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B ackg rou n d  The alarming rise in the prevalence of 
chronic kidney disease o f uncertain etiology (CKDu) 
among the low socioeconomic farming community in the 
North Central Province of Sri Lanka has been recognized 
as an emerging public health issue in the country.
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M ethods This study sought to determine the possible fac­
tors associated w ith the progression and mortality of CKDu 
The study utilized a single-center cohort registered in 2003 
and followed up until 2009 in a regional clime in the endemic 
region, and used a Cox proportional hazards model.
Results We repeatedly found an association between 
disease progression and hypertension. Men were at higher 
risk of CKDu than women. A signicant proportion of the 
patients in this cohort were underweight, which empha­
sized the need for future studies on the nutritional status of 
these patients.
C onclusions  Compared with ndings in western countries 
and other regions o f Asia, we identied hypertension as a 
major risk factor for progression of CKDu in this cohort.
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Introduction

Chronic kidney disease (CKD) has emerged as a global 
public health issue [ 1 ] and has become an important cause 
of morbidity and mortality [2]. Patients with CKD consti­
tute a signicant economic burden, both directly in terms 
of resource utilization, and indirectly through loss of 
productivity and impaired quality of life [3J. In the past 
decade, 1.1 trillion dollars have been spent on dialysis 
worldwide [4J. Therefore, early detection of asymptomatic 
CKD patients is important because early intervention has a 
reasonable chance of making a positive impact on outcome 
[5]. Similarly, it is important to prevent or delay disease 
progression from mild to severe stages [4). The global 
increase in the prevalence o f CKD and its disproportionate 
burden on economically developing countries is being 
driven by an increase in the prevalence of the main risk 
factors for CKD; namely, diabetes, hypertension, obesity, 
and aging of the population [6],

However, in the North Central Province (NCP) o f Sri 
Lanka, the dramatically increasing prevalence of CKD 
during the past two decades has not been attributable to any 
of these factors [7], Thus, it has been named CKD of 
uncertain etiology (CKDu). The majority of CKDu patients 
in the NCP are from the low socioeconomic farming 
community [8], As a result of the insidious onset and 
progression of the disease, these patients present in the late 
stages, which requires renal replacement therapy such as 
dialysis and transplantation. In 2005, 4.6%  of the national 
health budget (annual) was being spent on the management 
of renal disease patients [9].

In this CKDu endemic region, an epidemiological sur­
vey to evaluate the possible risk factors has revealed that a 
family history of CKDu, taking ayurvedic treatment, and a 
history of snake bite are signicant predictors for CKDu 
occurrence [8], As a result o f the clinically observed het­
erogeneity in disease progression, we hypothesized that the 
rate of disease progression and death could be modied by 
different demographic, clinical, and lifestyle-related fac­
tors. To evaluate this, we followed up a CKDu cohort that 
was identied in a high-risk population screening program, 
which is believed to be the rst-ever cohort study of CKDu 
in the NCP of Sri Lanka. It is expected that risk factor 
identication will be crucial in the prevention of CKDu 
progression from mild to severe stages.

Methods

Cohort

Target population screening programs using dipstick 
proteinuria were started in 2003 when there was a surge
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in new registrations with CKDu in the local renal clinics 
in the NCP. Early-morning urine samples from people 
aged > 5  years (except for menstruating women) were 
checked on three occasions, with an interval of 1 week 
between consecutive samples. Subjects with proteinuria 
on two or more occasions were referred to renal clinics 
for further conrmatory investigations. Patients with 
CKDu were diagnosed after excluding known etiologies. 
Diabetes mellitus was excluded by the absence of a 
history, no current treatment, and hemoglobin A 1C 
(H bAlC) <6 .5% . Malignant hypertension was excluded 
by the absence of a history of chronic and/or severe 
hypertension. If blood pressure was <160/100  mmHg 
untreated or <140/90  mmHg with up to two antihyper­
tensive agents, those people were included in the CKDu 
group. Systemic lupus erythematosus was excluded by 
the absence of anti-nuclear factor and double-stranded 
DNA antibody. In all cases, biopsy was conducted for 
pathological diagnosis. CKDu was pathologically dened 
as a region o f focal-to-diffuse interstitial brosis and 
tubular atrophy. IgA nephropathy was excluded by 
immunostaining for IgG. IgM, IgA, and complement 
component C3. Urological diseases of known etiology 
were excluded by clinical symptoms and routine 
investigations.

