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Abstract

Background: The rising prevalence of chronic kidney disease (CKD) and subsequent end stage renal fa,lure 
necessitating renai replacement therapy has profound consequences for affected individuals and health care 
resources. Tins community based study was conducted to identify potential predictors cf microalbuminuria in a 
randomly selected sample of adults from the North Central Province (NCP! of Sri Lanka, where the burden of CKD 
is pronounced and the underlying cause sti'l unknown.

Methods: Exposures to possible risk factors were determined in randomly recruited subjects (425 females and 461 
rna os) from selected areas of the NCP of Sri Lanka using an interviewer administered questionnaire. Sulphosalicylic 
acid and the I igh: Dependent Resister m iaoabum in gel filtration method was used for initial screening for 
microalbuminuria and reconfirmed by the M iaal strip test.

Results: Microalbuminuria was detected n 6.1% of the females and 8.5% of the males. Smoking (p < 0.001), alcohol 
use (p =  0.003). hvpertensor (p < 0.001), diabetes (p < 0001), urinary tract infection (UTI) (p = 0034) and 
consumption of water from wells in the fields (p -  0.025) were associated with microalbuminuria. In the binary 
logistic regression analysis, hypertension, diabetes meilitus, UTI, drinking well water in the fields, smoking and 
pesticide spraying were found to be significant predictors of microalbuminuria.

Conclusions: Hypertension, diabetes meilitus, UP, and smoking are known risk factors for microalbuminuria. The 
association between microalbuminuria and consumption of wel, water suggests an environmental aetiology to 
CKD in NCP. The causative agent is ye: to be identif ed. Investigations for cadmium as a potential causative agent 
needs to be initiated
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Background
There is an increasing trend in mortality and morbidity 
due to ch ro n ic  kidney d isease  (C K D ) in Sri Lanka. 
Although epidem iological data are lacking at present, 
this burden is even more pronounced in the North C en­
tral Province (NCP) o f Sri I.anka where the underlying 
cause of CKD remains unrecognised [1].

T h e  N CP was the seat o f Sri Lanka's an cien t k ing­
doms and the centre o f civilization and Buddhism. The 
province extends over 10 530 m3 in the dry zone o f the 
cou ntry  and has a so p h istica ted  irrig a tio n  system  o f 
water storage reservoirs. D espite its unique history and
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cu lture, NCP has been a fertile  ground for in fectious 
diseases such as malaria and Japanese encephalitis in the 
pasL CKD is a m ajor health problem  in the province at 
present.

T h ere  may he unrecognized environm ental toxins or 
occupational exposures giving rise to CKD in the region, 
but this rem ains unproven. C h ronic kidney disease o f 
uncertain aetiology (CKDu) in this region mainly affects 
males from poor socio -econom ic backgrounds who are 
involved in paddy farming raising the possibility o f agro­
chem ical exposure as a cause for CKDu. Rena] biopsy 
stud ies revealin g  a tu b u lo -in te rs tit ia l n ep h ritis  with 
m inim um  in flam m ation  and early fibrosis in patients 
with early C K D u also favours a com m on aetio log ica l 
factor and possibly a toxin  m ediated renal disease |2|. 
R ecen t work done by us in d icates  an en v iro n m en tal
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aetiology. In the case-control study, being a farmer (p < 
O.OOL), using pesticides (p < 0 .001), drinking well water 
(p < 0.001), having a family history o f renal dysfunction 
(p = 0.001), use o f ayurvedic treatm ent (p < 0.001) and 
a history o f snake bite (p < 0.001) were found to be risk 
factors for CKDu [3). The present study examines these 
risk factors further in the com m unity setting through 
d etection  o f  m icroalbu m inu ria , an early ind icator of 
renal damage.

Methods
A nuradhap ura, the m ain d is tr ic t in the N CP o f Sri 
Lanka, is subdivided in to 25 divisional secretariat areas. 
T he d istrict population was 745 693  according to the 
last census in 2001. Based on statistics from the Anur- 
adhapura T each in g  H ospital, su b je c ts  w ere selected  
from three divisional secretary areas namely, Medawach- 
chiya and Padaviya which had the highest reported cases 
o f CKDu and Rajanganaya which had a relatively low 
incidence o f CKDu.

