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The increased level of plasma total homocysteine (tHcy) in chronic kidney disease patients has been reported as a new and
independent risk factor for cardiovascular disease. However, after the description of reverse epidemiology in the renal population,
the association of tHcy and nutrition became less clear. We evaluated the association between homocysteine, nutritional status, and
inflammation, and their impact on mortality in 95 predialysis patients. High sensitivity C-Reactive Protein (hs-CRP), interleukin
6 (IL-6), Tumor Necrosis Factor a (TNF-«)], and tHcy were evaluated, as was the nutritional status by the modified Subjective
Global Nutritional Assessment (mSGA). We divided our population in four groups according to their tHcy and mSGA values
being above or below the mean level and found the lowest survival in the group with tHcy and mSGA above the mean level, as well
as higher levels of IL-6 (P = .03) and TNF-a (P = .045). Higher levels of homocysteine can be associated with higher mortality in

predialysis patients, as long as they are associated with malnutrition and inflammation.

1. Introduction

Homocysteine (Hcy) is an intermediate of methionine
metabolism. Hyperhomocysteinemia is frequent among
patients with chronic renal insufficiency, although the under-
lying cause is not clearly understood. It seems to involve
reduced clearance of plasma Hcy, witch may be attributable
to defective renal clearance and/or extrarenal clearance and
metabolism, the latter possibly due to retained uremic
inhibitory substances [1].

Increased levels of Hcy have been associated to increased
overall mortality and to high mortality from cardiovascular
disease (CVD) [2, 3]. All except one study [4] described some
relation between vascular disease and Hcy levels. There is
also evidence that Hcy can alter the coagulation system and
the resistance of the endothelium to thrombosis [5]. It also
interferes with the antithrombotic and coagulation functions
of nitric oxide [6].

Recent studies have reported a reversed epidemiology
in chronic kidney disease (CKD) patients where low, rather
then high plasma Hcy is an indicator of poor outcome

[7-10]. However, this association remains unclear because
wasting and inflammation seem to share the responsibility
for this reverse association, as they both decrease serum
albumin levels, witch are a major determinant of Hcy levels
[8]. In addition they are risk factors for increased morbidity
and mortality [8-11]. The aim of the present study was
to evaluate the association between Hcy levels, nutritional
status and inflammation, and their impact on mortality in
predialysis kidney patients.

2. Patients and Methods

We prospectively followed 95 patients at our low-clearance
outpatient clinic at Nephrology Department of Hospital de
Faro from August 2003 to August 2006. Informed consent
was obtained from all patients. At baseline, a complete
clinical history and a physical examination were performed.
Patients were considered to have hypertension if sitting blood
pressure (BP) was at least 140/90 mmHg or, regardless of BP,
if they were receiving antihypertensive therapy.
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TasLE 1: Clinical, biochemical, and nutritional data.

Sex male/female 54/41
Age (years) 69.4 + 14.4
Hemoglobin (mg/dl) 11.6 + 1.6
Darbepoetin (ug/kg/week) 0.467 + 0.47
eGFR (ml/min/1.73 m?) 16.1 7.0
Homocysteine, (ymol/L) 25.7 +11.8
IL-6 (pg/mL) 5453
hs-CRP (mg/dl) 1.3 +2.6
TNF-« (pg/mL) 11.6 + 8.3

Fasting blood samples were collected to measure
hemoglobin, albumin, creatinine, triglycerides, and choles-
terol (total and HDL).

The glomerular filtration rate (GFR) was calculated
according to the Modification of Diet in Renal Disease
(MDRD) equation.

Plasma, collected using heparin as the anticoagulant,
was separated within 30 minutes of drawing and stored at
—80°C until analysis for hs-CRP, IL-6, TNF-«, and tHcy
(chemiluminescent assay) were performed. The modified
Subjective Global Nutritional Assessment (mSGA) was used
to evaluate the nutritional status.