All patients who were diagnosed with CKDu were 
registered in local clinics. We recruited 143 CKDu patients 
at the time of registration at the Medawachchiya renal 
clinic after screening in 2003. All the patients recruited for 
the cohort were followed up for 72 months from registra­
tion until 2009 or death.

Baseline risk factor assessment

After registering the patients in the clinic, demographic 
and lifestyle-related information was collected by physi­
cians through face-to-face interviews using a structured 
questionnaire. If available, medical records were used to 
collect the relevant clinical information. The risk factors 
of interest were: source of drinking water (agro-well, tube 
well, or garden well); habits (alcohol consumption, 
smoking, or betel chewing); family history of CKD, and 
history of snake bites; frequently used medication; and 
parental consanguinity. A history of hypertension, 
malaria, or bed-welting, and ultrasonographic ndings of 
shrunken kidney were collected from medical records. 
The presence of dental uorosis was recorded after 
examination. Patients with mild hypertension (blood 
pressure <160/100 mmHg untreated, or <140/90  mmHg 
with up to two antihypertensive agents) were classied as 
hypertensive patients. If patients developed diabetes 
mellitus during the follow-up period, they were classied 
as diabetics.
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Covariates 

B ody m ass index

The height and weight o f the patients were measured in 
increments of 0.1 cm and 0.1 kg, respectively, while they 
were wearing light clothing. Body mass index (BM I) was 
calculated as body weight (kg) divided by the square of 
height (m). BM I was categorized according to the World 
Health Organization guidelines: <1 8 .5  kg/m2 (under­
weight), 18.524.9 kg/m 2 (normal), 2529.9 kg/m 2 (over­
weight), and > 3 0  kg/m2 (obese).

Serum creatin ine an d  g lom eru lar Itration rate

The latest serum creatinine level was used to calculate the 
estimated glomerular Itration rate (eGFR) using the 
Modied Diet in Renal Disease (M DRD) formula [ 10]:

GFR (ml min 1 73m2)

=  186 x (serum creatinine)-1 154 x (A ge)-0203 

x (0  742 if female) x (1 233)

According to one of the most widely adopted classica- 
tions, proposed by the Kidney Disease Outcomes Quality 
Initiative, ve stages were dened for CKDu using the 
eGFR value |11], If eGFR was > 9 0  ml/min/1.73 m2, but 
there was evidence o f kidney damage such as proteinuria, 
patients were classied as CKDu stage 1. Stages 25 were 
classied according to eGFR values o f 6089, 3059, 
1529, and < 1 5  ml/min/1.73 m2 in stages 2, 3, 4, and 5, 
respectively.

Kidney disease follow-up

For each member of the cohort, the person-years o f follow­
up were calculated from 2003 to the date o f death or to the 
nal year o f the study period (2009). The entire cohort was 
closely monitored for 2 years (cohort established in 2003 
and followed up in 2004 and 2005) for deaths and disease 
progression, and then the patients were invited to partici­
pate in the annual clinic to determine disease progression. 
It was observed that 34 patients were missing in 2005 
without any records, and 81 were reported in 2006 and 76 
in 2007. Forty-four patients were reported in 2008, and in 
2009 only 25 were reported to the annual follow-up 
program.

