
≥126 mg/dL at random or ≥200 mg/dL with symptoms)
Not diabetic

Albumin-to-creatinine ratio 
(ACR) 

A1: <30 mg/g (normal or slightly increased)
A2: 30‒300 mg/g (moderately increased)
A3: >300 mg/g (severely increased)

Glomerular fi ltration rate 
(GFR)

GFR (mL/min/1.73m2) was calculated from serum creatinine 
(SC) using the dry chemistry method and applying the CKD-Epi 
mathematical formula.[33]

CKD stage[34]

Stage 1: GFR ≥90 mL/min/1.73m2SC and ACR A2 or A3
Stage 2: GFR 60 to ≤89 and ACR A2 or A3
Stage 3a: GFR 45 to ≤59
Stage 3b: GFR 30 to ≤44
Stage 4: GFR 15 to ≤29
Stage 5: GFR <15

Chronic kidney disease 
of nontraditional causes 
(CKDnT)

Presence of CKD without HBP or DM

CKDnT stage

Stage 1: GFR ≥90 mL/min/1.73m2SC and ACR A2 or A3
Stage 2: GFR 60 to ≤89 and ACR A2 or A3
Stage 3a: GFR 45 to ≤59
Stage 3b: GFR 30 to ≤44
Stage 4: GFR 15 to ≤29
Stage 5: GFR <15

Chronic kidney failure 
(CKF) CKD at stage >2

Chronic kidney failure 
of nontraditional causes 
(CKFnT)

CKDnT at stage >2
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with SPSS version 24 statistical program (Complex Samples 
module) for Windows (SPSS Inc, Illinois, USA) and EPIDAT 
4.2.[35] 

In keeping with the descriptive nature of a cross-sectional study, 
analysis focused on point estimations of prevalence rates and 
means, and calculation of respective confi dence intervals. Since 
defi nitions of CKD and CKDnT used in this study adhere to KDIGO 
guidelines (Table 1), all CKD prevalence estimates included a 
second ACR measurement. This allowed for valid comparisons of 
results with those of other studies.

All estimates (point and interval) were made considering ad-
equate weightings (derived from the non-equiprobabilistic na-
ture of the sample and the need to calibrate “non-response”)
[36,37] as well as the complex structure of the sample design. 
Estimates were made both for overall population and according 
to characteristics of selected population groups (according to 
urban/rural setting, occupation, age and sex). All results previ-
ously obtained by MINSAL[28] were recalculated after conduct-
ing a fi nal database validation.

RESULTS
Sociodemographic characteristics of the sample Mean age 
of interviewees was 44.9 years (95% CI 44.2‒45.7) and slightly 
fewer than half (45.4%) were aged 20‒40 years. Education level 
was predominantly low (70.8% had completed primary school 
or less). Most resided in urban areas (58.6%) and about 1 in 5 
worked as farmers (Table 2).

Prevalence of CKD risk factors Table 3 summarizes preva-
lence estimates by sex, age group, urban/rural residence and 
current occupation. Among the traditional, biological risk fac-
tors, the most frequent was HBP (estimated prevalence 37.0%), 
followed by DM (12.5%). Prevalence was similar for men and 
women, and higher in the older age groups. Family history of 
CKD was found in 8.7% of the study population. All biological 

risk factors were more prevalent among urban residents and 
non-farmers, with a greater difference in the case of hyperten-
sion in the fi rst group and DM in the second.

Among the nontraditional CKD risk factors, high prevalence of 
sugary drink consumption (81.0%) and insuffi cient water con-
sumption (65.9%) were observed. Insuffi cient water consumption 
was approximately 10 percentage points higher in those aged >60 
years relative to the other two age groups, much higher in women 
(75.3%), and noticeably lower in farmers. Sugary drink consump-
tion showed an opposite pattern: lower in the older age groups 
and higher in men and farmers. Consumption of NSAID’s was low 
and fairly similar among stratifying variables. 
 
Regarding toxic exposure, it was estimated that more than 1 in 
10 persons were intensely exposed to agrochemicals (12.6%) 
at work. Level of exposure was higher in men (23.0%), farmers 
(14.7%) and rural residents (16.5%) and increased moderately 
with age. 

