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INTRODUCTION 

Chronic kidney disease (CKD) claims thousands of lives 

every year throughout the world.1 According to WHO 

records, it was the seventh most common cause of death 

in Sri Lanka in 2012.2 Kidney Disease: Improving Global 

Outcomes (KDIGO) Work Group on Evaluation and 

Management of Chronic Kidney Disease defines CKD as, 

kidney damage or glomerular filtration rate (GFR) <60 

ml/min/1.73 m2 for 3 months or more. It is classified into 
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ABSTRACT 

 

Background: Dyslipidemia and impaired glucose tolerance are common complications of chronic kidney disease 

(CKD) and are responsible for increased cardiovascular risk. Studies on lipid profile and glycemic status in CKD of 

unknown origin (CKDu) are scarce. The objective of this study was to evaluate the lipid profile and glycemic status of 

the patients with CKDu and to aid in preventing morbidity and mortality.  

Methods: The descriptive, cross sectional study was conducted in a rural CKDu endemic area, Girandurukotte.  Data 

was collected from February 2018 to June 2019. For the diagnosis of CKDu, history and clinical features with 

supportive biochemical, renal biopsy and radiological evidence were taken as criteria. Blood samples were taken for 

serum creatinine, lipid profile and HbA1C. Already diagnosed patients with diabetes mellitus and dyslipidemia were 

excluded. 

Results: A total of 168 patients within the age range of 32-66 years (mean 50.3±7.7) were participated. There were 

106 males (63%) 46.4% were farmers. Majority of the patients (65.5%) had normal body mass index (BMI) (mean 

22.9 kg/m2, normal range 18.5-23.5%) followed by overweight (23.5-30 kg/m2) in 55 (32.7%) patients. The 

prevalence of dyslipidemia in CKDu was found to be 55.9%.  Majority of the abnormality was seen in the HDL group 

with 68 (40.5%) patients having low HDL cholesterol (mean 44.7 mg/dl, SD=12.3).  There was a significant rise in 

the serum triglyceride concentration (>150 mg/dl) in 53 (31.5%) (mean 152.4 mg/dl, SD=73.5) and total cholesterol 

(>200 mg/dl) in 30 (18%) patients (mean 182 mg/dl, SD=36.9). LDL cholesterol abnormality (>130 mg/dl) was seen 

in only 9 patients (mean 88.7 7658mg/dl, SD=25.4). From the total, 144 (85.7%) patients had abnormal HbA1C 

levels; 27 (16.1%) patients had HbA1C levels between 5.7% and 6.4% (pre-diabetes), and 117 (69.6%) patients had 

HbA1C level more than 6.5% (diabetes mellitus). There was no statistically significant association between HbA1C 

levels and BMI (p=0.29) or HbA1C and lipid abnormalities (p=0.32) 

Conclusions: The high prevalence of dyslipidemia, pre-diabetes and diabetes mellitus in patients with CKDu may 

accelerate the progression of chronic kidney disease and increase the risk of cardiovascular disease. Early detection, 

initiation of appropriate medication and early referral to the expertise will ameliorate morbidity and mortality.  
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five stages based on glomerular filtration rate (GFR).3 

Diabetes mellitus, hypertension, and glomerulonephritis 

are the leading causes for CKD. 

However, since 1990 a new form of CKD which cannot 

be attributed to diabetes, hypertension or other known 

etiologies has been described predominantly in some low 

and middle income countries, including El Salvador, 

Nicaragua, Egypt, India and Sri Lanka.4 In Sri Lanka, 

CKDu was first discovered among young paddy 

cultivators in North Central province.5 Since then high 

prevalence of CKDu were reported from several other 

areas in dry zone of the country. Even though several 

studies have been conducted worldwide to identify the 

etiology, the name CKDu remains appropriate because 

the cause of this disease remains unknown. However, it 

has been revealed, CKDu is more common among young 

male farmers during the productive age.6,7 Although, the 

specific causative or critical factor of CKDu has yet to be 

identify,  multiple insults due to adverse geo-

environmental conditions, poor quality of water, 

agrochemicals, diet with possible contaminants, 

unhealthy nutritional practices, risk behaviors and 

genetics seems to be contributing for the disease 

occurrence.8 

CKD and invariably the CKDu are linked with several 

complications due to lower levels of kidney functions for 

a long period.9 These complications contribute to high 

morbidity, mortality and poor quality of life.10 Among 

these complications, cardiovascular diseases (CVD) play 

a major role and it is reported by previous researchers 

that risk of mortality from CVD is 8.1-fold greater in a 

patient with End Stage renal diseases than in a reference 

population without kidney disease.11 Dyslipidemia and 

impaired glucose tolerance are among contributors of 

increased cardiovascular risk.  

