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Implication for health policy/practice/research/medical education:
Blood pressure variation is very important in hemodialysis patients. As uric acid is a proven factor in blood pressure in animals 
and humans, finding its association with hypertension in hemodialysis patients can be a promising therapeutic gold.
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Background: High blood pressure is a common condition in hemodialysis patients. Uric acid, 
which is high in these patients due to decreased clearance, had been shown to positively 
correlate with blood pressure in animal studies.
Objectives: The goal of  this investigation was to evaluate the impact of  high uric acid level on 
blood pressure in these patients.
Patients and Methods: Ninety-one patients, on three times weekly hemodialysis, were studied. 
Uric acid levels were measured just before and after hemodialysis along with blood pressures 
before, during and after each session. Data were analyzed by SPSS 15. A P value less than 
0.05 was considered significant.
Results: 40 (44%) of  patients had serum uric acid ≥6 mg/dl. Before dialysis 51 (61%) and 19 
(21%) had high systolic blood and diastolic blood pressures respectively. Also, 50 (55%) were 
with wide pulse pressure and 63 (69%) had high mean arterial pressure (MAP). Additionally 
62 (68%) developed inter-dialysis hypotension. After measuring odds ratio for hyperuricemia  
in each group, we observed low risk of  hypruricemia in the group with high systolic pressure 
(OR = 0.352; 95% CI: 0.147-0.844; P = 0.01), the high MAP group (OR = 0.382; 95% CI: 
0.153-0.955; P = 0.03) and wide pulse pressure group (OR = 0.416; 95% CI: 0.177-0.975; 
P = 0.04). There was no association between high uric acid level and diastolic pressure 
(P = 0.11) and inter-dialysis hypotension (P = 0.33). No relationship was found between 
serum uric acid and KT/V (P = 0.2), normalized protein catabolic rate (nPCR) (P = 0.07) and 
body mass index (BMI) (P = 0.4).
Conclusions: This study showed paradoxical association between high uric acid level and high 
systolic pressure, high MAP and wide pulse pressure and these effects were independent of 
dialysis duration, dialysis efficacy and nutrition, assuming that these relationships could be 
due to reverse epidemiology in dialysis patients.
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ABSTRACT

1. Background
 Numerous studies during last decades showed strong 
relationship between uric acid and hypertension (1-
4). Uric acid acts as antioxidant in endothelial cells 
against inflammatory cells and also maintains vascular 

dilatation during oxidative stress (5-10). But in high 
levels it can cause hypertension, diabetes mellitus, 
metabolic syndrome and cardiovascular diseases 
(11-13). The pathogenesis of  uric acid induced 
hypertension had been studied in rats and humans 
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and includes endothelial dysfunction, decreased levels 
of  serum nitrites, increased renin and decreased 
nitric oxide synthase expression in kidney and renal 
arteriolar vasoconstriction (14-16).
Kidneys excrete approximately 60% to 70% of  total 
uric acid from body (17). Uric acid is a small molecule 
that can be partially removed by hemodialysis as for 
urea (18). Paradoxical results were gained between 
hyperuricemia and outcomes in chronic kidney disease 
(CKD) patients. In one study, increased mortality was 
seen in hemodialysis patients that had the highest and 
the lowest quintiles of  uric acid (19). Another study 
showed increased mortality in stage 3-4 of  CKD due 
to all-cause mortality and cardiovascular disease in 
hyperuricemic patients (20).
Hypertension is a common finding in hemodialysis 
patients, occurring in 75% of  them and it is a 
significant factor in cardiovascular disease, stroke 
and renal failure (21,22). Wide pulse pressure and 
interdialysis hypotension are also associated with 
increased long-term mortality in dialysis patients (23). 
The role of  uric acid in hypertension in end-stage renal 
disease (ESRD) was studied once in which Silverstein 
and colleague (24) showed a positive relationship 
between high uric acid and hypertension in pediatric 
hemodialysis patients.

2. Objectives
The aim of  this study was to investigate the 
relationship between serum uric acid levels and blood 
pressure both as modifiable risk factors in morbidity 
and mortality in adult hemodialysis patients.