Prevalence of CKD and CKDnT Estimated CKD prevalence in 
the Salvadoran adult population, considering the two ACR mea-
surements, was 12.8%, representing an estimated population of 
nearly half a million adults (Table 4). Considering only one ACR 
measurement, prevalence reached 28.1% (95% CI 26.1‒30.1), or 
over 1 million adults. 

Estimated CKD prevalence in men was more than double that 
in women and increased with age, reaching one in every three 
Salvadorans of either sex aged >60 years. However, most note-
worthy is the high prevalence of the disease in the younger adult 
population (<60 years), at 7.1% (95% CI 5.8‒8.4). Overall national 
prevalence of CKF was 8.5%, notably higher in those aged >60 
years and markedly higher in men. Higher levels of CKD and CKF 
were observed in farmers, relative to those in other occupations 
(Table 4). Of the CKD cases detected, 30.5% (95% CI 25.9‒35.5) 
classifi ed as CKDnT, 33.9% in men (95% CI 28.1‒40.2) and 
25.1% in women (95% CI 19.2‒32.1).

CKDnT national prevalence was 3.9%, representing an estimat-
ed population of some 140,000 adults. Among those aged >60 
years, CKDnT prevalence was very high, affecting 1 out of every 
11 Salvadorans. CKDnT and CKFnT prevalences among farm-
ers surpassed those found among non-agricultural workers (Table 
4). The mean age of those with CKD (61.3, 95% CI 59.3‒63.4) 
was almost 6 years higher than those with CKDnT (55.5, 95% CI 
51.8‒59.2).

In general, more advanced stages of CKD had lower prevalence. 
The lowest was stage 5—requiring renal replacement therapy—at 
0.7%, representing ±26,000 adults (Table 5). A similar pattern of 
disease stages was observed for CKDnT (Table 6).

Data shown in tables are slightly different from those previously 
reported by MINSAL,[28] because all estimates were recalculated 
after a thorough database validation.

DISCUSSION
Comparison of CKD prevalence estimates across diverse tem-
poral or geographic contexts should take into account the criteria 
adopted to defi ne CKD and the methods used to assess kidney 

Table 2: Sociodemographic characteristics of the sample studied. 
ENECA-ELS 2015a 

Variable n Weighted 
percentage 95% CI

Sex
Female 3111 56.8 54.9−58.7
Male 1706 43.2 41.3‒45.1

Age group 
(years)

20‒40 2235 45.4 43.0‒47.8
41‒60 1605 34.4 32.4‒36.5
>60 977 20.2 18.5‒22.1

Urban/rural 
residence

Urban 2551 58.6 53.7‒63.4
Rural 2266 41.4 36.6‒46.3

Education 
level 
completed

No schooling 1045 19.3 17.3‒21.3
Primary 2418 51.5 48.9‒54.1
Secondary 890 20.1 18.6‒21.6
Higher 348 9.1 6.8‒11.4

Current 
occupation 

Farmer 877 18.9 16.6‒21.2
Not farmer 3 940 81.1 78.8‒83.4

ENECA-ELS: National Survey of Chronic Non-communicable Diseases in Adults in 
El Salvador[28]
aSome data are slightly different from previously reported by MINSAL[28] because 
they were recalculated following a subsequent database validation
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function.[38,39] Despite the Kidney Disease Outcomes 
Quality Initiative (K/DOQI) CKD guidelines published 
in 2002 and updated in 2012,[34,39] defi nitions of 
CKD and the cut-off values for GFR and albuminuria 
vary noticeably. A recent systematic review examining 
48 papers published between January 1, 2003 and 
November 1, 2014, reporting CKD prevalence for the 
general adult population in 20 European countries, 
found that no study used the KDIGO specifi cities for 
confi rming chronicity.[38] 

The CKD epidemic in the adult population of El 
Salvador is characterized by very high prevalence, 
if we consider that the defi nition of CKD includes 
confi rmation of chronicity as prescribed in KDIGO 
guidelines.[34] However, this fi gure is lower than 
that found in studies carried out in El Salvador’s 
agricultural communities by INS/MINSAL, in which 
chronicity of kidney disease was also verifi ed.[20] 
In those cases, CKD prevalence of 15.4%–21.1% 
was reported and, when diagnosis was confi rmed 
after 3 months, a CKF prevalence of 8.8%–13.3%.
[8,16,21,40] When prevalence in our study was 
estimated using a single measurement, the value 
obtained was even higher (28.1%). Regarding other 
countries of the region, it should be noted that in Ni-
caragua, prevalence rates of up to 42% in men and 
9.8% in women have been reported in some areas.
[41] High rates elsewhere in the region also point to 
an outbreak of the epidemic.[42]