Statistical analysis

Values for demographic variables, BM I, and history of 
hypertension in the study participants are presented as 
means with standard deviation (SD ). MDRD-based eGFR

was categorized by sex and various age groups, using the 
SA S Statistical Package version 9.1 (SAS Institute, Cary, 
NC, USA). After stratication by age and eGFR, sex/age 
adjusted hazard ratios (HRs) for CKDu were obtained 
using a Cox proportional hazards model. The risk factors 
considered in the analysis were: source of drinking water 
(agro-well, tube well, or garden well); habits (alcohol 
consumption, smoking, or betel chewing); family history of 
CKD; history of hypertension, malaria, bed-wetting, or 
snake bites; frequently used medication; parental consan­
guinity; and clinical ndings (dental uorosis, ultrasono­
graphic ndings o f shrunken kidney, BMI, serum 
creatinine levels, and CKDu stage at follow-up). In the rst 
trial o f the Cox model, each factor was individually con­
sidered (univariate Cox model), and age-corrected, sex- 
stratied signicant factors for disease progression were 
identied for CKDu stage 14 patients, using SAS (PROC 
PHREGoutcome of the model was disease progression). 
Disease progression was determined according to the 
advance o f CKDu stage over the monitoring period. In the 
second trial of the Cox model, all signicant factors 
identied in the rst analysis were combined (multivariate 
Cox model). Similar analysis was carried out for CKDu 
stage 1 and stage 23 patients at the third and fourth Cox 
model analyses for disease progression. Univariate and 
multivariate Cox model analyses (fth and sixth Cox 
model analyses) were carried out to determine individual 
and combined mortality factors. A Kaplan-Meier curve was 
generated with SAS soft ware. Log-rank and Wilcoxon 
tests were carried out to check the homogeneity o f the 
survival curves. All analyses were performed with the SAS 
Statistical Package version 9.1 (SAS Institute). This was a 
fact-nding study; therefore, we placed an emphasis on 
false-negative results. Thus, we considered p  <  0.10 as 
signicant.

Results

Study cohort

The study cohort consisted of 143 patients with a mean age 
(SD ) o f 43 (6.5) years. They were predominantly Sinhalese 
in ethnicity (86% ) and belonged to rural communities. The 
number of participants and their demographic characteris­
tics, BM I, and history o f hypertension are shown in 
Table 1.

Fifty-eight percent of the participants were men. 
Importantly, the majority of the participants had low BMI 
(42% ) and only 8% had high BM I (overweight and obese). 
The prevalence of hypertension was 24% , and 3% devel­
oped diabetes during the follow-up period. The distribution 
o f MDRD-estimated GFR categories by sex and age is
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Table 1 Distribution of demographic variables. BMI. and history of 
hypertension among study participants in 2003

All participants Number {%) Mean age (SD). 
years

Women 60 (42) 38.42 (20.66)
Men S3 (58) 47.66 (18.83)
Age (years)

<20 24 (17) 13.6 (4.0)
2029 16 (11) 23.6 (2.9)
3039 13 (9) 35.0 (3.3)
4049 26 (IS) 43.8 (3.0)
5059 30 (21) 53.8 (2.6)
6069 20 (14) 64.0 (2.0)
>70 14 (10) 76.6 (6.5)

BMI (kg/m’)
<18.5 52 (42) 46.3 (23.0)
18.524.9 62 (50) 44.4 (16.6)
2529.9 8 (6) 42.9 (11.5)
>30 2 (2) 31.0 (1.4)

Hypertension 34 (24) 54.1 (15.1)

BMI body mass index (kg/nr), SD standard deviation

presented in Table 2. The proportion of early-stage CKDu 
patients was markedly reduced in the older age groups. For 
example, in the youngest population (age < 2 0  years), 92%  
were CKDu stage 1 (GFR > 9 0  ml/min/1.73 m2), but in the 
older population (aged 6069 years), the CKDu stage-1 
population was only 9%. In contrast, very few or no late- 
stage patients were found in the younger age group. For 
example, no patients were found in CKDu stage 4 (GFR 
1529 ml/min/1.73 m 2) in the younger age group 
(< 2 0  years), but almost 40%  of the patients in the older age 
group (6069 years) were CKDu stage 4.