3. Patients and Methods
3.1. Study & Population
 Patients (19 to 79 years old) including in this cross-
sectional study were males and females above 18 years 
old on 4 hours hemodialysis, 3 times per week for at 
least 3 consecutive months in 3 hemodialysis centers 
in Shiraz, Iran. No drugs that could alter blood 
pressure were administered during dialysis. Patients 
receiving medications with impact on uric acid level 
(allopurinol and diuretic) were excluded. One patient 
had in remission malignancy (multiple myeloma) 
and one patient had inactive rheumatologic disease 
(Sjogren syndrome). No one had liver or infectious 
disease.

3.2. Blood pressure
Blood pressures were measured by 1 automatic 
sphygmomanometer in hemodialysis center by a 
nurse just before and after dialysis and every 1 hour 
during dialysis in 3 consecutive sessions. According 

to KDOQI guideline, hypertension was defined as 
systolic pressure ≥140 mm Hg and diastolic pressure 
≥90 mm Hg, high mean arterial pressure (MAP) 
as pressure ≥97 mm Hg, interdialysis hypotension 
as a decrease of  SBP>20 mm Hg from basal value 
associated with signs and symptoms. Also wide pulse 
pressure was recorded as ≥60 mm Hg difference 
between systolic and diastolic pressure before dialysis.

3.3. Weight measurement and efficacy of  hemodialysis
Weights were measured before and after dialysis and 
KT/V was calculated for each patient.

3.4. Laboratory methods
Blood samples were taken from patients just before 
dialysis from arterial line for blood urea nitrogen 
(BUN), uric acid, albumin before dialysis. BUN and 
uric acid after dialysis were measured too.

3.5. Nutrition
As nutrition can effect level of  uric acid, nutrition 
status was assessed by normalized protein catabolic 
rate (nPCR). Generally the nPCR shows the amount 
of  protein taken by patient and uric acid is a product of 
protein. Also body mass index (BMI) was calculated 
for each patient.

3.6 Antihypertensive medication
Of  all patients, 52% were took antihypertensive 
medication (except for diuretics).

3.7. Ethical issues
1) The research followed the tenets of  the Declaration 
of  Helsinki; 2) informed consents was obtained; and 
3) the research was approved by ethical committee of 
Shiraz University of  Medical Science.

3.8. Statistical analysis
 All data were analyzed by SPSS 15 (SPSS Inc., Chicago, 
IL, USA). Values were shown as the mean±standard 
deviation (SD) or as percent frequency. Correlation 
analysis between 2 values was performed by Pearson 
correlation test. Association between uric acid and 
blood pressures was calculated by odds ratio using 
multiple regression analysis. A P value <0.05 was 
considered significant.

4. Results
4.1. Demographic data 
This study included 60 (65.9%) males and 31 (34.1%) 
females. The average age was 50.8±16.7 years. Data 
are shown in Table 1.
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4.6. Dialysis vintage 
There was no relationship between uric acid and 
duration of  dialysis (P = 0.273).

4.7. Blood pressure
Of  all patients, 56 (61.5%) had high systolic blood 
pressure. Also 19 (20.9%) had high diastolic pressure. 
Likewise 63 (69.2%) had high MAP, and 50 (54.9%) 
had high wide pulse pressure too. Additionally 62 
(68.1%) developed interdialysis hypotension.

4.8. Association between uric acid and blood pressures
Odds ratio for high uric acid level in the group with 
predialysis systolic hypertension was 0.352 (95% CI: 
0.147- 0.844; P = 0.01); for high MAP was 0.382 (95% 
CI: 0.153-0.955; P = 0.03); for wide pulse pressure was 
0.416 (95% CI: 0.177-0.975; P = 0.04); for predialysis 
diastolic hypertension was 0.407 (95% CI: 0.0.131-
1.25; P = 0.11); and for interdialysis hypotension was 
0.648 (95% CI: 0.266-1.577; P = 0.33). Therefore, 
there is lower risk for systolic hypertension, high 
MAP and wide pulse pressure in the group with high 
uric acid level Associations are summarized in Table 
2 and 3.