The population was divided in 4 groups, depending if
their tHcy and mSGNA values were above or below the
mean level. The mean level of tHcy in our population was
25.7 umol/L and the mean value of mSGA was 12.2. The
groups were as follows: Group I-tHcy <25.7 ymol/L, mSGA
<12.2, n = 29; Group II-tHcy <25.7 ymol/L, mSGNA >12.2,
n = 18; Group III-tHcy >25.7 ymol/L, mSGA <12.2, n = 28;
Group IV tHcy >25.7 yumol/L, mSGNA >12.2, n = 20.

Statistical analysis—we first did descriptive statistics;
values were expressed as mean + standard deviation; to com-
pare different groups we used the chi-square and ANOVA
tests; we used the linear regression model to evaluate the rela-
tionship between variables; we used the Pearson correlation
to evaluate the correlation between Hcy and inflammatory
and nutritional parameters; for survival analysis we used
the Kaplan-Meier method and for comparison of different
groups survival we used the logrank test. The statistical
analysis was performed using SPSS 11.0 for Windows (SPSS,
Chicago, IL).The null hypothesis was rejected below the 5%
level (P < .05).

3. Results

We included 95 patients (f = 41, m = 54), with an
average age of 69.4 years, followed in our outpatient
clinic for 24.1 months. The original disease in 23 patients
(24.2%) was unknown; 30 patients (31.5%) had diabetic
nephropathy; 19 patients (20%) had hypertensive renal
disease; 15 patients (15.8%) had chronic interstitial disease, 5
(5.3%) had glomerulonephritis and 3 (3.2%) had polycystic
kidney disease. The prevalence of hypertension in our
study was 80% (76 patients), with 55.8% (53 patients)
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TaBLE 2: Correlation between Hcy and inflammatory/nutritional
parameters and level of renal function (Pearson correlation).

r P-value
IL-6 (pg/mL) 0.289 005
hs-CRP (mg/dl) 0.208 043
mSGA 0.102 323
eGFR (mL/min/1.73 m?) —0.294 .004
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FIGURE 1: Actuarial survival at 24 months. Group IV showed the
worst survival (logrank 8.31, P = .04).

receiving angiotensin-converting enzyme inhibitors and/or
angiotensin receptor blockers.

The characteristics of the population are showed in
Table 1.

Nutritional data was obtained from modified subjective
global nutritional assessment (mSGNA). Seven patients had
normal nutritional status, 68 were mild malnourished and 19
were moderate malnourished, while any patient had severe
malnutrition. The mean value of mSGA was 12.2 + 3.6.

Using the Pearson correlation, we found an inverse
correlation between plasma tHcy and the eGFR and a
positive correlation between tHcy and hs-CRP and IL-6
(Table 2).

The four groups, divided according the tHCy and mSGA
values, were compared, and the results are displayed in
Table 3.

There were no significant differences between groups
regarding sex distribution, and hemoglobin and CRP levels.
However, Group IV (patients with higher tHcy and mSGA
values) showed lower eGFR (P = .014), as well as higher levels
of IL-6 (P = .03) and TNF-« (P = .045).

During the follow-up 32 patients died: cardiovascular
disease [12]; cerebrovascular disease [4]; infections [9];
neoplasia [2]; cachexia [2]; unknown [3].

Using the Kaplan-Meier survival analysis we found the
following actuarial survival at 24 months of the different
groups, as we can see in Figure 1:1 = 85.9%; II = 71.8%; III
=78.6%; IV = 50%, logrank = 8.31, P = .04.
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TasLE 3: Comparison of the different groups regarding clinical and biochemical parameters.
Group I Group II Group III Group IV P-value
tHcy <25.7 ymol/L, tHcy <25.7 ymol/L, tHcy >25.7 ymol/L, tHcy >25.7 ymol/L,
mSGA <12.2 mSGNA >12.2 mSGNA <12.2 mSGNA >12.2