Table 3: Prevalence* of biological and nontraditional risk factors for CKD in the Salvadoran adult population, by selected variables. ENECA-
ELS 2015a

Biologic Nontraditional

Variable
Family 
history
of CKD

% (95% CI)

Diabetes 
mellitus 

% (95% CI)

High blood 
pressure

% (95% CI)

Insuffi cient 
water 

consumption
% (95% CI)

Intense 
consumption 

of NSAIDs
% (95% CI)

Consumption 
of sugary 

drinks
% (95% CI)

Intense work 
exposure to 

agrochemicals
% (95% CI)

National 8.7
(7.6−9.9)

12.5
(11.2−13.8)

37.0
(35.0−39.1)

65.9
(63.9−67.9)

8.1
(7.0−9.1)

81.0
(79.1−82.9)

12.6
(11.0−14.3)

Sex
Female 8.3

(6.9−9.8)
13.9

(12.3−15.4)
38.0

(35.6−40.4)
75.3

(73.3−77.3)
8.7

(7.3−10.1)
78.1

(75.8−80.4)
4.8

(3.8−6.0)

Male 9.2
(7.5−11.0)

10.6
(8.8−12.4)

35.8
(32.8−39.0)

53.5
(50.2−56.8)

7.3
(6.0−8.6)

84.8
(82.6−86.9)

23.0
(20.0−26.2)

Age group 
(years)

20‒40 8.4
(6.8−9.9)

3.2
(2.4−4.0)

18.3
(16.4−20.3)

64.4
(61.7−67.1)

6.1
(5.0−7.3)

89.2
(87.2−91.2)

10.3
(8.4−12.3)

41‒60 10.3
(8.2−12.4)

18.4
(16.1−20.7)

44.8
(41.7−47.9)

62.3
(59.3−65.4)

9.9
(8.2−11.6)

77.9
(75.4−80.3)

13.3
(10.8−15.7)

>60 6.7
(4.9−8.5)

23.1
(19.8−26.5)

66.0
(62.0−69.8)

75.2
(72.2−78.2)

9.4
(6.9−11.8)

67.7
(64.2−71.3)

16.8
(13.2−20.4)

Urban/rural 
residence

Urban 8.8
(7.3−10.3)

14.2
(12.5−16.0)

40.1
(37.4−42.9)

68.6
(66.5−70.8)

7.5
(6.1−8.9)

80.9
(78.5−83.2)

9.9
(7.9−12.0)

Rural 8.6
(6.9−10.4)

10.0
(8.3−11.6)

32.7
(29.7−35.8)

62.0
(58.0−65.8)

8.9
(7.4−10.5)

81.1
(77.9−84.3)

16.5
(13.8−19.2)

Current 
occupation

Farmer 8.1
(6.1−10.2)

6.4
(4.2−8.5)

33.2 
(28.7−37.7)

46.5
(41.8−51.3)

7.8
(6.0−9.6)

84.0
(81.3−86.8)

14.7
(10.7−18.6)

Not farmer 8.9
(7.6−10.1)

13.9
(12.4−15.3)

38.0
(35.7−40.1)

70.3
(68.5−72.3)

8.1
(7.0−9.3)

80.3
(78.3−82.2)

12.2
(10.4−14.0)

* Weighted estimates

CKD: chronic kidney disease; ENECA-ELS: National Survey of Chronic Non-communicable Diseases in Adults in El Salvador;[28] NSAIDs: Non-steroid anti-
infl ammatory drugs 

aSome data are slightly different from those previously reported by MINSAL[28] because they were recalculated after a subsequent validation of the database

Table 4: Prevalence* of CKD, CKF, CKDnT and CKFnT by selected variables in 
the Salvadoran adult population. ENECA-ELS 2015

Variable
CKD 

% 
(95% CI)

CKF
% 

(95% CI)

CKDnT
% 

(95% CI)

CKFnT
%

 (95% CI)

National 12.8 
(11.2−14.4)

8.5 
(7.2−9.9)

3.9
(3.1−4.8)

2.4 
(1.7−3.0)