5. Discussion
Hypertension is a common finding in hemodialysis 
patients and it occurs in up to 85% of  them (21). In 
these patients multiple factors can cause high blood 
pressure including fluid overload, activation of  rennin 
angiotensin-aldosterone axis or use of  exogenous 
erythropoietin that make it difficult to evaluate the 
causative mechanism (25,26).
Uric acid levels are high in renal failure patients due 

Table 1. Baseline characteristics of  patients
Characteristics Value
Age (y) 50.8±16.7
Dialysis vintage (mon) 35.6±26.8  
KT/V 1.1±0.36
BMI (kg/m²) 24.1±5.4
nPCR (g/kg/d) 0.87±0.27
Albumin (g/dl) 3.9±0.36
Predialysis systolic pressure (mm Hg) 144.1±22.9
Predialysis diastolic pressure (mm Hg) 81.8±12.04
Predialysis MAP (mm Hg) 102±14.4
Predialysis uric acid (mg/dl) 5.7±1.02

Table 2. Blood pressure according to uric acid level
Blood pressure Uric acid ≥6 mg/dl Uric acid <6 mg/dl       
Predialysis systolic hypertension 19 (34.5%) 36 (65.5%)
Predialysis diastolic hypertension 5 (27.8%) 13 (72.2%)
Predialysis high MAP 23 (37.1%) 39 (62.9%)
Wide pulse pressure 17 (34.7%) 32 (65.3%)
Interdialysis hypotension 25 (41%) 36 (59%)

Table 3. Odds ratio for high uric acid level
Blood pressure Odds ratio P value
Predialysis systolic hypertension 0.352 0.01
Predialysis diastolic hypertension 0.407 0.1
Predialysis high MAP 0.382 0.03
Wide pulse pressure 0.416 0.04
Interdialysis hypotension 0.648 0.3

4.2. Serum uric acid
The average predialysis and postdialysis uric acid level 
was 5.7±1.02 mg/dl and 3.2±0.99 mg/dl, respectively. 
In this study, 40.91 (44%) had predialysis serum uric 
acid ≥6 mg/dl. Only 1 patient had serum uric acid 
≥6 mg/dl after dialysis; thus association between 
postdialysis uric acid and other variables was not 
possible.

4.3. Dialysis efficacy
There was no relationship between uric acid and 
Kt/V (P = 0.212).

4.4. Weight
No association was found between uric acid and BMI 
(P = 0.402).

4.5. Nutritional status
No relationship was observed between uric acid and 
nPCR (P = 0.071). 
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to decreased clearance (17). Dialysis can remove uric 
acid from blood partially (18). Higher uric acid levels 
are shown to be associated with higher mortality in 
hemodialysis patients (20).
In this study we tried to elucidate the relationship 
between uric acid and blood pressure. We observed 
low frequency of  high uric acid levels in our patients. 
Occurrence of  uric acid ≥6 mg/dl before treatment 
was 44% (40.91) and only 1 patient had this level 
after dialysis. Another important observation was 
paradoxical relationship between high uric acid and 
high systolic blood pressure, high MAP and wide pulse 
pressure. These associations were independent of 
dialysis duration. Dialysis efficacy, BMI and albumin 
confirmed that nutrition and protein breakdown did 
not affect uric acid level.
These findings were contrary to previous studies 
in literature in animals and humans. The most 
significant of  these studies were 3 trials that induced 
hyperuricemia in rats can cause hypertension after 
3 weeks in mazzali experiment. Mechanism of 
hypertension in these rats were included renal artery 
vasoconstriction, arteriolopathy, decreased nitric oxide 
and increased oxidants and angiotensin in kidney. 
Lowering uric acid with drugs like allopurinol or using 
radical scavengers, to reverse intrarenal oxidative stress 
induced by uric acid,blood pressures were returned to 
normal. (15,27,28). In human studies, Park et al (29) 
showed that high uric acid was associated with arterial 
stiffness in postmenopausal women. Arterial stiffness 
can cause interdialysis hypertension in dialysis 
patients (30). Another longitudinal study in 9104 
humans with normal renal function with different 
race and sex showed increased risk of  hypertension 
in hyperuricemic group (1). In dialysis patients this 
association was once conducted in 46 hemodialysis 
children in which predialysis systolic pressure was 
positively related to high uric acid level which was 
independent of  volume, weight and nutrition (23).
Despite these observations, lowering uric acid level 
was not effective in lowering mortality and CKD 
progression (31), to the extent, that high uric acid 
had shown to have protective effect on mortality of 
hemodialysis patients, while it is a marker of  better 
nutrition in this group and also acts as antioxidant in 
cardiovascular system (32).
The present study can be another example of  reverse 
epidemiology as described previously that high BMI is 
a survival factor in maintenance hemodialysis patients 
or by Liu et al that high cholesterol level is inversely 
related to dialysis mortality (33,34). The “reverse 
epidemiology” (35) or “dialysis-risk-paradox” 
(36,37) phenomena were concluded from several 

epidemiologic studies that found reverse relationship 
between mortality in hemodialysis patients and obesity 
(38), blood pressure (39), creatinine (40), cholesterol 
(36), and homocysteine (41). Is this hypothesis really 
exist or not and its impact on mortality is doubtful.