The cohort was closely monitored for 2 years for disease 
progression and death, and they were invited to join the 
annual monitoring program for another 4 years. The mean 
period of observation was 39.9 months. It was found that 
11 patients died during the monitoring period of 
20032005, and the numbers of patients who came to the 
follow-up clinics in 2005, 2006, 2007, 2008, and 2009 were 
90, 81, 76, 44, and 25, respectively. Table 3 shows the 
number o f deaths recorded during the rst 2 years, cate­
gorized by CKDu stage and age (above and below 
65 years). The mortality rates in the present study were 
compared with those reported in similar CKD cohort 
studies from different parts of the world.

Predictors of disease progression

A sex-stratied, age-adjusted, Cox proportional hazards 
model was used to identify the individual parameters for 
disease progression: occupation, drinking water source,

alcohol consumption, smoking, betel chewing, family his­
tory. hypertension, diabetes mellitus, malaria, bed-wetting, 
snake bites, medication used, parental consanguinity, 
dental uorosis, shrunken kidney, and BMI. Tabic 4 shows 
the signicant factors obtained for disease progression for 
patients with stage 14 CKDu. Alcohol consumption, betel 
chewing, nonsteroidal anti-inammatory drugs (NSAIDs), 
and hypertension were identied as major individual fac­
tors (age-adjusted and sex-stratied) for disease progres­
sion, with HRs of 3.39, 3.61, 2.33, and 2.02, respectively 
(p <  0.1). In the multivariate analysis with all signicant 
factors, alcohol consumption and hypertension were the 
main factors for disease progression, with HRs o f 3.64 
(p  =  0.076) and 3.38 ip  =  0 .0 1 1), respectively. We repe­
ated the same analysis for stage 1 and stage 23 patients, 
and the signicant results are shown in Table 5. Hyper­
tension was the only factor identied for disease progres­
sion in stage I patients, with an HR o f 7.29 (p  =  0.34). 
Even though it was statistically not signicant ( p  =  0.12), 
it is worth highlighting the factor of family history, with an 
HR of 21.63. Hypertension, BM I, and malaria were iden­
tied as the signicant factors for disease progression in 
stage 2 and 3 patients (sex-stratied and age-adjusted). 
Hypertension showed the highest HR, of 3.07 (p =  0.060), 
in this analysis. The dominance o f hypertension was further 
emphasized by multivariate analysis, with an HR of 26.14 
(p =  0.003); BM I and malaria showed lower HRs, of 0.64 
ip  =  0 .011) and 0.27 (0.083), respectively.

It was observed that hypertension repeatedly emerged as 
an important factor for disease progression, and we 
developed KaplanMeier survival curves to illustrate this 
further (Fig. 1). Different rank statistics tests were used to 
check the homogeneity of the survival curves. Log-rank 
and W ilcoxon tests showed y1 values of 11.4 (p =  0 .0007) 
and 10.1 ip  =  0.0014), respectively, which suggested a 
comparatively rapid disease progression if the patients had 
a history of hypertension in the early stages of the disease.

In addition to hypertension, alcohol consumption and 
betel chewing were also identied as signicant factors for 
disease progression by univariate Cox model analysis, but 
in the multivariate analysis, their signicance disappeared. 
However, it is noteworthy that in a previous study, by Chou 
et al. (12), it was found that betel-nut use was associated 
with CKD in men and this association was independent of 
age, BM I, smoking, alcohol consumption, hypertension, 
diabetes, and hyperlipidemia.

Predictors of mortality

Univariate Cox survival analysis (age-adjusted and sex- 
stratied) suggested that hypertension, CKDu stage, and 
shrunken kidney were the signicant factors associated 
with mortality rate, with HRs of 2.29 ip  =  0 .1), 3.00
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Table 2 MDRD-based GFR according to sex and age in 2003

Mean age (SD), years Total no. GFR (ml/min/1.73 m2)

>90 
Stage 1

6089 
Stage 2

3059 
Stage 3

1529 
Stage 4

<15 
Stage 5

All participants
Women 38.42 (20.66) 60 24 (40.00) II (18.33) 14 (23.33) 9 (15.00) 2 (3.33)
Men 47.66 (18.83) 83 26 (31.33) 11 (13.25) 18 (21.69) 14 (16.87) 14 (16.87)