Early diagnosis and take relevant measures to minimize 

the complications related to dyslipidemia and glucose 

intolerance is very important to enhance the health status 

of the CKDu patients. However, the studies conducted on 

the lipid profile and glycemic status in CKDu in Sri 

Lanka are limited. Hence, the ultimate objective of this 

study is to aid the CKDu population to enhance their 

quality of life by evaluating the lipid profile and glucose 

status. The results of this study will be beneficial for the 

entire nephrology community to provide a quality care to 

the CKDu patients.  

METHODS 

Study site 

The study was conducted in a rural CKDu endemic area 

in Sri Lanka; Girandurukotte. Following a screening 

program, they underwent serial blood investigations, ultra 

sound imaging and renal histology evaluation for the 

diagnosis of CKDu.  

Study population and study period 

The patients who met with all the inclusion criteria were 

recruited into the study. There was no distinction between 

male and female patients. Data was collected from 

February 2018 to June 2019. 

Inclusion criteria 

All patients suffering from either stage 3 or 4 CKD 

(eGFR of 15-59 ml/min/1.73 m2, according to MDRD 

formula); patients within the age range of 20-80 years; 

and all patients who gave informed written consent for 

enrolling into the study. 

Exclusion criteria  

Already diagnosed patients with diabetes mellitus, liver 

disease; already diagnosed patients with dyslipidemia; 

female patients who were pregnant; patients with acute 

renal failure and nephrotic syndrome; and all patients 

who have refused to give informed written consent for 

the study  

Study design 

It was a descriptive, cross sectional study. Ethical 

clearance for the study was taken by the ethical 

committee of National Hospital, Kandy.  

Diagnosis of CKD and CKDu 

Diagnosis and staging of CKD was performed according 

to the kidney disease improving global outcome 

(KDIGO) 2012 clinical practice guideline for the 

evaluation and management of CKD. Diagnosis of CKDu 

was performed using the Case definition of Chronic 

Kidney Disease of Unknown Etiology (CKDu) Sri Lanka 

2018 Update.12 

Sample collection 

Venous blood sample for lipid profile was collected after 

12 hours overnight fast. Another venous blood sample 

was taken for renal functions, full blood count and 

HbA1C. Along with them urine examination was 

performed.  Serum lipid profile (total cholesterol (TC), 

high density lipoprotein cholesterol (HDL-C), 

triglycerides (TGs) and very low-density lipoprotein 

(VLDL)) was estimated by enzymatic method on 

automated analyzer. Low-density lipoprotein cholesterol 

(LDL-C) was calculated according to the Friedewald`s 

Formula (LDL=TC-HDL-TG\5)*. 

Statistical methods 

All statistical data were analyzed using appropriate tests. 

Pearson’s Chi- square test is used to assess the 

association of different study parameters. Continuous 

variables were analyzed using Mean±standard deviation. 
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P value of <0.05 was considered statistically significant 

and p value <0.01 was considered very significant. SPSS 

23 (trial version) software was used for data analysis. 

RESULTS 

Age and sex distribution 

A total of 168 patients within the age range of 32-66 

years were participated (Table 1). Mean age of the 

patients in this study was 50.3 years (SD=7.7). Majority 

of the patients was within the age range of 41-60 years.  

Table 1: Age distribution.  

Age in years  Number of patients (%) 

31-40 17 (10.1) 

41-50 66 (39.3) 

51-60 66 (39.3) 

61-70  19 (11.3) 

There were 106 males (63.1%) and 62 females (36.9%).  

Occupation 

Majority of the patients in this study were from low 

socioeconomical status, among the participants 46.4% 

were doing agriculture or agriculture-related profession. 

Most women were unemployed (Table 2). 

Table 2: Occupations of the patients. 