Female/male 13/16 10/8 11/17 7/13 .599
Haemoglobin (g/dl) 11.8 + 1.5 11.7 + 1.4 114+ 1.7 11.6 + 1.9 .827
eGFR (ml/min/1.73 m?) 18.8 = 7.1 16.4 + 6.8 16.0 + 7.1 122+ 54 014
Albumin (g/dL) 43+04 4.0+0.5 43 +0.5 41+04 .032
Hcy (umol/L) 16.5 + 3.3 14,9 + 4.4 323+7.1 39.4 +9.0 .0001
mSGA 10 = 1.8 154+ 3.3 9.8 + 1.6 159 + 2.7 .0001
IL-6 (pg/ml) 3.3+1.8 53+34 53+ 3.6 8.9+93 .03
hs-CRP (mg/dl) 0.45 + 0.6 1.3+2.2 1.5+2.8 2.2 +3.8 122
TNE-« (pg/ml) 8.5+3.3 11.6 £ 6.1 123 +6.3 15.1 = 14.3 .045

4. Discussion

Protein-energy malnutrition is very common in patients
with chronic renal failure (CRF), with signs of malnutrition
observed in 25%-40% of predialysis patients [10, 12]. We
also know that the risk of death from all causes and from
cardiovascular (CV) disease is increased since stage 3 of
CKD [13, 14]. Classical risk factors, such as hypertension,
dislipidemia or hyperuricemia, as well new risk factors,
such inflammation, hyperhomocystenemia or endothelial
dysfunction, contribute to this increased risk of cardiovas-
cular mortality [15]. Hyperhomocysteinemia has attracted
growing interest in recent years [10]. Epidemiological studies
have shown that there is strong evidence that moderate
elevation of total homocysteine levels is an independent
risk factor for atherosclerosis in the general population [9,
10, 16]. Moderate hyperhomocysteinemia is present in the
early stages of renal failure and increases along with the
deterioration of renal function [9, 10, 17]. The prevalence of
hyperhomocysteinemia is 85%—100% among patients with
advanced CRF [10]. The mechanisms by which plasma Hcy
levels increase in CRF are not fully understood. Reduced
renal excretion and decreased renal uptake probably do not
play a major role, since renal elimination of Hcy is of any
significance in normal humans [17, 18].

Suliman et al. showed recently that high levels of
homocysteine were not an independent risk factor for
atherosclerosis [8]. They found that a low Hcy concentration
was associated with higher all-cause and cardiovascular
mortality, although this correlation could be attributed,
at least in part, to the influence of various confounders,
including markers of wasting and inflammation on Hcy
levels [8—-11]. In their work, after adjustment for all con-
founding factors which potentially could influence Hcy
concentration, a high Hcy level showed only a trend towards
a positive association with increased all-cause and cardio-
vascular mortality. Although not statistically significant, the
all-cause and CV mortality were, respectively, 27% and
22% higher for high tHcy compared with low tHcy levels
(8].

More recently, Kalantar-Zadeh et al., also reported that
the mortality rate was higher in the lowest Hcy quartile [7].

Nevertheless, other authors have found in CKD patients that,
similar to the general population, tHcy is associated with an
increased risk of CV events and mortality [19].

In fact, association between low homocysteinemia and
atherosclerosis does not have any theoretical plausibility,
and so other factors must come into place to explain why
some cardiovascular risk factors are strongly correlated with
a decreased rate of cardiovascular events and death. This
point of view was explored by Ducloux et al. in dialysis
patients [20]. They found a positive correlation between
homocysteine levels and CV mortality in dialysis patients
without a chronic state of inflammation-malnutrition, and
an inverse relationship between Hcy and all-cause and CV
mortality in dialysis patients with chronic inflammation-
malnutrition syndrome.

In our work we tried to evaluate if such association is
already present in predialysis patients, and if there was any
difference in mortality between the patients. We divided our
population according to plasma Hcy levels and nutritional
state and found that higher levels of Hcy were associated with
a higher mortality rate in those patients who had a state of
inflammation-malnutrition.