6. Conclusions 
We showed that high uric acid levels can be a marker 
of  protection against high systolic blood pressure, 
high MAP and wide pulse pressure, all of  which can 
increase mortality in hemodialysis patients.

7. Limitations of  the study
Our study has some pitfalls. Firstly, we did not 
investigate the effect of  lowering uric acid with drug 
on blood pressure. Secondly, larger group could be 
better for conducting this study and also patients 
under peritoneal dialysis can be included. In fact, we 
could only consider 91 patients which most of  them 
had low uric acid level. Larger group in a longer 
period of  time may be needed to study this aspect of 
dialysis. Additionally, we did not find any association 
between uric acid and markers of  nutrition as they 
affect uric acid level and we also did not consider 
the effect of  residual renal function on uric acid and 
blood pressure. 

Acknowledgments
This work was extracted from thesis of  Elaheh 
Vafaie at the internal medicine department of  Shiraz 
University of  Medical Sciences (Registered code; 
3037).

Authors’ contribution
Collecting data: EV. Statistical analysis: MMS and 
EV. Drafting manuscript: EV and MMS. Study 
supervision: JR and MS.

Conflicts of  interest
The authors declared no competing interests.

Funding/Support
The Research Council of  Shiraz University of  Medical 
Sciences financially supported this project (grant No. 
90-01-01-3037).

References
1. Mellen PB, Bleyer AJ, Erlinger TB, Evans CW, 

Nieto FJ, Wagenknecht LE, et al. Serum uric acid 
predicts incident hypertension in a biethinic cohort: 
the atherosclerosis risk in communities study. 
Hypertension. 2006;48(6):1037-42.

2. Nagahama K, Inoue T, Iseki K, Touma T, Kinjo 



 www.nephropathol.com      Journal of  Nephropathology, Vol 4, No 3, July 2015

                           Blood pressure and uric acid in hemodialysis

89

K, Ohya Y, et al. Hyperuricemia as a predictor of 
hypertension in a screened cohort in Okinawa, Japan. 
Hypertens Res. 2004;27(11):835-41.

3. Nakanishi N, Okamoto M, Yashida H, Matsuo Y, 
Susuki K, Tatara K, et al. Serum uric acid and risk of 
development of  hypertension and impaired fasting 
glucose or Type П diabetes in Japanese male office 
workers. Eur J Epidemiol. 200318(6):523-526. 

4. Yanf  T, Chu CH, Bai CH, You SL, Chou YC, Hwang 
LC, et al. Uric acid concentration as a risk marker for 
blood pressure progression and incident hypertension: 
A Chinese cohort study. Metabol. 2012;61(12):1747-
55.

5. Becker B.F, Reinholz N, Leipert B, Raschke, 
Permantter B, Gerlach E. Role of  uric acid as an 
endogenous radical scavenger and antioxidant. Chest. 
1991;100(3):176s-181s.

6. Becker BF, Leipert B, Raschke P, Gerlach E, 
Permanetter B. Formation release and scavenger 
function of  uric acid derived from adenine nucleotides 
in heart and lung. In: Imai S, Nakazawa M, eds. Role of 
Adenosine and Adenine Nucleotide in the Biological 
System. Amsterdam: Elsevier Science Publishers; 
1991. p. 321-336.

7. Ogino N, Yamamoto S, Hayaishi O, Tokuyama 
T. Isolation of  an activator for prostaglandin 
hydroperoxidase from bovine vesicular gland cytosol 
and its identification as uric acid. Biochem Biophys 
Res Commun. 1979;87(1):184-191.

8. Bourgain RH, Deby C, Deby-Dupont G, Andries R. 
Enhancement of  arterial thromboformation by uric 
acid, a free radical scavenger. Biochem Pharmacol. 
1982;31(18):3011-3013.

9. Pincemail J, Deby C, Thirion A, Dethier A, Deby-
Dupont G, Goutier R. Stimulation of  cyclooxygenase 
by activated human neutrophils is enhanced by uric 
acid. Prostaglandins 1986;32(1):101-105.