From each divisional secretary area, 3 grama-niladari 
divisions, the smallest administrative units in the coun­
try that typically have approxim ately 2 0 0 -2 5 0  house­
holds and a population o f 8 0 0 -1 0 0 0 , w ere random ly 
selected. From each gram a-niladari division, 60 house­
holds were randomly selected from the voters register. 
All adults over 18 years were requested to participate in 
the study and attend  the special c lin ic  condu cted  in 
each area. O f th e  to ta l 1110 ad ults in the selected  
households, 886 participated in the study.

Blood pressure m easurem ents were taken using stan­
dard procedures and a physical exam ination conducted 
on all sub jects by a physician. A structured  pre-tested 
in terv iew er-ad m in istered  q u estio n n a ire  was used to 
obtain personal data and inform ation on risk factors and 
past m edical h istory . T h e  farm ers w ere questioned  
further to find out details regarding the use of pesticides.

A spot urine sample was collected and urinary microal­
bumin was estimated by precipitating with 25% sulphosa- 
licylic acid using the Light D ependent Resister m icro­
albumin gel filtration method. T his test detects albumin 
con centrations in the range o f 1 0 -2 0 0  m g/L with 83% 
sensitivity and 73% specificity [4 j. Positive results were 
reconfirm ed for m icroalbum inuria by the M ic r a l  strip 
test (Roche diagnostics) in an early morning urine sam ­
ple. Those who were found to have positive results for 
both were considered as having microalbuminuria.

Data were double entered and analyzed using SPSS 
(Statistica l Products and Service So lu tions, C hicago, 
USA) version 13.0. Associations between variables were 
tested using independent sample t-tests, chi square tests, 
Fisher's exact tests and Odds ratios. Ninety-five percent 
confidence intervals were calculated for the Odds ratios.

Binary logistic regression analysis was done to control 
for confounding factors.

E th ical c learan ce  was obtain ed  from  the Ethical 
Review C om m ittee o f the Faculty of Medical Sciences, 
U niversity o f Sri Jayewardenepura. W ritten  informed 
consent was obtained using an approved consent form. 
All participants with microalbuminuria were referred to 
medical clinics conducted at Teaching Hospital, Anur­
adhapura or Medawachchiya hospital.

Results
The sample comprised 425 females and 461 males. The 
males were significantly older (p = 0 .016), taller (p < 
0 .0 0 1 ) and heavier (p < 0 .0 0 1 ) as com pared  to the 
females (Table 1).

A sig n ifican tly  h igher p ercentage of m ales were 
involved in agriculture (p = 0 .001) and pesticide spray 
activities (p < 0.001) as com pared to the females. The 
sou rce  o f drinking w ater at hom e was sim ilar in the 
fem ales and the m ales. However, fem ales used water 
from home in the field more often than the males (p = 
0 .003). A higher percentage o f males consumed water 
from wells in the fields as compared to the females (p = 
0.001).

M icro -a lb u m in u ria  was d etected  in 6.1%  o f the 
fem ales (n = 26) and 8.5% o f the males (n = 39) who 
participated in the study. A significantly higher percen­
tage o f subjects with m icroalbum inuria had previously 
smoked (p < 0.001), consumed alcohol (p = 0.003), pre­
viously been treated for hypertension (p < 0.001), dia­
betes (p < 0.001) and urinary tract infection (UTI) (p = 
0.034) and consumed water from wells situated in fields 
(p = 0.025) as compared to those with no microalbumi­
nuria (Table 2).

In the binary logistic regression analysis the significant 
predictors o f m icroalbum inuria were history of hyper­
tension, diabetes mellitus, U TI, drinking well water in 
the fields, history o f smoking and involvement of pesti­
cide spraying (Table 3). Subjects with a history of hyper­
tension, diabetes mellitus and smoking were over threc- 
and-a half times m ore likely to have microalbuminuria 
as compared to those who had no such history'. Subjects 
who drank well water in the field were approximately 
twice as more likely to have microalbuminuria as com ­
pared to th o se  who did not. S ignificantly , pesticide 
spraying was found to be protective.

Discussion
Diabetes mellitus, hypertension, smoking, past history of 
urinary tract infections, pesticide spraying and consump­
tion o f water from a well situated in the field were sig­
n ificant predictors o f m icroalbum inuria in the study- 
population.