Occupation Number of patients (%) 

Teacher 5 (3) 

Fishing  2 (1.2) 

Army officer 3 (1.8) 

Police man  3 (1.8) 

Post man  2 (1.2) 

Sales man 2 (1.2) 

Farmer 78 (46.4) 

Driver 13 (7.7) 

Carpenter  6 (3.6) 

Clerk 3 (1.8) 

Self employed 22 (13.1) 

Unemployed 29 (17.3) 

Personal habits 

Majority of the patients (158) in this study were not 

consuming alcohol, only 10 (5.9%) patients were 

drinking alcohol. There were 34 (20.2) smokers. Twenty-

two (13%) patients were vegetarian.  

Body mass index 

Total of 110 patients (65.5%) had normal body mass 

index (BMI) (mean 22.9 kg/m2, normal range 18.5-

23.5%) followed by overweight (23.5-30 kg/m2) in 55 

(32.7%) patients (Table 3). 

Table 3: BMI of the patients. 

BMI (kg/m2) Number of patients (%) 

<18.5 2 (1.2) 

18.5-23.5 110 (65.5) 

23.5-30 55 (32.7) 

>30 1 (0.6) 

Lipid profile 

The prevalence of dyslipidemia in CKDu was found to be 

55.9%. Majority dyslipidemia was seen in the HDL group 

with 68 (40.5%) patients having low HDL cholesterol of 

less than 40mg/dl. Mean value was 44.7 mg/dl with the 

standard deviation (SD) of 12.3.  HDL-C values ranged 

between 22.6 mg/dl to 95.5 mg/dl. 

There was a significant rise in the serum triglyceride 

concentration more than 150 mg/dl in 53 (31.5%) 

patients. Its mean value was 152.4 mg/dl and SD was 

73.5. Triglyceride values in the study ranged between 

43.2 mg/dl to 421.3 mg/dl.  

Total cholesterol (TC) of more than >200 mg/dl was 

observed in 30 (18%) patients with the mean value of 182 

mg/dl with a SD of 36.9. Lowest value of TC was 91.4 

mg/dl and the highest was 302 mg/dl.  

LDL cholesterol abnormality (>130 mg/dl) was seen in 

only 9 patients which constitute 5.4%. LDL-C values’ 

range was 24.1 mg/dl to 156.5 mg/dl with the mean value 

of 88.7 mg/dl and SD of 25.4.  

Hemoglobin A1C (HbA1C) levels 

From the total, 144 (85.7%) patients had abnormal 

HbA1C levels; 27 (16.1%) patients had HbA1C levels 

between 5.7% and 6.4% (pre-diabetes), and 117 (69.6%) 

patients had HbA1C level more than 6.5% which is 

diagnostic of diabetes mellitus (Figure 1).  

 

Figure 1: Hemoglobin A1C (HbA1C) levels. 
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There was no statistically significant association between 

HbA1C levels and BMI (p=0.29) or HbA1C and lipid 

abnormalities (p=0.32). 

DISCUSSION 

The study consisted of 168 patients with the mean age of 

50.3 years; among them a significant number of patients 

had abnormal lipid profile while the commonest was 

abnormally low HDL cholesterol followed by elevated 

serum triglyceride, total cholesterol and LDL cholesterol. 

The prevalence of dyslipidemia in CKDu patients without 

any prior history of diabetes as calculated in this study is 

found to be 55.9%. An evaluation carried out by National 

Health and Nutrition Examination Survey (NHANES) on 

2001-2010 revealed that the prevalence of dyslipidemia 

increased from 45.5% in CKD stage 1 to 67.8% in CKD 

stage 4.13 In our study on CKDu patients, the 

dyslipidemia prevalence is in keeping with the global 

dyslipidemia prevalence.  

The abnormalities in lipid profile in our study are 

markedly different from the other studies (Table 4). The 

significant abnormality noted in the study population is 

the reduction of HDL cholesterol while in most of the 

other studies they found there is a significant increment 

of serum triglyceride levels. The studies done by Mshelia 

et al and Ganta et al revealed the commonest abnormal 

finding of the lipid profile is elevated triglyceride which 

is 68.3% and 48.43% in their respective studies.14,15 Both 

Ganta et al and Saroj et al showed elevation of total 

cholesterol is a significant finding than the reduction of 

HDL cholesterol in their evaluation.14,16 

 

Table 4: Comparison of abnormalities in lipid profile. 