Age (years)
<20 13.6 (4.0) 26 24 (92.30) 0(0) 1 (3.87) 0(0) 1 (3.83)
2029 23.6 (2.9) 16 9 (56.25) 5 (31.25) 2 (12.50) 0(0) 0(0)
3039 35.0 (3.3) 14 4 (28.57) 4 (28.57) 3 (21.43) 1 (7.14) 2 (14.29)
4049 43.8 (3.0) 27 7 (25.93) 6 (22.22) 5 (18.52) 7 (25.93) 2 (7.41)
5059 53.8 (2.6) 28 4 (14.29) 3 (10.17) 12 (42.86) 4 (14.29) 5 (17.86)
6069 64.0 (2.0) 22 2 (9.09) 2 (9.09) 5 (22.73) 9 (40.91) 4 (18.18)
>70 76.6 (6.5) 10 0(0) 2 (20.00) 4 (40.00) 2 (20) 2(20)

Values are numbers (percentages) of participants unless slated otherwise
GFR glomerular Itration rate (ml/min/1.73 m 2), MDRD Modication of Diet in Renal Disease. SD standard deviation

Table 3 CKDu cohort deaths during rst 2 years follow-up (2004 
and 2005)

Age group (years) CKD stage Number (%) Observed deaths

<65 1 and 2 51 (53.13) 0
3 20 (20.83) 1
4 16 (16.67) 3
5 9 (9.34) 4
Total 96 8

>65 1 and 2 4 (30.77) 0
3 4 (30.77) 0
4 2 (15.38) 1
5 3 (23.08) 2
Total 13 3

Values are numbers (percentages) of participants unless stated 
otherwise
CKDu chronic kidney disease of uncertain etiology

(p  =  0 .00), and 2.74 (p =  0 .09), respectively (Table 4). In 
multivariate Cox survival analysis, the dominance of 
CKDu stage was observed over other signicant factors, 
with an HR o f 2.94 (p =  0.001).

Discussion

This study is believed to be the rst to identify possible risk 
factors o f CKDu disease progression and death in a pro­
spective cohort in Madawachchiya, Sri Lanka, where 
CKDu is endemic.

The age-structure pyramid o f this CKDu cohort was 
broad-based, with a relatively large proportion of younger 
patients. For example, 17% of the CKDu patients were

< 2 0  years old. In contrast, the proportion of CKD patients 
aged < 2 0  years in the United States is <2%  [13]. Almost 
all the younger patients (< 2 0  years) in this cohort had 
CKDu stage 1 and they comprised 24%  of the stage-1 
population. Therefore, it is reasonable to presume that the 
problem will become much more serious in the coming few 
decades when these patients progress to late stages of the 
disease. Even though the older age group (> 7 0  years) 
comprises 37%  o f the CKD population in the United States 
[13], only about 10% of the patients in our cohort were 
> 7 0  years old.

A similar age-structure pyramid in the CKD population 
has been reported from another Asian country, Iran, where 
23.6%  are aged < 3 0  years, and only 6.0%  are > 7 0  years 
old [4], In the present cohort, 37% o f stage 35 CKDu 
patients were older than 60 years.

In our cohort, the probability of death in a 2-year period 
was 23%  for a patient older than 65 years and that was 8% 
for a patient younger than 66 years. These values are 
almost double those reported by Manns et al. [14], who 
showed that the probability of death in a CKD cohort in 
Alberta, Canada, was 4.81%  for patients aged < 6 6  years 
and 13.29% for those aged > 6 5  years. It is particularly 
interesting to note that 81% of the Canadian cohort had 
CKD stage 1 or 2, 18% had stage 3, and 1% had stage 4 or 
5, whereas in our cohort, 50%  had stage 1 or 2, 22%  had 
stage 3, and 28% had stage 4 or 5. This demonstrated that 
the disease progression in our CKDu cohort was much 
faster than that in western countries, and we suspect that 
this could be a reason for the higher death rate in our 
cohort. The overall death rate in our cohort was 5.3% per 
100 patient-years, which is higher than the rate reported in 
Taiwan [15]. Lack o f adequate dialysis facilities to manage
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Table 4 Sex-stratied. age-adjusted univariate and multivariate Cox proportional models tor CKDu disease progression and death

