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1/GFR was 0.37 (CI 0.32–0.40, p  !  0.0001). The correlation 
 coefficient based on various estimates of GFR was 0.33 (CI 
0.29–0.38, p  !  0.0001), and for measured GFR it was 0.45 (CI 
0.39–0.51, p  !  0.0001). The correlation coefficient was higher 
when GFR was measured using clearance methods com-
pared with various estimates GFR (1.36 [CI 1.13–1.65], p = 
0.0014).  Conclusions:  Homocysteine plasma levels signifi-
cantly depend on renal function. This correlation is even 
more robust when GFR is measured using clearance meth-
ods. Therefore, in order to assess whether homocysteine is 
an independent cardiovascular risk factor, accurate adjust-
ments for renal dysfunction are essential. 

 Copyright © 2008 S. Karger AG, Basel 

 Introduction 

 In 1969, McCully  [1]  published his seminal paper in 
the  American Journal of Pathology  in which he proposed 
a connection between hyperhomocysteinemia and car-
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 Abstract 

  Background:  Hyperhomocysteinemia is thought to be an 
independent risk factor for cardiovascular disease, but the 
association between renal dysfunction and homocysteine 
may not have been fully taken into account. We performed 
a meta-analysis of studies that report correlations between 
glomerular filtration rate (GFR) and homocysteine plasma 
levels.  Methods:  Using a prespecified research strategy, we 
identified 41 studies involving 26,617 participants that re-
ported Pearson or Spearman correlation coefficients for the 
association between 1/GFR and homocysteine. The summa-
ry correlation coefficients with 95% CI were obtained by 
pooling the logarithmic Z values derived from the individual 
trial correlation coefficients. Subgroup analysis was per-
formed to compare results for measured GFR using clear-
ance methods and various estimates of GFR.  Results:  The 
pooled correlation coefficient between homocysteine and 
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diovascular disease. His hypothesis was based on autopsy 
findings of atherosclerotic plaque in 2 children with ho-
mocysteinuria due to inborn enzyme defects. The very 
high level of plasma homocysteine observed in patients 
with inborn enzyme defects is likely to play a pathophys-
iological role in the accelerated vascular disease observed 
in these patients. However, the significance of modest el-
evations of plasma homocysteine observed in the general 
population is less clear. To be sure, there are well-known 
associations between cardiovascular disease and plasma 
homocysteine levels  [2] , as well as a correlation of homo-
cysteine with future cardiovascular events  [3] . However, 
recent large randomized trials revealed no reduction in 
cardiovascular events or death when homocysteine levels 
were reduced by up to 30%  [4]  using a combination of fo-
late and B vitamins  [4–6] . Several reasons have been pro-
posed for these disappointing results  [7] . One explana-
tion is that in the general population, homocysteine may 
be merely a marker for the severity of kidney disease, and 
not an independent cardiovascular risk factor  [8] .

  Studies have reported a strong inverse relationship be-
tween glomerular filtration rate (GFR) and plasma ho-
mocysteine concentrations  [9–11] . Furthermore, renal 
insufficiency is a recognized independent risk factor for 
cardiovascular disease  [12] . We propose that homocyste-
ine is a marker of renal function and that its predictive 
value for cardiovascular events reflects its association 
with impaired renal function. Some of the prior studies 
demonstrating that homocysteine was an independent 
risk factor for cardiovascular events did not adjust for re-
nal function at all  [2, 13] . Other studies may have inade-
quately adjusted for the confounding effects of kidney 
dysfunction if serum creatinine was used, as this is infe-
rior to measured GFR using clearance methods in accu-
rately assessing renal function  [3] .

  Methods 

 We comprehensively searched Medline and the Cochrane Li-
brary from 1970 through March 2007 using the following medical 
subject headings: glomerular filtration rate and homocysteine. 
We supplemented the search by scanning references of selected 
articles identified by this search. We did not restrict the language 
of publication. We included cross-sectional studies as well a base-
line data from trials using pharmacological interventions that 
evaluated homocysteine and provided correlation coefficients 
(Pearson or Spearman) to various estimates of GFR using calcula-
tions (e.g. Cockcroft-Gault equation, Modification of Diet in Re-
nal Disease formula, Schwartz formula in children, and creati-
nine clearance) or measured GFR (e.g. inulin and ethylene-di-
amine-tetra-acetic acid (EDTA) clearance, and radioisotope 
methods). Attempts were made to contact investigators for addi-

tional information. The correlation coefficient for three studies 
was obtained by personal communication  [14–16] .