Study 
Low HDL 

cholesterol (%) 

High triglyceride 

(%) 

High total 

cholesterol (%) 

High LDL 

cholesterol (%) 

Present study 40.5 31.5 18 5.4 

Ganta et al15 21.43 48.43 22.86 12.86 

Saroj et al16 32.5 35.58 33.75 38.03 

Mshelia et al14  63.5 68.3 22.2 17.5 

Khatiwada et al17 34.1 36.6 34.4 35 

 

Of the patient population, 144 (85.7%) patients had 

abnormal HbA1C levels; 117 (69.6%) had HbA1C level 

more than 6.5% which is diagnostic of diabetes mellitus, 

and 27 (16.1%) patients had HbA1C levels between 5.7% 

and 6.4% (pre-diabetes). The exact reasons for high blood 

sugar values in diagnosed CKDu patients have not 

studied yet which need proper workups in future. 

However most of the diagnosed patients are from poor 

socio-economic background and are farmers (46.4%) and 

we have noted once they are diagnosed with CKDu they 

are prone to consume more carbohydrate rich diets which 

may impair the glyceamic control. Even though we 

expect these CKDu patients may have low BMI, in our 

cohort most of them (65.5%) are having normal BMI and 

32.7% of patients are having BMI in the range of 

overweight. This may be due to their dietary habit 

changes following the diagnosis of CKDu.  

It is well identified that cardiovascular disease (CVD) is 

associated with CKD and it is a major contributor for 

morbidity and mortality.18,19 There are several 

documented factors leading to atherogenesis and CVD in 

patients with CKD.20 Those include uremia, anemia, 

dyslipidemia, persistent inflammation, oxidative stress, 

malnutrition, hypertension, hyperphosphatemia and 

hypocalcemia result in vascular calcification and 

endothelial dysfunction.21  

Dyslipidemia is a well-known complication of CKD and 

increases with the severity of CKD.15 One of the 

commonest lipid abnormalities in CKD patients is high 

triglyceride levels.22,23 The reason for 

hypertriglyceridemia in CKD patients is delayed 

catabolism due to reduced activity of lipoprotein lipase in 

uremia.24,25  Secondary hyperparathyroidism may also 

impair catabolism of triglyceride-rich lipoproteins.26 

Suggested other mechanisms are; increased production of 

triglyceride-rich lipoproteins in the liver, and increased 

hepatic VLDL production caused by insulin resistance in 

CKD.24,27  

Reduced serum HDL-cholesterol levels in CKD patient is 

due to several mechanisms. The patients with impaired 

renal function usually have low levels of Apo 

lipoproteins AI and AII.  These Apo lipoproteins are the 

main proteins of HDL.28 Other mechanism is the 

weakened esterification of the free cholesterol in HDL 

particles due to the declined activity of the Lecithin-

cholesterol acyltransferase enzyme, and transfer of 

cholesterol esters from HDL to triglyceride-rich 

lipoproteins due to enhanced activity of cholesteryl ester 

transfer protein.29,30 

In CKD patients, serum total cholesterol is usually 

normal or reduced and sometimes can be elevated 

especially in end stage renal disease patients.31 But in our 

study, 18% of patients showed high total cholesterol 

values. Usually in CKD patients without proteinuria do 

not have alteration in total cholesterol as they do not have 

a significant defect in gene expressions of either HMG-
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CoA reductase or cholesterol 7a-hydroxylase. HMG-CoA 

reductase is the rate-limiting enzyme for cholesterol 

biosynthesis, whereas cholesterol 7a-hydroxylase is the 

rate-limiting enzyme for cholesterol catabolism.31 

Potential adverse effects of dyslipidemia and impaired 

glucose control on coronary vascular disease 

development and renal disease progression emphasize the 

importance of early initiation of dyslipidemia controlling 

therapy in patients with CKD. Clinical trials have proven 

that reduction of LDL leads to decreased cardiovascular 

mortality, but in the CKDu population, this association is 

less clear.32 

CONCLUSION 

The study concludes that, the high prevalence of 

dyslipidemia, pre-diabetes and diabetes mellitus in 

patients with CKDu without prior history of diabetes may 

accelerate the progression of chronic kidney disease and 

increase the risk of cardiovascular disease, and pose a 

health problem in the society. A high degree of 

abnormality is found in HDL cholesterol and serum 

triglyceride in non-diabetic CKDu patients. 