Outcome Type of analysis Variable Hazard
ratio

95% Condence 
interval

p  value

Disease progression Sex-stratied, age-adjusted univariate analysis Alcohol 3.39 1.438.04 0.006
(CKD stage 14) Betel 3.61 1.2110.77 0.021

Hypertension 2.02 0.0945.34 0.907

NSAID 2.33 0.955.71 0.065

Sex-stratied. age-adjusted multivariate Alcohol 3.64 0.8715.23 0.076
(alcohol, betel, hypertension, NSAID) Betel 1.94 0.527.24 0.325
analysis Hypertension 3.38 1.318.72 0.011

NSAID 1.28 0.423.90 0.662

Death (CKD stage 15) Sex-stratied. age-adjusted univariate analysis Hypertension 2.29 0.856.17 0.100

CKD stage 3.00 1.715.26 0.000
Shrunken kidney 2.74 0.839.05 0.097

Sex-stratied, age-adjusted multivariate Hypertension 1.79 0.625.17 0.277
(hypertension. CKD stage, shrunken kidney) CKD stage 2.94 1.575.51 0.001
analysis Shrunken kidney 0.80 0.213.05 0.742

NSAID nonsteroidal anti-inammatorv drug, CKDu chronic kidney disease of uncertain etioloigy. Betel betel chewing. Alcohol alcohol
consumption

Table 5 Sex-stratied. age-adjusted univariate and multivariate Cox proportional models of disease progression for stage-specie analysis

CKDu Type of analysis Variable Hazard ratio 95% Condence 
interval

p value

Stage 1 Sex-stratied. age-adjusted univariate analysis Hypertension 7.29 1.1645.81 0.034
Family history 21.63 0.441063.31 0.120

Stage 23 Sex-stratied, age-adjusted univariate analysis Hypertension 3.07 0.959.92 0.060
BMI 0.85 0.721.00 0.070
Malaria 0.26 0.080.85 0.027

Sex-stratied, age-adjusted multivariate (hypertension. Hypertension 26.14 3.04224.77 0.003
BMI, malaria) analysis BMI 0.64 0.450.91 0.011

Malaria 0.27 0.061.22 0.083

BMI body mass index (kg/m2), CKDu chronic kidney disease of uncertain etiology

the CKDu patients in this region might have contributed to 
this higher mortality.

BMI is associated with CKD f 16, 17]. Many researchers 
have reported that higher BMI is a risk factor for CKD in 
apparently healthy persons [18, 19]. By contrast, in our 
cohort, only 8% of the patients were overweight 
(2529.9 kg/m 2) or obese (> 3 0  kg/m2), whereas 42%  of 
the patients were underweight (< 1 8 .5  kg/m2). According to 
some studies, malnutrition has been shown to increase 
mortality risk more than high BM I [20, 21], and malnu­
trition could have also contributed to the higher death rate 
in our cohort.

In our study, men (58% ) were at higher risk of CKDu 
than women were (42% ). A similar association has been 
reported in a study in Taiwan [15), where 62%  of the

Springer

affected population was male. However, the majority of 
published studies have shown female-dominant CKD 
cohorts [4, 22, 23], Further research is needed to determine 
the reasons for male dominance in our study area. How­
ever, factors such as genetic susceptibility and some 
behavioral risk factors, such as alcohol consumption and 
betel chewing, which could play a role in increasing dis­
ease occurrence, should not be neglected.