Sex
Female 8.7

(7.2−10.3)
5.0

 (3.9−6.2)
2.2

(1.6−2.8)
1.0 

(0.5−1.4)

Male 18.0
(15.2−20.7)

13.2 
(10.7−15.6)

6.1
(4.5−7.6)

4.2
(2.9−5.5)

Age group 
(years)

20‒40 3.7 
(2.5−4.9)

1.3 
(0.7−1.9)

2.4 
(1.5−3.2)

0.7
 (0.3−1.1)

41‒60 11.7
(9.6−13.8)

7.3 
(5.5−9.1)

3.0 
(2.0−4.0)

1.9
(1.1−2.6)

>60 35.5
(31.0−40.0)

26.9 
(22.9−30.1)

8.9
(6.3−11.6)

7.0 
(4.6−9.3)

Urban/rural 
residence

Urban 11.4
(9.2−13.6)

8.2 
(6.4−10.0)

3.2 
(2.1−4.3)

2.2
(1.3−3.0)

Rural 14.7 
(12.2−17.1)

9.0 
(7.0−10.1)

4.9
(3.4−6.3)

2.6
(1.5−3.8)

Current 
occupation 

Farmer 18.4
(14.8−22.0)

12.9
(9.5−16.3)

7.5
(4.9−10.1)

5.0
(2.7−7.3)

Not farmer 11.4
(9.8−13.1)

7.5
(6.2−8.8)

3.0
(2.3−3.8)

1.7
(1.2−2.3)

* Weighted estimates

CKD: Chronic kidney disease; CKF: Chronic kidney failure; CKDnT: nontraditional chronic kidney 
disease; CKFnT: nontraditional chronic kidney failure; ENECA-ELS: National Survey of Chronic 
Non-communicable Diseases in Adults in El Salvador[28] 

All rates were estimated taking into account the two ACR measurements carried out to confi rm 
chronicity
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Table 5: Prevalence* of chronic kidney disease stages by sex, age group, urban/rural and 
current occupation, in El Salvador’s adult population. ENECA-ELS 2015 

Variable
Prevalence of chronic kidney disease by stage

% (95% CI )
CKD 1 CKD 2 CKD 3a CKD 3b CKD 4 CKD 5

National 1.8
(1.3−2.4)

1.6
(1.2−2.1)

4.4
(3.6−5.4)

2.7
(2.1−3.5)

1.3
(0.9−1.8)

0.7
(0.4−1.1)

Sex
Female 1.5

(1.0−2.2)
1.6

(1.1−2.1)
3.0

(2.0−4.0)
1.4

(1.0−1.9)
0.9

(0.4−1.4)
0.2

(0.0−0.4)

Male 2.2
(1.3−3.1)

1.7
(1.1−2.3)

6.3
(4.8−7.8)

4.5
(3.3−5.8)

1.9
(1.1−2.7)

1.4
(0.7−2.0)

Age group 
(years)

20‒40 1.9
(1.1−2.7)

0.4
(0.1−0.6)

0.8
(0.3−1.2)

0.2
(0.0−0.4)

0.3
(0.0−0.6)

0.2
(0.0−0.4)

41‒60 2.2
(1.4−3.1)

1.4
(0.8−2.1)

3.7
(2.5−4.9)

1.9
(0.9−2.8)

1.5
(0.8−2.3)

0.9
(0.3−1.6)

>60 1.0
(0.3−1.7)

4.9
(3.4−6.5)

14.2
(11.1−17.3)

10.3
(7.7−13.0)

3.5
(2.1−4.9)

1.6
(0.7−2.5)

Urban/rural 
residence

Urban 1.3
(0.7−1.9)

1.1
(0.6−1.5)

5.2
(3.8−6.5)

2.2
(1.4−3.0)

1.0
(0.6−1.4)

0.7
(0.3−1.1)

Rural 2.6
(1.6−3.6)

2.4
(1.6−3.2)

3.5
(2.5−4.5)

3.6
(2.5−4.7)

1.8
(1.0−2.7)

0.7
(0.2−1.3)

Current 
occupation 

Farmer 2.5
(1.4−3.6)

2.2
(1.1−3.2)

6.2
(4.3−8.1)

4.1
(2.5−5.8)

2.5
(1.2−3.9)

0.9
(0.0−1.8)

Not 
farmer

1.7
(1.1−2.2)