  We excluded studies that reported data on homocysteine and 
GFR without analyzing the correlation between the two values, as 
well as studies that only provided regression or partial regression 
analysis. Studies in which renal function was evaluated by mea-
suring cystatin C were also excluded as this parameter is cur-
rently not recommended by any guidelines.

  The Pearson or Spearman correlation coefficients were re-
corded from each study, for the values of homocysteine and
1/GFR. The summary correlation coefficients with 95% CI were 
obtained by pooling the logarithmic Z values derived from the in-
dividual trial correlation coefficients. To test for interstudy het-
erogeneity, the  �  2  value was calculated for the assumption of ho-
mogeneity. The results were pooled using the random-effects 
method, because evidence for potential interstudy heterogeneity 
was found. In addition, the results from the fixed-effects method 
were compared with those from the random-effects method  [17] .

  Subgroup analysis was performed to compare results for GFR 
that were estimated using calculation methods or measured using 
clearance methods. The results of the two subgroups were com-
pared with each other using the test for interaction  [18] .

  Results 

 The flow diagram for the trials search is presented in 
 figure 1 . We identified 41 studies involving a total of 
26,617 patients ( table 1 ). Uniformly, the studies included 
in the analysis revealed statistically significant correla-
tions between homocysteine and renal function ( fig. 2 ). 
The pooled correlation coefficient between homocyste-
ine and 1/GFR was 0.37 (CI 0.32–0.40, p  !  0.0001).

  Evidence for significant interstudy heterogeneity was 
noted for the analysis (p  !  0.005). The results were similar 
when the random effects method was used (0.29 [CI 
0.28–0.30], p  !  0.0001).

  In subgroup analysis, the correlation coefficient based 
on various estimates of GFR was 0.33 (CI 0.29–0.38, p  !  
0.0001), and for measured GFR it was 0.45 (CI 0.39–0.51, 
p  !  0.0001). The correlation coefficient was higher when 
GFR was measured using clearance methods compared 
with various estimates of GFR (1.36 [CI 1.13–1.65], p = 
0.0014). Evidence for interstudy heterogeneity was pres-
ent for the analysis of calculation estimates (p  !  0.005) 
and for clearance measurements (p = 0.03). When using 
the fixed-effects method of analysis, the correlation coef-
ficient for calculations was 0.28 (CI 0.17–0.29, p  !  0.0001) 
and for clearance measurements it was 0.44 (CI 0.40–
0.48, p  !  0.0001).



 Glomerular Filtration Rate and 
Homocysteine 

Kidney Blood Press Res 2008;31:259–267 261

  Discussion 

 Homocysteine and Cardiovascular Disease 
 Homocysteine is a sulfur amino acid whose metabo-

lism stands at the intersection of two pathways: remeth-
ylation to methionine, which requires folate and vitamin 
B 12  (or betaine in an alternative reaction); and transsul-
furation to cystathionine, which requires pyridoxal-5 � -
phosphate. The two pathways are coordinated by S-ade-
nosylmethionine, which acts as an allosteric inhibitor of 
the methylenetetrahydrofolate reductase reaction and as 
an activator of cystathionine beta-synthase  [7]  .  A meta-
analysis of 27 retrospective, cross-sectional and prospec-
tive trials came to the conclusion that a 5- � mol/l incre-
ment in homocysteine levels elevates coronary artery dis-
ease risk by as much as cholesterol increases of 0.5 
mmol/l (20 mg/dl)  [19] . Other prospective trials further 
supported the concept by showing that homocysteine 
was an independent strong predictor of subsequent car-
diovascular and cerebrovascular events  [2, 3, 20–25] . De-
spite these strong epidemiological data, homocysteine 
has recently failed the ultimate test as a cardiovascular 
risk factor – substantial lowering of homocysteine did not 
translate into improved outcomes in patients with known 
cardiovascular disease  [4–6] . One potential reason for 
these disappointing results in secondary prevention is 
that homocysteine is not an independent cardiovascular 
risk factor, but may be simply a marker for impaired renal 
function  [8] .

  Many of the recent studies suggesting that homocys-
teine was an independent risk factor for cardiovascular 
events did not adjust for renal function at all  [2, 26] . Oth-
ers adjusted only for creatinine, a notoriously unreliable 

marker of renal function  [22, 25, 27] . However, the sig-
nificant inverse correlation between GFR and total plas-
ma homocysteine levels shown in our analysis could ex-
plain, at least in part, the predictive value of homocyste-
ine for cardiovascular events. Impaired renal function, 
which causes an increase in homocysteine levels, has 
been consistently shown to be a major independent car-
diovascular risk factor  [28, 29] .