Diabetes and hypertension are known risk factors for 
CKD [24, 25]. According to the denition of CKDu. 
patients with diabetes and uncontrollable hypertension 
were not included in the present cohort. However, it should 
be noted that ve patients developed diabetes and several 
developed hypertension during the follow-up period. At the 
same time, several patients had mild hypertension at the
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Fig. 1 KaplanMeier curves showing the probability of chronic 
kidney disease of uncertain etiology (CKDu) disease progression over 
the monitoring period with and without self-reported hypertension for 
CKDu stage I (glomerular Itration rate [GFRJ >90 ml/min/1.73 m2) 
patients (please refer to the Results section in the text for Log-rank 
test and Wilcoxon test results)

time of diagnosis o f CKDu. Among the factors that were 
evaluated as suspected risk factors for disease progression 
in our cohort, hypertension was identied as the leading 
determinant o f disease progression. Self-reported hyper­
tension was a signicant predictor ( p  <  0.05) for disease 
progression, with an HR of 3.38 by multivariate Cox pro­
portional model analysis for stage 14 patients. Our results 
suggest a strong correlation between hypertension in the 
early stage o f CKDu and disease progression. Sixty-six 
percent o f stage 1 patients in our cohort were from die 
population aged < 3 0  years, and hypertension showed an 
HR o f 7 .26 in a sex-stratied, age-adjusted Cox propor­
tional model for stage 1 patients. A similar correlation was 
observed for stage 23 patients, with an HR of 26.16. Many 
researchers have shown that the prevalence of hypertension 
in South Asian populations is higher than that in western 
populations [26]. These results strongly suggest that tight 
control o f blood pressure, particularly in the early stage of 
CKDu, has a benecial effect to slow down disease 
progression.

CKDu stage was the only factor identied to have a 
correlation with death, with HRs o f 3.0 and 2.94 by uni­
variate (sex-stratied and age-adjusted) and multivariate 
Cox proportional model analysis, respectively. This result 
is supported by the fact that almost all reported deaths were 
in patients with stage 4  or 5 disease. In contrast, many 
studies have reported that CKD patients in western coun­
tries frequently die before developing end-stage CKD [27 
29]. The reason for this could be the difference in age at 
disease initiation, because in many countries, CKD is

common in the older age groups [30]. In the elderly pop­
ulation, eGFR is reduced in the normal aging process, but 
elderly patients have a greater mortality risk when com­
pared with younger patients with the same eGFR range 
[30]. Therefore, it is likely that elderly patients will die in 
the middle o f the disease process rather than reaching the 
end stage of CKD. However, our CKDu cohort was rela­
tively younger than the cohorts that have been studied in 
other countries [15, 24, 25]. Thus, we can imagine that 
these CKDu patients would survive until they reach end- 
stage CKD, in contrast to the population who are already in 
the latter part of their life when they begin the disease 
process.

Our study had a number of limitations. The study was 
started at the initiation of community screening in this 
endemic area; therefore, we could recruit only a limited 
number o f patients. We used the MDRD formula for esti­
mation for GFR, which has not been validated for the Sri 
Lankan population and across the age range. Therefore, the 
use of eGFR for staging the patients might not have 
reected the actual GFR for this population. For the 
exclusion o f diabetes mellitus, we used a cut-off HbAlC 
level of 6.5% . However, previous studies have shown that 
such a cut-off level misses a substantial number of people 
with type 2 diabetes, including some with fasting hyper­
glycemia, as well as people with impaired glucose toler­
ance [31]. Therefore, there is a possibility that we might 
have recruited some diabetic patients in this cohort because 
of misdiagnosis.

Conclusions

In this study, we tried to determine factors possibly asso­
ciated with progression and mortality of CKDu in a single­
center cohort registered in the Medawachchiya regional 
clinic in Sri Lanka. We repeatedly found an association 
between disease progression and hypertension. Men were 
at higher risk of CKDu than women. A signicant pro­
portion o f the patients in this cohort were underweight, 
indicating a need for future studies on the nutritional status 
o f these patients. Compared with ndings in western 
countries and other regions o f Asia, younger age at disease 
onset, equal patient distribution in different age groups, 
faster disease progression in those with hypertension, 
deaths occurring mostly in end-stage CKDu, and relatively 
higher mortality rate are some of the characteristics that 
were identied in this cohort.
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