1.5
(1.1−2.0)

4.0
(3.1−5.0)

2.5
(1.7−3.2)

1.1
(0.7−1.5)

0.7
(0.4−1.0)

* Weighted estimates 

CKD: Chronic kidney disease; ENECA-ELS: National Survey of Chronic Non-communicable Diseases in Adults in El 
Salvador[28] 

Table 6: Prevalence* of chronic kidney disease of nontraditional causes for each stage by sex, 
age group, urban/rural and current occupation, in El Salvador adult population. 
ENECA-ELS 2015 

Variable

Prevalence of chronic kidney disease 
of nontraditional causes by stage

% (95% CI )
CKDnT 1 CKDnT 2 CKDnT 3a CKDnT 3b CKDnT 4 CKDnT 5

National 0.8
(0.5−1.1)

0.5
(0.2−0.7)

1.3
(0.9−1.8)

0.7
(0.4−1.0)

0.4
(0.1−0.6)

0.1
(0.0−0.3)

Sex
Female 0.7

(0.4−1.1)
0.3

(0.0−0.5)
0.5

(0.2−0.9)
0.3

(0.0−0.6)
0.2

(0.0−0.4) −

Male 0.8
(0.3−1.3)

0.7
(0.3−1.3)

2.4
(1.4−3.3)

1.3
(0.7−1.9)

0.6
(0.2−1.1)

0.3
(0.0−0.6)

Age group 
(years)

20‒40 1.3
(0.7−1.9)

0.3
(0.1−0.6)

0.4
(0.1−0.7)

0.1
(0.0−0.3)

0.2
(0.0−0.4)

0.1
(0.0−0.2)

41‒60 0.3
(0.1−0.5)

0.5
(0.1−1.0)

1.3
(0.6−1.9)

0.3
(0.0−0.5)

0.5
(0.0−1.0)

0.1
(0.0−0.2)

>60 0.5
(0.0−1.0)

0.8
(0.2−1.5)

3.6
(2.0−5.3)

3.0
(1.7−4.3)

0.7
(0.0−1.3)

0.4
(0.0−1.0)

Urban/rural 
residence

Urban 0.5
(0.2−0.8)

0.3
(0.0−0.5)

1.5
(0.8−2.2)

0.4
(0.1−0.7)

0.3
(0.0−0.5)

0.2
(0.0−0.5)

Rural 1.1
(0.5−1.7)

0.8
(0.3−1.3)

1.1
(0.6−1.7)

1.2
(0.6−1.7)

0.6
(0.1−1.0) 0.0

Current 
occupation 

Farmer 1.1
(0.3−1.9)

1.0
(0.2−1.8)

2.6
(1.3−3.9)

1.6
(0.6−2.5)

0.9
(0.1−1.7)

0.3
(0.0−0.9)

Not 
farmer

0.7
(0.4−1.0)

0.4
(0.1−0.6)

1.0
(0.6−1.5)

0.5
(0.3−0.8)

0.3
(0.0−0.5)

0.1
(0.0−0.2)

* Weighted estimates 

CKDnT: Chronic kidney disease of non-traditional causes; ENECA-ELS: National Survey of Chronic Non-
communicable Diseases in Adults in El Salvador[28]

Comparing our fi ndings with national 
statistics from other countries, mortal-
ity data lead us to assert that CKD is a 
health problem of epidemic magnitude 
in the adult population of El Salvador. 
Though El Salvador’s CKD prevalence 
(12.8%) was lower than other rates 
obtained by national studies conduct-
ed in the USA (16.8%),[43,44] Japan 
(26.7%)[45] and Australia (20.4%),[46] 
none of these studies used the KDIGO 
defi nition for CKD chronicity, which 
prescribes a second measurement 
after 3 months. Nevertherless, other 
investigations that have not adhered 
to this criterion have found prevalence 
rates lower than those estimated for 
the Salvadoran population.[47‒49]

This study brings to light the remark-
able presence of CKDnT in the Sal-
vadoran population: about 3 out of 
10 adults diagnosed with CKD do not 
suffer HBP or DM. That is, CKDnT 
constitutes approximately one third 
of all CKD in El Salvador. The ratio 
CKDnT:CKD is similar for men and 
women: CKDnT rate for men is 6.0% 
(95% CI 4.6%‒7.8%) and for women 
2.1% (95% CI 1.6%‒2.9%), while CKD 
rates were estimated at 18.8% and 
8.7% respectively.