Funding: No funding sources 

Conflict of interest: None declared 

Ethical approval: The study was approved by the 

Institutional Ethics Committee National Hospital, Kandy 

REFERENCES 

1. Kafle K, Balasubramanya S, Horbulyk T. 

Prevalence of chronic kidney disease in Sri Lanka: 

A profile of affected districts reliant on 

groundwater. Sci Total Environ. 2019;694:133767. 

2. WHO. Country statistics and global health estimates 

by WHO and UN partners- Sri Lanka; 2012. 

Available at: https://documentcloud.adobe.com/ 

link/review?uri=urn:aaid:scds:US:defed4b9-f7af-

4780-8b09-d7e5405f07bb. Accessed on 05th July 

2020. 

3. Kidney Disease: Improving Global Outcomes 

(KDIGO) Transplant Work Group. KDIGO clinical 

practice guideline for the care of kidney transplant 

recipients. Am J Transplant. 2009;9:S1. 

4. Weaver VM, Fadrowski JJ, Jaar BG. Global 

dimensions of chronic kidney disease of unknown 

etiology (CKDu): a modern era environmental 

and/or occupational nephropathy? BMC Nephrol. 

2015;16:145  

5. Pry JM, Jackson W, Rupasinghe R, Lishanthe G, 

Badurdeen Z, Abeysekara T et al. A pilot study of 

behavioral, environmental, and occupational risk 

factors for chronic kidney disease of unknown 

etiology in Sri Lanka. BioRxiv. 2019:837393. 

6. Jayasekara KB, Dissanayake DM, Sivakanesan R, 

Ranasinghe A, Karunarathna RH, Priyantha Kumara 

GW. Epidemiology of chronic kidney disease, with 

special emphasis on chronic kidney disease of 

uncertain etiology, in the north central region of Sri 

Lanka. J Epidemiol. 2015;25(4): 275-80. 

7. Wanigasuriya KP, Peiris-John RJ, Wickremasinghe 

R, Hittarage A. Chronic renal failure in North 

Central Province of Sri Lanka: an environmentally 

induced disease. Trans R Soc Trop Med Hyg. 

2007;101(10):1013-7. 

8. Elledge MF, Redmon JH, Levine KE, 

Wickremasinghe RJ, Wanigasariya KP, Peiris-John 

RJ. Chronic kidney disease of unknown etiology in 

Sri Lanka: quest for understanding and global 

implications. In: RTI Press Research Brief. RTI 

press; 2014. 

9. Mathew RO, Bangalore S, Lavelle MP, Pellikka PA, 

Sidhu MS, Boden WE, et al. Diagnosis and 

management of atherosclerotic cardiovascular 

disease in chronic kidney disease: a review. Kidney 

Int. 2017;91(4):797-807. 

10. Bello AK, Alrukhaimi M, Ashuntantang GE, Basnet 

S, Rotter RC, Douthat WG, et al. Complications of 

chronic kidney disease: current state, knowledge 

gaps, and strategy for action. Kidney Int Suppl. 

2017;7(2):122-9. 

11. Levey AS, De Jong PE, Coresh J, Nahas ME, Astor 

BC, Matsushita K, et al. The definition, 

classification, and prognosis of chronic kidney 

disease: a KDIGO Controversies Conference report. 

Kidney Int. 2011;80(1):17-28. 

12. Wijewickrama ES, Gunawardena N, Jayasinghe S, 

Herath C. CKD of unknown etiology (CKDu) in Sri 

Lanka: A multilevel clinical case definition for 

surveillance and epidemiological studies. Kidney Int 

Rep. 2019;4(6):781-5. 

13. Tannock L. Dyslipidemia in chronic kidney disease. 

In: Endotext. 2018. MDText.com, Inc. 

14. Mshelia DS, Buratai LB, Mamza YP. Lipid profile 

in pre-dialysis chronic kidney disease patients 

attending university of Maiduguri Teaching 

Hospital, Maidurugi-Nigeria. Nigerian J Clin Pract. 

2009;12(2). 

15. Ganta V, Yalamanchi RP, Mahanta KC, Sahu B, 

Kota R, Gudipati A, et al. A study of lipid profile in 

non-diabetic chronic kidney disease. Int J Adv Med. 

2016;3:965-70. 