These results are in contradiction with those found by
Ducloux et al. probably because they used the values of CRP
and albumin to define the presence of chronic inflammation-
malnutrition state (CIMS). Albumin is a major determinant
of tHcy levels [8], being hypoalbuminemia associated with
low tHcy levels. Serum albumin levels are influenced by
nutritional and nonnutritional factors [12, 21] and probably
albumin is not the most accurate marker of malnutrition.
To evaluate the nutritional status, we used the mSGA and in
the group of patients with higher mSGA (worse nutritional
status), the albumin level was higher than the value found
by Ducloux et al. in their group of patients with CIMS. This
fact could have determined higher tHcy levels in our patients.
We also found a positive correlation between tHcy levels and
markers of inflammation, namely, IL-6 and TNF-a. This is
again in contrast with Ducloux et al. These authors found an
inverse association between CRP and tHcy. Using different
malnutrition and inflammation markers than Ducloux et
al., we found that inflammation and malnutrition was
associated with higher levels of tHcy. Furthermore, mortality



was higher in patients with inflammation-malnutrition and
higher tHcy.

We believe that both factors act in synergy and that
Hcy impact on mortality could not be evaluated without
considering other factors, namely, inflammation. Moreover,
our study shows that the impact of Hcy is dependent on the
nutritional and inflammatory status.

One of the drawbacks of our study was the lack
of evaluation of folate and vitamin B12 concentrations,
since inadequate concentrations are contributing factors for
hyperhomocysteinemia [16, 22]. More studies, with more
patients, longer follow up, and wider biochemical evaluation
are needed to try to answer these questions.

In conclusion, we found that higher levels of homocys-
teine can be associated with higher mortality in predialysis
patients, as long as they are associated with malnutrition and
inflammation.

References

[1] A. N. Friedman, A. G. Bostom, J. Selhub, A. S. Levey, and 1.
H. Rosenberg, “The kidney and homocysteine metabolism,”
Journal of the American Society of Nephrology, vol. 12, no. 10,
pp. 2181-2189, 2001.

[2] S. H. Mudd, E Skovby, H. L. Levy, et al., “The natural history
of homocystinura due to cystathionine S-synthase deficiency,”
American Journal of Human Genetics, vol. 37, no. 1, pp. 1-31,
1985.

[3] O. Nygérd, J. E. Nordrehaug, H. Refsum, P. M. Ueland,
M. Farstad, and S. E. Vollset, “Plasma homocysteine levels
and mortality in patients with coronary artery disease,” New
England Journal of Medicine, vol. 337, no. 4, pp. 230-236, 1997.

[4] G. Alfthan, J. Pekkanen, M. Jauhiainen, et al., “Relation of
serum homocysteine and lipoprotein(a) concentrations to
atherosclerotic disease in a prospective Finnish population
based study,” Atherosclerosis, vol. 106, no. 1, pp. 9-19, 1994.

[5] M. R. Malinow, “Hjomocyst(e)ine and arterial occlusive
diseases,” Journal of Internal Medicine, vol. 236, no. 6, pp. 603—
617, 1994.

[6] J. S. Stamler and A. Slivka, “Biological chemistry of thiols
in the vasculature and in vascular-related disease,” Nutrition
Reviews, vol. 54, no. 1, pp. 1-30, 1996.

[7] K. Kalantar-Zadeh, G. Block, M. H. Humphreys, C. J. McAllis-
ter, and J. D. Kopple, “A low, rather than a high, total plasma
homocysteine is an indicator of poor outcome in hemodialysis
patients,” Journal of the American Society of Nephrology, vol. 15,
no. 2, pp. 442-453, 2004.

[8] M. Suliman, P. Stenvinkel, A. R. Qureshi, et al., “The reverse
epidemiology of plasma total homocysteine as a mortality risk
factor is related to the impact of wasting and inflammation,”
Nephrology Dialysis Transplantation, vol. 22, no. 1, pp. 209—
217, 2007.