223



Wanigasuriya et al. BMC Nephrology 2011. 12:32
http://www.Diomedceniral.eom/1471 -2369/12/32

Table 3 Summary results of logistic regression analysis (both male and female participants included)

Variable Regression coefficient p-value Odds Ratio 95% confidence interval of odds ratio

intercept -3.492

History c '  hypertension13 1.539 < 0 001 4,658 2.578 - 8.414

History of D ab c 'tc s  mellitus1’ 1.343 0.00! 3.832 1.735 - 8.465

History o f  u r n a y  traa infection' -0.706 0,098 0.493 0.214 • 1,138

Dunking well water a: the le lc 0 0.650 0.037 i y i6 1.041 • 3.527

History o f  srrok in gc 1.638 < o.oir. 5.147 2.568 - 10.314

Involved n pesticide Spraying1 -0.835 0.024 0434 0210  ■ 0.898

* Reference category is no history of hypertension. 

b Reference category is no history of diabetes meilitos. 

c Reference category is no history of urinary tract infection. 

d Reference category is not using drinking water from a wcil in the field. 

e Reference category is no history of smoking.

'  Reference category is not involved in pesticide spraying.

fish, was also found to be high in the region [10]. Rice, 
the staple food, fish and lotus rhizom es are frequently 
consumed by the local community. In Southeast China, a 
major source of cadmium exposure in the general popu­
lation is the consum ption o f cereals, particularly rice, 
vegetables and shellfish [11J.

In this study, subjects with a history of smoking were 
five times more likely to have microalbuminuria as com ­
pared to those who had no such history. It is known 
that smoking increases the risk of nephropathy in dia­
betic individuals. The Multiple Risk Factor Intervention 
Trial found an increased risk for end-stage renal disease 
in sm okers as com pared  to n o n -sm o k ers w hich was 
independent o f age, ethnicity, incom e, blood pressure, 
diabetes mellitus or a history o f ischaem ic heart disease 
[ 12] ,

From the findings o f  this study, it may be postulated 
that ground water in the fields and cigarettes (and possi­
bly certain food items consumed by this population), are 
likely sources o f an environm ental toxin . T here  is an 
urgent need for studies to identify the toxin for effective 
interventions to be tested. Although we cannot implicate 
a particular toxin based on findings o f the present study 
we postulate that Cd may well be the toxin in question 
and propose that fu rther w ork be done to te st this 
hypothesis. N ephrotoxicity in hum ans caused by high 
level exposure to Cd is known. Itai-itai disease following 
mass Cd p oison in g  due to  co n tam in ated  w ater in 
Toyama Prefecture, japan is documented [13,14]. In the 
next section , we p resent reasons for gen eratin g  this 
hypothesis.

Cd as a likely cause of CKDu
T his study reco n firm s previous findings o f drinking 
water from wells situated in the field being a significant 
predictor o f early CKDu [3]. T he wells situated in the 
fields could have high con centrations o f  Cd and other

toxic com pounds than wells situated in hom e gardens, 
due to the extensive use o f pesticides and fertilizers in 
paddy cultivation in the study area, a possible source of 
Cd. W hether fertilizers and pesticides used in this pri­
marily agricultural setting are the sources o f Cd in soil 
and reservoirs is not known. T he concentrations o f Cd 
and other heavy m etals in different inorganic fertilizers 
and in pesticides have been evaluated together with the 
contribution  o f these m etals in soils from their use in 
rice farm ing areas in Spain [15], Fertilizer (superpho­
sphate) and the three pesticides analyzed contained high 
am ou nts o f  Cd. A study on the p o ten tia l im p act of 
heavy metals on groundwater as a result o f fertilizer use 
suggests sig n ifican t p oten tia l groundw ater pollu tion 
from Cd, Se, M o and U caused as a result o f long-term 
use o f phosp hate fertilizers . T h e  p o ssib ility  for Cd 
reaching the groundwater system through soil-com part­
ments is indicated. Poor de-silting o f reservoirs in NCP 
could  lead to progressive rise in Cd levels in w ater 
which in turn feed the paddy cultivation [16], It is also 
possible that high levels o f cadm ium could be co n cen ­
trated in well water in polluted locations. In addition, 
farm ers clean contam inated  spraying equipm ent near 
the field well after spraying pesticides. Heavy metal con­
centrations in well water in the study area, however, are 
yet to be estimated.