16. Saroj K, Rajendra KC, Sharad G. Thyroid 

dysfunction and dyslipidemia in chronic kidney 

disease patients. Endocr Disord. 2015;15:65.  

17. Khatiwada S, Rajendra KC, Gautam S, Lamsal M, 

Baral N. Thyroid dysfunction and dyslipidemia in 

chronic kidney disease patients. BMC Endocr 

Disord. 2015;15(1):65. 

18. Yamamoto S, Kon V. Mechanisms for increased 

cardiovascular disease in chronic kidney 

dysfunction. Curr Opin Nephrol Hypertens. 

2009;18:181-8. 

19. Baigent C, Burbury K, Wheeler D. Premature 

cardiovascular disease in chronic renal failure. 

Lancet. 2000;356:147-52 

20. van der Zee S, Baber U, Elmariah S, Winston J, 

Fuster V. Cardiovascular risk factors in patients 



Basnayake DB et al. Int J Res Med Sci. 2020 Oct;8(10):3439-3444 

                                                        
 

       International Journal of Research in Medical Sciences | October 2020 | Vol 8 | Issue 10    Page 3444 

with chronic kidney disease. Nat Rev Cardiol. 

2009;6:580-9. 

21. Himmelfarb J, Stenvinkel P, Ikizler TA, Hakim RM. 

The elephant in uremia: oxidant stress as a unifying 

concept of cardiovascular disease in uremia. Kidney 

Int. 2002;62:1524-38. 

22. Attman PO, Samuelsson O. Dyslipidemia of kidney 

disease. Curr Opin Lipidol. 2009;20:293-9. 

23. Tsimihodimos V, Mitrogianni Z, Elisaf M. 

Dyslipidemia associated with chronic kidney 

disease. Open Cardiovasc Med J. 2011;5:41. 

24. Prinsen BH, de Sain-van der Velden MG, de Koning 

EJ, Koomans HA, Berger R, Rabelink TJ. 

Hypertriglyceridemia in patients with chronic renal 

failure: possible mechanisms. Kidney Int Suppl. 

2003;84:S121-4. 

25. Vaziri ND, Liang K. Down-regulation of tissue 

lipoprotein lipase expression in experimental 

chronic renal failure. Kidney Int. 1996;50:1928-35. 

26. Akmal M, Kasim SE, Soliman AR, Massry SG. 

Excess parathyroid hormone adversely affects lipid 

metabolism in chronic renal failure. Kidney Int. 

1990;37:854-8. 

27. Sechi LA, Catena C, Zingaro L, Melis A, De Marchi 

S. Abnormalities of glucose metabolism in patients 

with early renal failure. Diabetes. 2002;51:1226-32. 

28. Vaziri ND, Deng G, Liang K. Hepatic HDL 

receptor, SR-B1 and Apo A-I expression in chronic 

renal failure. Nephrol Dial Transplant. 

1999;14:1462-6. 

29. Guarnifri GF, Moracchiello M, Campanacci L, 

Ursini F, Ferri L, Valente M, et al. Lecithin-

cholesterol acyltransferase (LCAT) activity in 

chronic uremia. Kidney Int Suppl. 1978:2(8). 

30. Kimura H, Miyazaki R, Imura T, Masunaga S, 

Suzuki S, Gejyo F, et al. Hepatic lipase mutation 

may reduce vascular disease prevalence in 

hemodialysis patients with high CETP levels. 

Kidney Int. 2003;64(5):1829-37. 

31. Liang K, Vaziri ND. Gene expression of LDL 

receptor, HMG-CoA reductase, and cholesterol-7 

alpha-hydroxylase in chronic renal failure. Nephrol 

Dial Transplant. 1997;12:1381-6. 

32. Mesquita J, Varela A, Medina JL. Dyslipidemia in 

renal disease: causes, consequences and treatment. 

Endocrinol Nutr. 2010;57:440-8. 

 

 
 

 

 

 

 

 

 

 

 

 

 

Cite this article as: Basnayake DB, Sandamali 

WGH, Nayanamali A, Wazil AWM, Siriwardena 

RMPA, Thennakoon TMCI, et al. A study of lipid 

profile and glycemic status in patients with chronic 

kidney disease of unknown etiology in Sri Lanka. Int 

J Res Med Sci 2020;8:3439-44. 