  Further evidence for homocysteine not being an inde-
pendent risk factor for cardiovascular events comes from 
the study by Menon et al.  [30]  which demonstrated that 
hyperhomocysteinemia was not a risk factor for all-cause 
or cardiovascular mortality in the Modification of Diet 
in Renal Disease Study, when adjustments for GFR were 
made using  125 I-iothalamate clearance. The authors 
therefore suggested that prior studies demonstrating an 
association between homocysteine and the risk of cardio-
vascular disease may have inadequately adjusted for the 
confounding effects of kidney function  [30] .

  Overlap of Hyperhomocysteinemia and Chronic 
Kidney Disease 
 The increase in levels of total homocysteine in renal 

insufficiency has been consistently demonstrated over 
the past 30 years  [8, 10, 11, 31] . In addition to the 41 stud-
ies included in our meta-analysis, a few other studies 
used multivariate regression or partial regression analy-
sis to produce adjusted correlation coefficients  [32–37] , 
which showed that homocysteine is independently cor-
related with renal function after correction for variables 
such as age, sex, diet, systolic blood pressure and plasma 
uric acid levels. Moreover, studies in which renal func-
tion was evaluated by measuring serum cystatin C con-

Potentially relevant studies 
identified and screened  
(n = 92)

Studies that provided 
univariate analysis of GFR 
and homocysteine 
(n = 41)

Studies excluded
-Used cystatin C as marker of GFR (n = 9) 
-Did not provide correlation coefficient (n = 29) 
-Multivariate correlation analysis or partial regression (n = 14)
-Studies in ESRD patients on renal replacement therapy (n = 3)

Study results obtained by personal communication (n = 3)  
Study retrieved from references (n = 1)

  Fig. 1.  Study flow diagram. 
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Table 1. Included studies

Study, year [reference] Patient population GFR method Homocysteine 
method

n Females
%

r p value

Abdella et al. 2000 [47] type 2 diabetes CrCl IMx 283 59 0.46 <0.0001
Aksoy et al. 2006 [9] heart failure CrCl HPLC 62 55 0.65 <0.001
Ambrosch et al. 2001 [48] type 2 diabetes CrCl HPLC 65 55 0.29 <0.05
Arnadottir et al. 2001 [49] chronic kidney disease iohexol clearance HPLC 22 0 0.42 <0.05
Arnadottir et al. 2001 [50] renal transplant iohexol and EDTA HPLC 120 not stated 0.52 <0.0001
Arnadottir et al. 1996 [10] chronic kidney disease iohexol clearance HPLC 77 44 0.70 <0.0001
Arnadottir et al. 1998 [51] renal transplant CrCl HPLC 55 54 0.42 <0.01
Bostom et al. 2001 [52] chronic kidney disease iohexol clearance HPLC 109 29 0.43 <0.001
Cossu et al. 2001 [53] renal transplant Cockcroft-Gault CE-LIF 108 48 0.49 <0.01
Darius et al. 2003 [14] peripheral arterial disease MDRD HPLC 6,888 58 0.15 <0.001
Dinleyici et al. 2006 [54] children with type 1 diabetes and

control group
Schwartz formula ELISA 55 44 0.32 <0.05

Francis et al. 2004 [15] NHANES study 1991–1994 MDRD GPLC 3,387 54 0.30 <0.0001
Gobulev et al. 2005 [55] chronic kidney disease not stated HPLC 125 not stated 0.43 <0.0001
Guallar et al. 2006 [16] NHANES study MDRD IMx 4,447 not stated 0.36 <0.001
Kielstein et al. 2002 [11] chronic kidney disease inulin clearance IMx 44 7 0.73 <0.0001
Korandji et al. 2007 [56] acute myocardial infacrtion MDRD chemi-

luminescence
138 20 0.27 0.002

Krmar et al. 2001 [57] pediatric renal transplant Schwartz formula IMx 38 26 0.47 <0.01
Lin et al. 2006 [58] hypertension with and without 

chronic renal insufficiency
Cockcroft-Gault IMx 137 50 0.45 <0.001

Kryznakowa et al. 2006 [59] type 2 diabetes MDRD IMx 136 40 0.41 <0.0001
Marouf  et al. 2006 [60] acute myocardial infarction