In a review that focused on studies o f the prevalence 
o f C d -related  kidney d ysfunction  am ong population 
groups resid ing in Cd con tam in ated  areas in C hina, 
dose-response relationships are shown between urinary 
Cd and the prevalence o f increased levels o f biomarkers 
o f renal damage. B iom arkers o f renal tubular dysfunc­
tion such as urinary beta-2-m icroglobulin  or N -acetyl- 
beta-D -glucosam inidase and o f glom erular kidney dys­
function (urinary albumin) were found to be associated 
with Cd exposure [17]. The factors that influenced these 
d ose:resp on se relationships included m etalloth ionein
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mRNA levels, in creased  levels o f  au to  an tib o d ies in 
b lo o d /p lasm a ag a in st m e ta llo th io n e in  and Typ e II 
diabetes.

Increased susceptibility to Cd-induced renal damage in 
diabetes has been shown in population groups in China 
and A ustralia [1 8 ,1 9 ]. D iabetes m cllitus may increase 
the risk o f Cd-induced kidney damage. M etallothionein 
plays a critical role in p rotectin g  anim als and hum ans 
against C d -ind uced  n ep h ro to x ictiy  [2 0 -2 2 ]. T h e  p re­
sence o f  m etallo th io n ein  antibody (M T -A b ) increases 
the susceptibility for tubular damage among Cd workers. 
In persons with type II diabetes, increased levels o f auto 
antibodies against m etalloth ionein  in blood plasma was 
observed  at urinary Cd levels around 1 m icrogram /g  
creatin ine [18]. T he authors claim  that the presence o f 
M T -A b can potentiate tubular dysfunction am ong dia­
betic subjects and that patients with high M T -A b levels 
are m ore p ro n e  to d ev e lo p m en t o f  tu b u lar dam age. 
W hether M T -A bs is found in the current study popula­
tion is not known. If Cd exposure is found to be signifi­
cant in the study area, susceptibility' for renal damage is 
m ore likely in the presence o f  M T -A b . M oreover, it is 
possible that d iabetes m ellitus in the study population 
may increase the risk o f  Cd-induced kidney damage as 
rep o rted  p rev iously . T h e s e  p o stu la tio n s  need to be 
investigated before a definitive cause o f  CKDu can be 
established in the NCP o f Sri Lanka. A recent review on 
Cd, diabetes and CK D  concludes that Cd may be a fac­
tor in the developm ent o f som e types o f d iabetes and 
the authors raise the possib ility  that Cd and diabetes- 
related hyperglycaemia may act synergistically to damage 
the kidney [23].

Further, cigarette tobacco  is known to contain appre­
ciable am ou nts o f cadm ium  with the accum ulation  of 
cadm ium  in sm o kers being related  to the num ber o f 
p ack-y ears sm oked  |24], S tu d ies  have d em o n stra ted  
early low -level cadm ium  exp osure in sm okers to have 
nep h rotoxic e ffect on  b oth  the glom eruli and tubules 
[25],

In the present study the apparent protective effect of 
pesticide exposure on the o ccu rren ce  o f m icroalbu m i­
nuria was an unexpected finding. It is likely that som e 
confounding factors may have contributed towards this 
unexpected finding. T rad itio n ally  pesticide spraying is 
carried out by young healthy adults whereas m icroalbu­
minuria in diabetes and hypertension are generally seen 
in older age groups. It is also possible that early disease 
may have resulted in a healthy w orker effect w hereby 
only the healthy persons may have been involved pesti­
cide spray activities.