[9] M. E. Suliman, A. R. Qureshi, P. Barany, et al., “Hyperhomo-
cysteinemia, nutritional status, and cardiovascular disease in
hemodialysis patients,” Kidney International, vol. 57, no. 4, pp.
1727-1735, 2000.

[10] M. E. Suliman, B. Lindholm, P. Barany, and J. Bergstrom,
“Hyperhomocysteinemia in chronic renal failure patients:
relation to nutritional status and cardiovascular disease,”
Clinical Chemistry and Laboratory Medicine, vol. 39, no. 8, pp.
734-738, 2001.

International Journal of Nephrology

[11] K. Kalantar-Zadeh, G. Block, M. H. Humphreys, and J. D.
Kopple, “Reverse epidemiology of cardiovascular risk factors
in maintenance dialysis patients,” Kidney International, vol. 63,
no. 3, pp. 793-808, 2003.

[12] P.Stenvinkel, O. Heimbiirger, F. Paultre, et al., “Strong associa-
tion between malnutrition, inflammation, and atherosclerosis
in chronic renal failure,” Kidney International, vol. 55, no. 5,
pp. 1899-1911, 1999.

[13] P. A. Sarafidis and G. L. Bakris, “Level of kidney function
determines cardiovascular fate after coronary bypass graft
surgery,” Circulation, vol. 113, no. 8, pp. 1046-1047, 2006.

[14] A. S. Go, G. M. Chertow, D. Fan, C. E. McCulloch, and
C.-Y. Hsu, “Chronic kidney disease and the risks of death,
cardiovascular events, and hospitalization,” New England
Journal of Medicine, vol. 351, no. 13, pp. 1296-1370, 2004.

[15] C. Zoccali, “Cardiovascular risk in uraemic patients—is it
fully explained by classical risk factors?” Nephrology Dialysis
Transplantation, vol. 15, no. 4, pp. 454-457, 2000.

[16] A. G. Bostom and B. F. Culleton, “Hyperhomocysteinemia
in chronic renal disease,” Journal of the American Society of
Nephrology, vol. 10, no. 4, pp. 891-900, 1999.

[17] B. Hultberg, A. Andersson, and G. Sterner, “Plasma homocys-
teine in renal failure,” Clinical Nephrology, vol. 40, no. 4, pp.
230-235, 1993.

[18] A. B. Guttormsen, E. Svarstad, P. M. Ueland, and H. Refsum,
“Elimination of homocysteine from plasma in subjects with
end stage renal failure,” Irish Journal of Medical Sciences, vol.
164, supplement 15, pp. 8-9, 1995.

[19] E Mallamaci, C. Zoccali, G. Tripepi, et al., “Hyperhomocys-
teinemia predicts cardiovascular outcomes in hemodialysis
patients,” Kidney International, vol. 61, no. 2, pp. 609-614,
2002.

[20] D. Ducloux, A. Klein, A. Kazory, N. Devillard, and J.-
M. Chalopin, “Impact of malnutrition-inflammation on the
association between homocysteine and mortality,” Kidney
International, vol. 69, no. 2, pp. 331-335, 2006.

[21] P. Stenvinkel, O. Heimbiirger, B. Lindholm, G. A. Kaysen, and
J. Bergstrom, “Are there two types of malnutrition in chronic
renal failure? Evidence for relationships between malnutrition,
inflammation and atherosclerosis (MIA syndrome),” Nephrol-
ogy Dialysis Transplantation, vol. 15, no. 7, pp. 953-960, 2000.

[22] V. Menon, X. Wang, T. Greene, et al., “Homocysteine in
chronic kidney disease: effect of low protein diet and repletion
with B vitamins,” Kidney International, vol. 67, no. 4, pp. 1539—
1546, 2005.



	Introduction
	Patients and Methods
	Results
	Discussion
	References