10. Xiang J, Linz W, Becker H, Ganten D, Lang RE, 
Schrlkens BA, et al. Effects of  converting enzyme 
inhibitors: Ramipril and enalapril on peptide action 
and sympathetic neurotransmission in the isolated 
heart. Europ J Pharmacol. 1985;113(2):215-223.

11. Liu WC, Hung CC, Chen SC, Yeh SM, Lin MY, Chiu 
YW, et al. Association of  hyperuricemia with renal 
outcomes, cardiovascular disease, and mortality. Clin J 
Am Soc Nephrol. 2012;7(4):541-8.

12. Longo-Mbenza B, Nkongo Mvindu H, Kianu Phanzu 
B, Kasiam On’Kin JB, N kakudulu Bikuku H, Nge 
Okwed A. Is uric acid a surrogate and additional 
component of  incident metabolic syndrome, insulin 
resistance among inactive Central Africans? Diabetes 
& Metabolic Syndrome. Clin Res  Rev. 2010;2(4):74-81.

13. Zapolski T, Waciński P, Kondracki B, Rychta E, 

Buraczyńska MJ, Wysokiński A. Uric acid as a link 
between renal dysfunction and both pro-inflammatory 
and prothrombotic state in patients with metabolic 
syndrome and coronary artery disease. Kardiol Pol. 
2011;69(4):319-26.

14. Khosla UM, Zharikov S, Finch JL, Nakagawa T, Roncal 
C, Mu W, et al. Hyperuricemia induces endothelial 
dysfunction. Kidney Int. 2005;67(5):1739-42.

15. Mazzali M, Hughes J, Kim YG, Jefferson JA, Kang DH, 
Gordon KL, et al. Elevated Uric Acid Increases Blood 
Pressure in the Rat by a Novel Crystal-Independent 
Mechanism. Hypertension. 2001;38(5):1101-6. 

16. Sautin YY, Nakagawa T, Zharikov S, Johnson RJ. 
Adverse effects of  the classic antioxidant uric acid 
in adipocytes: NADPH oxidase-mediated oxidative/
nitrosative stress. Am J Physiol. 2007;293(2):584-596.

17. Maesaka JK, Fishbane S. Regulation of  renal urate 
excretion:a critical review. Am J Kidney Dis. 1998; 
32(6):917-33.

18. Durante P, Chávez M, Pérez M, Romero F, Rivera F. 
Effect of  uric acid on hypertension progression in 
spontaneously hypertensive rats. Life Sci. 2010;86(25-
26):957-64.

19. Suliman ME, Johnson RJ, Garcia-Lopez E, Qureshi 
R, Molinaei H, Carrero JJ. J-Shaped Mortality 
Relationship for Uric acid in CKD. Am J Kidney 
Dis.2006;48(5):761-71.

20. Liu WC, Hung CC, Chen SC, Yeh SM, Lin MY, Chiu 
YW, et al. Association of  hyperuricemia with renal 
outcomes, cardiovascular disease, and mortality 
[abstract]. Clin J Am Soc Nephrol. 2012;7(4):541-8.

21. Mahmoud M, Salem MD. Hypertension in the 
hemodialysis population: A survey of  649 patients. 
Am J Kidney Dis. 1995;26(3);461-8.

22. Kang DH, Nakagawa T, Feng L, Watanabe S, Han L, 
Mazzali M, et al. A role of  uric acid in the progression 
of  renal disease. J Am Soc Nephrol. 2002;13(12):2888-
97.

23. Agarwal R. Hypertension and survival in chronic 
hemodialysis patients—Past lessons and future 
opportunities. Kidney Int. 2005;67(1):1-13.

24. Silverstein DM, Srivaths PR, Mattison P, Upadhyay K, 
Midgley L, Moudgil A, et al. Serum uric acid is associated 
with high blood pressure in pediatric hemodialysis 
patients. Pediatr Nephrol. 2011; 26(7):1123-8.

25. Chonchol M, Shlipak MG, Katz R, Sarnak MJ, Newma 
AB, Siscovick DS, et al. Relationship of  Uric Acid 
With Progression of  Kidney Disease. Am J Kidney 
Dis. 2007;50(2):239-47.