Although the highest CKD and CKDnT 
prevalences were found in persons 
aged >60 years, the difference be-
tween those above and below that age 
threshold is much smaller for CKDnT. 
This points to earlier onset of this form 
of the disease. This possibility, com-
bined with high levels of nontraditional 
CKD risk factors (insuffi cient water 
consumption, high consumption of 
sugary drinks and intense occupa-
tional exposure to agrochemicals), 
should be considered when designing 
subsequent research aimed at iden-
tifying possible causal factors of El 
Salvador’s CKD epidemic. Insuffi cient 
hydration is a general phenomenon, 
but the study shows that it is more 
pronounced among women than men, 
which calls for further scrutiny.

We note the very high prevalence of 
exposure to agrochemicals in the Sal-
vadoran population (12.6%). This risk 
factor was nearly 5 times higher in men 
than in women and 1.7 higher in rural 
areas. Though not surprising, these 
fi gures are alarming. Many results 
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thus far published for both Central America[50‒54] and countries 
in other regions, including Mexico,[55,56] the USA[57,58] and Sri 
Lanka,[59,60] show that populations in agricultural communities 
most affected by the epidemic are directly or indirectly exposed 
to pesticides, herbicides and numerous toxic substances (heavy 
metals and metalloids) contained as impurities in certain agro-
chemicals and fertilizers (e.g. glyphosate, paraquat, carbofuran, 
deltamethrin, organophosphates). Many of these substances are 
banned in the countries where they are produced, and yet are in 
general use in others, occasionally mixed and frequently applied 
with little or no protection for those who handle them.[61] 

The CKDnT epidemic has appeared in other parts of the world,[62] 
particularly in agricultural areas of Sri Lanka,[63,64] where it has 
been estimated that at least 400,000 persons suffer from the dis-
ease in the northern region[65] and prevalence could reach 21%.
[66] A similar pattern has been reported in southern India[67,68] 
and in other countries such as Saudi Arabia,[69] Egypt[70] and 
Senegal.[71] The health tragedies in Sri Lanka and El Salvador 
show pronounced similarities in practically all relevant param-
eters,[72‒74] suggesting that the countries are facing the same 
epidemic.

This study has limitations; among them, that exposure data were 
based on study participants’ reports, which often entails under-
reporting and recall bias. In addition, interviewing and measur-
ing nearly 5000 persons under the highly hostile circumstances 
prevalent in El Salvador partially explains the anticipated sub-
stantial rate of non-response. However, from the quantitative point 
of view, the confi dence intervals are narrow enough to produce 
reliable point estimates. While this loss of information could theo-
retically bias the estimates, non-response as well as the non-
equiprobability of the sample were considered when constructing 
the weightings. On the other hand, this non-response can be 
considered unrelated to the real value of variables, since it was 

largely due to rejection of hundreds of cases—in some instances 
because informed consent was not unambiguously recorded, and 
in others because informal groups blocked access to households 
in the areas where they operated. 

Despite these limitations, the importance of this paper lies in the 
fact that it reports the results of the fi rst epidemiological investiga-
tion on the prevalence of CKD and CKDnT based on a nation-
ally representative sample of adults. Its fi ndings may serve as a 
valuable benchmark for present and future studies addressing the 
epidemic appearance of the disease, both in El Salvador and in 
the Central American region.

One of the principal strengths of the study is the application of the 
CKD defi nition accepted by the International Society of Nephrol-
ogy[34] to a national-scale study conducted in a socially confl icted 
and violent area.

CONCLUSIONS
The results confi rm previous research in El Salvador’s agricul-
tural communities: that CKD constitutes a health problem of 
epidemic magnitude in the adult population. This health tragedy 
especially strikes older men but is also present in young people 
of both sexes.

An important and alarming fact is that 1 out of 10 persons sur-
veyed attested to being exposed to agrochemicals at work. This 
fi nding merits more detailed study, beyond its possible impact 
on CKD.

Reversing the epidemic can only be achieved through practical 
measures. Their identifi cation and implementation require knowl-
edge of the disease and its associated risk factors, which is the 
aim of this article. The topic is far from exhausted and, as argued 
in a recent paper,[75] demands further research.
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