Conclusions
H ypertension, diabetes m ellitus. UT1, and sm oking are 
know n risk facto rs  for m icroalbu m inu ria . A part from

these risk factors m icroalbum inuria is associated with 
drinking well water from agricultural fields in the NCP 
o f Sri Lanka. A lthough it is not possible to draw firm 
causal conclusions from this study due to the cross-sec­
tional nature o f it, the findings are helpful in directing 
future longitudinal and interventional studies that are 
urgently needed to estab lish  definitive causality and 
identify  re levan t p ro tectiv e  m easu res. W e propose 
further work be done to test Cd as a possible toxin in 
the occurrence of CKDu in the NCP of Sri Lanka.
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Table 1 Dem ographic characteristics of sample population

Variable Females (n = 425) Males (n = 461) p-value

Mean (SO) age (years) 30.53 (20.60) 33.63 (17.4) 0.016

Mean ;SD) height (cm) 62.68 (75.15) 81.90 (81.23) <0.001

Mean (SD) weight (kg) 25.68 (24.87) 37.09 (2481) < 0.001

Number (%) by uccupui-on

Agriculture based 302 (71.1) 393 (85.2) 0.001

Other 123 (28.9) 68 (14.8) < 0.001

Number (%) invo.veri in pesticide spraying 45 (14.8) 321 (81.7) < 0.001

Number 0*5 by source of drinking water at home

Well 388 (93.9) 425 (93.0) 0.572

Stream 9 (2.2) 19 (4.2) 0099

Pipe 24 (5.8) 19 (42) 0.261

Tube well 17 (4.1) 2 7  (4.8) 0.619

Other 0 (0.0) '  (0.2) 0.525

Number (%) by but'cc of dunking water ir  the field

From home 252 (79.7) 286 (69.9) 0.003

Well in the field 10S (33.2) 187 (45.7) 0.001

Other 19(6.0) 36 (8.8) 0.150

Estimation of microalbuminuria is recommended as a 
screening test to d etect patients at an early stage of 
CKD. Currently, microalbuminuria is defined as urinary 
albumin excretion between 2 0-200  m g/g in men and 30- 
300 mg/g in women, using the urinary album in-to-crea- 
tinine ratio in a random urine sample; 3 0 -3 0 0  m g/24 h, 
if measured in a 24 h urine collection; or 20-200  micro- 
gram s/m in, if m easured in a tim ed (e.g. 4  h or over­
night) urine co llectio n  f5]. A urinary album in  
concentration below these limits is considered as normal 
excretion. The sulphosalicylic acid test was used as a 
cost effective screening test to detect microalbuminuria 
and the m i c r a t  tes t  was used for confirmation. M icroal­
buminuria is an independent p red ictor for end stage 
renal disease in patients with diabetes mellitus or hyper­
tension and, is used as an index of renal involvement. In 
this study, m icroalbum inuria was detected  in 6.1% of 
the females and 8.5% of the males. Similar findings were 
reported from  USA in which m icroalbum inuria was 
detected in 6.1% of men and 9.7% of women in the gen­
eral population [6|. In 19 848 elderly South-East Asians, 
proteinuria (defined as > 1 +  protein on urine dipstick  
analysis) was found in 8.5%  of previously undetected  
Singaporeans, after excluding the 1.1% who had p re­
existing renal disease (7). In the Third National Health 
and N utrition Exam ination  Survey con du cted  in the 
USA, the prevalence of microalbuminuria' was 28.8% in 
persons with previously diagnosed diabetes, 16.0% in 
those with hypertension, and 5.1% in those without dia­
betes, hypertension, cardiovascular disease, or elevated 
serum creatinine levels [61. The authors concluded that

m icroalbu m in uria  is co m m o n , even am ong persons  
without diabetes or hypertension.

A lthough diabetes m ellitus and hypertension are  
known to cause CKD, it is likely that these conditions 
are associated with CKD in som e populations, rather 
than being its cause. The high prevalence of microalbu­
minuria and its strong association with diabetes mellitus 
and hypertension in areas of high prevalence of CKDu 
investigated by us may be due to the involvement of a 
com m on aetiological factor which may be implicated in 
the occurrence of CKDu, hypertension and an increased 
susceptibility to renal damage in diabetes mellitus.