and control group
MDRD IMx 210/167 30 0.37 <0.0001

Marouf et al. 2006 [61] thrombembolic disease and
control group

MDRD IMx 201/166 52 0.34 <0.0001

Marucci et al. 2000 [62] renal transplant patients not stated HPLC 63 46 0.20 <0.05
Marucci et al. 2001 [63] renal transplant and control group not stated HPLC 70/66 43 0.20 <0.05
Meinitzer et al. 2007 [64] coronary artery disease MDRD not stated 3,238 43 0.39 <0.001
Ndrepepa et al. 2006 [65] coronary artery disease with and

without diabetes
Cockcroft-Gault IMx 506

1,614
34
26

0.36
0.29

<0.001
<0.001

Nerbass et al. 2006 [66] chronic kidney disease CrCl HPLC 66 30 0.29 0.11
Okumura et al. 2003 [67] type 2 diabetes and control group CrCl HPLC 103 46 0.49 <0.0001
Parson et al. 2002 [68] chronic kidney disease EDTA HPLC 197 28 0.39 <0.0001
Pizzolo et al. 2006 [69] coronary artery disease MDRD  HPLC 180 19 0.29 <0.001
Preston et al. 2005 [70] chronic kidney disease EDTA HPLC 114 28 0.27 0.004
Ravani et al. 2005 [71] chronic kidney disease MDRD IMx 131 37 0.34 <0.001
Samuelsson et al. 1999 [72] chronic kidney disease EDTA HPLC 63 22 0.32 <0.01
Sarnak et al. 2002 [73] chronic kidney disease 125I-iothalamate HPLC 804 40 0.44 <0.001
Serafinowicz et al. 2000 [74] renal transplant iopromide IMx 71 45 0.45 <0.05
Soedamah-Muthu et al. 2005 [75] type 1 diabetes Cockcroft-Gault IMx 533 52 0.23 <0.0001
Suliman et al. 2006 [76] stage 5 chronic kidney disease,

pre-hemodialysis
mean of CrCl and 
urea clerance

HPLC 317 38 0.12 <0.05

Veldman et al. 2005 [77] type 1 diabetes and
control group

inulin clearance not stated 92
44

41
48

0.43
0.39

0.005
0.01

Wang et al. 2006 [78] coronary artery disease Cockcroft-Gault not stated 145 39 0.22 <0.01
Widiana et al. 2004 [79] chronic kidney disease Cockcroft-Gault IMx 26 31 0.39 0.04
Wollesen et al. 1999 [80] type 1 and 2 diabetes EDTA HPLC 80 not stated 0.44 <0.0001
Zebrack et al. 2003 [81] coronary artery disease MDRD not stated 1,484 33 0.18 <0.001

CE-LIF = Capillary electrophoresis with laser-induced fluorescence; CrCl = creatinine clearance; EDTA = ethylenediamine tetraacetic acid;
ELISA = enzyme-linked immunosorbent assay; IMx = fluorescence polarization immunoassay; HPLC = high-performance liquid chromatography; 
MDRD = modification of diet in renal disease formula.
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  Fig. 2.  Correlation coefficients for homocysteine and 1/GFR. Meta-analysis results. The studies are in alpha-
betical order. The studies by Ndrepepa et al.  [65]  and Veldman et al.  [77]  have been subdivided into controls 
and patients. 

Study, year Number of
patients studied

Correlation coefficient

Abdella, 2000 283 0.46
Aksoy, 2006 62 0.65
Ambrosch, 2001 65 0.29
Arnadottir, 1996 77 0.70
Arnadottir, 1998 55 0.42
Arnadottir, 2001 (1) 22 0.42
Arnadottir, 2001 (2) 120 0.52
Bostom, 2001 109 0.43
Cossu, 2001 108 0.49
Darius, 2003 6,880 0.15
Dinleyici, 2006 55 0.32
Francis, 2004 3,387 0.30
Gobulev, 2005 125 0.43
Guallar, 2006 4,447 0.36
Kielstein, 2002 44 0.73
Korandji, 2007 138 0.27
Krmar, 2001 38 0.47
Kryznakowa, 2006 136 0.41
Lin, 2006 137 0.45
Marouf, 2006 (1) 210 0.37
Marouf, 2006 (2) 201 0.34
Marcucci, 2000 63 0.20
Marcucci, 2001 70 0.20
Meinitzer, 2007 3,238 0.39
Ndrepepa, 2006 506 0.36
Ndrepepa, 2006 1,614 0.29
Nerbass, 2006 66 0.29
Okumura, 2003 103 0.49
Parson, 2002 197 0.39
Pizzolo, 2006 180 0.29
Preston, 2005 114 0.27
Ravani, 2005 131 0.34
Samuelsson, 1999 63 0.32
Sarnak, 2002 804 0.44
Serafinowicz, 2000 71 0.45
Soedamah-Muthu, 2005 533 0.23
Suliman, 2006 317 0.12
Veldman, 2005 92 0.43
Veldman, 2005 44 0.39
Wang, 2006 145 0.22
Widiana, 2004 26 0.39
Wollesen, 1999 80 0.44
Zebrack, 2003 1,484 0.18