26. Sturm G, Kollerits B, Neyer U, Ritz E, Kronenberg 
F. Uric acid as a risk factor for progression of  non-
diabetic chronic kidney disease? The Mild to Moderate 
Kidney Disease (MMKD) Study. Exp Gerontol. 2008; 



Roozbeh J et al

Journal of  Nephropathology, Vol 4, No 3, July 2015        www.nephropathol.com90

43(4):347-52.
27. Sánchez-Lozada LG, Tapia E, Avila-Casado C, Soto 

V, Franco M, Santamaría J, et al. Mild hyperuricemia 
induces glomerular hypertension in normal rats. Am J 
Physiol Renal Physiol. 2002;283(5):F1105-10.

28. Sánchez-Lozada LG, Soto V, Tapia E, Avila-Casado C, 
Sautin YY, Nakagawa T, et al. Role of  oxidative stress 
in the renal abnormalities induced by experimental 
hyperuricemia. Am J Physiol Renal Physiol. 2008; 
295(4):F1134-41.

29. Park JS, Kang S, Ahn CW, Cha BS, Kim KR, Lee HC. 
Relationships between serum uric acid, adiponectin 
and arterial stiffness in postmenopausal women. 
Maturitas. 2012;73(4):344-8.

30. Dubin R, Owens C, Gasper W, Ganz P, Johansen 
K. Associations of  endothelial dysfunction and 
arterial stiffness with intradialytic hypotension and 
hypertension. Hemodial Int. 2011;15(3):350-8.

31. Wen CP, David Cheng TY, Chan HT, Tsai MK, 
Chung WS, Tsai SP, et al. Is high serum uric acid a 
risk marker or a target for treatment? Examination 
of  its independent effect in a large cohort with low 
cardiovascular risk. Am J Kidney Dis. 2010; 56(2):273-
88.

32. Latif  W, Karaboyas A, Tong L, Winchester JF, 
Arrington CJ, Pisoni RL, et al. Uric acid levels and all-
cause and cardiovascular mortality in the hemodialysis 
population. Clin J Am Soc Nephrol. 2011;6(10):2470-
7.  

33. Kalantar-Zadeh K, Abbott KC, Salahudeen AK, 
Kilpatrick RD, Horwich TB. Survival advantages 
of  obesity in dialysis patients. Am J Clin Nutr. 
2005;81(3):543-54.

34. Liu Y, Coresh J, Eustace JA, Longenecker JC, Jaar B, 
Fink NE, et al. Association between cholesterol level 
and mortality in dialysis patients: role of  inflammation 
and malnutrition. JAMA. 2004;291(4):451-9.

35. Kalantar-Zadeh K, Block G, Humphreys MH, Kopple 
JD. Reverse epidemiology of  cardiovascular risk 
factors in maintenance dialysis patients. Kidney Int. 
2003;63(3):793-808.

36. Nishizawa Y, Shoji T, Ishimura E, Inaba M, Morii H. 
Paradox of  risk factors for cardiovascular mortality 
in uremia: is a higher cholesterol level better for 
atherosclerosis in uremia? Am J Kidney Dis. 2001;38 
(4 Suppl 1):S4-7.

37. Fleischmann EH, Bower JD, Salahudeen AK. Risk 
factor paradox in hemodialysis: better nutrition as a 
partial explanation. Asaio J. 2001;47(1):74-81.

38. Salahudeen AK. Obesity and survival on dialysis. Am J 
Kidney Dis. 2003;41(5):925-32.

39. Zager PG, Nikolic J, Brown RH, Campbell MA, 
Hunt WC, Peterson D, et al. “U” curve association of 
blood pressure and mortality in hemodialysis patients. 
Medical Directors of  Dialysis Clinic, Inc. Kidney Int. 
1998;54(2):561-9.

40. Lowrie EG, LewNL. Death risk in hemodialysis 
patients: the predictive value of  commonly measured 
variables and an evaluation of  death rate differences 
between facilities. Am J Kidney Dis. 1990;15(5):458-
82.

41. Kalantar-Zadeh K, Block G, Humphreys MH, 
McAllister CJ, Kopple JD. A low, rather than a high, 
total plasma homocysteine is an indicator of  poor 
outcome in hemodialysis patients. J Am Soc Nephrol. 
2004;15(2):442-53.

Copyright © 2015 The Author(s); Published by Society of  Diabetic Nephropathy Prevention. This is an open-access article 
distributed under the terms of  the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