Deficiencies or excesses of trace element compounds in 
water or soil is known to have an impact on the health of 
the inhabitants of the terrain. This is particularly evident 
in certain areas of the dry zone of Sri Lanka where a high 
prevalence of dental fluorosis is found due to the high 
fluoride content in ground water [8] and a high preva­
lence of endemic goitre is found in the wet zone due to 
iodine deficiency [9]. Reservoirs arc the main source of 
irrigation for paddy lands in the N CP of Sri Lanka while 
drinking water in the rural areas is obtained mainly from 
wells. O ther investigators have found high levels of Cd, 
Ee and Pb in five reservoirs in the same study area [10], 
Dissolved Cd in reservoir water and sediment was 0.03 to 
0 .0 6  m g/L  and 1.78 m g/L , respectively. This is m uch  
higher than the M axim um  C ontam inant Level Goal of 
0.005  m g/L or 5 ppb recom m ended by the US Environ­
ment Protection Agency. Cd content in lotus rhizomes 
was 2 5 3 .8 2  m g/kg. T he Provisional Tolerable W eekly 
intake of Cd, based on the extrem e exposure by rice and
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Table 2 Exposure to possible risk factors and the presence of albuminuria

Variable Number (%) of subjects with

no albuminuria n albuminuria n

Odds ratio (95% Cl) p-value*

Farmers Yes 814 630 (77.4) 63 52 (82.5) 1.331 0.344

No 184 (22.6) 11 (17.5) (0.706-2.701)
Involved ;n pesticide spraying Yes 812 330 (40.6) 61 25 (41.0) 1.014 0.958

No 482 (59.4) 36 (59.0) (0.598-1.722)

History of pesticide poisoning Yes 813 38 (4.7) 63 2 (3.2) 0.669 0.439°

No 775 (95.3) 61 (96.8) (0.158-2838)

History o f smoking Yes 813 176 (216) 63 29 (46.0) 3.087 < 0001

No 637 (78.4) 34 (54.0) (1.830-5207)

History of alcohol use Yes 814 220 (27.0) 63 28 (44.4) 3.087 0.003

No 594 (7-3.0) 35 (55.6) (1.830-5207)

Treatcd for Hypertension Yes 813 114 (14.0) 63 27 (42.9) 2.160 < 0001

NO 599 (86.0) 36 (57.1) (1.284-3.635)

Treated for Diabetes Me litus Yes 812 41 (5.0) 63 13 (20.6) 4.889 < 0.001

No 771 (950) 50 (79.4) (2.461-9.712)

Acute Glomerular Nephritis Yes 814 2(0.2) 62 0 (0.0) 0.929 0.863°

No 812 (99.8) 62 (100.0) (0.912-0.9461

Renal stones Yes 814 32 (3.9) 63 1 d.6) 0.394 0.298"

No 782 (96.1) 62 (98.41 (0.053-2.933)

Urinary Tract Infection Yes 814 199 (24.4) 63 S (12.7) 0450 0,034

No 615 (75.6) 55 (87.3) (0.211-0.960)

Chronic drug use Yes 813 43 (5.3) 62 5 (8.1) 1.571 0248°

No 770 (94.7) 57 (91.9) (0599-4.120)

Use of Ayurvedic Treatment Yes 814 551 (67 7) 27 45 (71.4) 1.193 0.540

No 263 (32.3) 18 (28.6) (0.678-2.102)

Snake bite in the past Yes 813 95 (11.7) 63 10(15.9) 1.426 0324

\ 0 718 (88.3) 53 (84.1) (0.702-2.897)

D-inking water source

a) at home

Well Yes 799 732 (916) 63 61 (96.8) 2.792 0 102*=

No 67 (8.4) 2 (3.2) (0.668-1.671)

Stream Yes 799 27 (3.4) 63 0 (0.0) 0.925 0.125°

No 772 (96.6) 63 (1000) (0.907-0.943)

Pipe borne Yes 799 40 (5.0) 63 2 (3.2) 0.622 0.393°

No 759 (95.0) 61 (6.8) (0.147-2.636)

Tube well Yes 799 35 (4.4) 63 2 (3.2) 0.716 0.483°

No 764 (95.6) 61 (96.8) (0.168-3.047)

Oilier Yes 799 1 (0.1) 63 0 (0.0) 0.927 0.927°

No 798 (99.9) 63 (100.0) (0.910-0.944)

b) in the field

From home Yes 814 496 (60.9) 63 37 (58.7) 0.912 0730

No 318(39.1) 26(41.3) (0-542-1536)

Well Yes 814 251 (308) 63 28 (44.4) 1.794 0.025

NO 563 (69.2) 35 (55.6) (1.068-3.014)

Other Yes 814 51 (6.3) 63 1 (1.6) 0241 0 097°

No 763 (93.7) 62 (984) (0.033-1.776)

'Ch i square test 

Wishers exact test.
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