Pooled results (random effects, 95% CI) 0.36 (0.33 to 0.39)
Test for overall effect: p < 0.00001

–1.0 –0.5 0 0.5 1.0
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centration, a new marker of GFR that has been shown to 
be more accurate than creatinine, consistently showed a 
strong association between homocysteine and renal func-
tion  [38, 39] . Of note, our meta-analysis shows that mea-
sured GFR using clearance methods provide a stronger 
correlation between GFR and homocysteine.

  Despite the strong association between homocysteine 
and renal function, the exact role of the kidney in the 
elimination of homocysteine is still poorly understood. 
In a study investigating the arteriovenous difference in 
homocysteine in the kidney of individuals with normal 
renal function, no significant renal extraction of homo-
cysteine could be detected  [40] . It is also known that only 
the non-protein-bound fraction of homocysteine is freely 
filtered at the glomerulus; however, this fraction is high-
ly variable among species (20% in humans vs. 70% in 
rats). While these facts speak against an important role 
for healthy kidney in homocysteine plasma clearance, the 
homocysteine clearance of uremic patients is reduced by 
70% compared to healthy controls  [41] . Collectively, the 
changes of plasma homocysteine in the state of decreased 
renal function can be ascribed to a decrease of both intra- 
and extrarenal homocysteine clearance, with the latter 
being attributable to retained solutes and/or kidney dis-
ease-related modifications of plasma environment inter-
fering with the systemic homocysteine metabolism  [42] .

  The conclusion of our study does by no means try to 
defer the results of many preclinical and clinical studies 
investigating the complex role of homocysteine in the 
pathophysiology of atherosclerosis  [43] , it rather sheds 
light on an important yet neglected role of renal dysfunc-
tion in this process. Therefore, it is important to note that 
homocysteine might still be a modest independent mark-
er for cardiovascular events, even after correcting for
renal function, as has been suggested by an earlier
meta-analysis of observational studies  [20] . Studies have 
demonstrated the importance of genetic alterations in 
metabolism and deficiencies of B vitamins and folate on 
elevated homocysteine levels, which is associated with an 
increase in cardiovascular events  [44] . However, patients 
with hyperhomocysteinemia have been shown to exhibit 
elevated cystatin C levels as a sign of renal dysfunction, 
despite normal creatinine levels  [45] . 

  Strenghts and Limitations of the Analysis 
 The strengths and potential limitations of the present 

study merit careful consideration. One of the main 
strengths of our analysis is the large number of studies 
and subjects included. The diversity of underlying dis-
eases and age groups of those studies in all of which the 

correlation of GFR and homocysteine was present under-
lines the robustness of this relationship. There are, how-
ever, possible limitations of our study. Our analysis re-
flects the limitations of included studies concerning the 
accuracy of homocysteine and creatinine measurements. 
Moreover, our analysis was performed by omitting im-
portant homocysteine determinants such as folate/vita-
min plasma levels and MTHFR gene polymorphism. 
These factors might significantly alter the Hcy/GFR cor-
relation we found in this meta-analysis.

  Conclusion and Perspectives 

 Pooled data from 41 trials and 27,000 patients show 
that plasma homocysteine levels are significantly in-
versely correlated with estimates of GFR. This inverse 
correlation is even more robust when GFR is measured 
using clearance methods. It is possible that homocysteine 
may not be an independent cardiovascular risk factor 
when accurate adjustments for renal dysfunction are 
made. As an immediate consequence, adequate estimates 
or measurement of GFR should be an integral part in the 
design and interpretation of all clinical studies as well as 
in laboratory studies of patients at risk for cardiovascular 
events, as recently suggested by a science advisory from 
the American Heart Association Kidney and Cardiovas-
cular Disease Council  [46] . In addition, in patients with 
hyperhomocysteinemia, renal dysfunction should be as-
sessed with appropriate methods.
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