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In the present study, we used high sensitivity C-reac-
tive protein (hs-CRP) analysis in combination with
lipid screening [which has been reported to be a more
valuable risk marker than other novel markers such
as homocysteine (Hcy) and lipoprotein a] to perform
cardiovascular risk assessment in peritoneal dialysis
(PD) and hemodialysis (HD) patients.

We selected 9 PD patients, 10 HD patients, and
9 control subjects for the study. In those patients, we
determined levels of serum lipids, hs-CRP, Hcy, vita-
min B12, folic acid, and leptin.

Patients on PD had a significantly elevated
hs-CRP concentration (3.14 ± 0.79 mg/L) and ratio
of total cholesterol (TC) to high density lipoprotein
(HDL) cholesterol (4.71 ± 0.40), and their cardiovas-
cular risk was found to be three times that of control
subjects. In HD patients, the elevation of hs-CRP was
more profound (5.66 ± 1.30), but their TC:HDL ratio
fell within the normal range (3.18 ± 0.13). However,
a cardiovascular risk assessment of the HD group
showed the same risk as in the PD group. Serum Hcy
was also elevated in patients on PD (54.95 ±
18.08 µmol/L) and on HD (25.33 ± 3.70 µmol/L) as
compared with healthy subjects (13.76 ± 0.94 µmol/L).
Folic acid and vitamin B12 levels (needed to remethyl-
ate Hcy to methionine) were not compromised in the
dialysis population. On the other hand, leptin secreted
by adipose tissue was found to be mildly higher in PD
patients (37.08 ± 12.59 ng/mL). The mean leptin level
in control subjects was 14.14 ± 3.60 ng/mL. The
proinflammatory and proangiogenic action of excess
leptin may aggravate cardiovascular risk in PD
patients.

Increased values of known risk factors were found
in dialysis patients on PD and on HD. However, lower
levels of HDL cholesterol, higher cardiovascular risk
assessment and Hcy levels, and mildly increased
leptin levels seem to increase the potential threat of
vascular disease in PD patients more than in HD
patients.
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Introduction
Cardiovascular disease is a major cause of morbid-
ity and mortality in patients with renal disease (1).
However, known inherited and environmental risk
factors—including hypertension, diabetes, smoking,
and elevated lipids—cannot explain as many as one
third of cardiovascular events in the general popula-
tion (2).

Novel candidate risk factors for cardiovascular
disease in patients with renal disease have recently
attracted interest. High sensitivity C-reactive protein
(hs-CRP), an acute phase reactant, has been reported
to be a predictor of future coronary events among
healthy men in the Physician’s Health Study. Com-
pared with men in the bottom quartile of hs-CRP mea-
surements at baseline, men in the top quartile had twice
the risk of future stroke, three times the risk of future
myocardial infarction, and four times the risk of fu-
ture peripheral vascular disease (3,4).

Current data suggest that the addition of lipid
screening to hs-CRP can improve detection of abso-
lute coronary risk (5). Risk estimates using hs-CRP
in combination with lipid screening have been reported
to be superior to assessments that evaluate just hs-CRP,
homocysteine (Hcy), or lipoprotein a (6). However,
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the cardiovascular risk assessment algorithm that uses
hs-CRP and lipid screening has not been tested in di-
alysis patients. Moreover, the hormone leptin, which
is secreted by adipose tissue and which regulates body
fat mass through central satiety, has been suggested
to exert proinflammatory, proangiogenic actions on
human endothelial cells (7,8). Any disturbance of
serum leptin values might therefore hypothetically
provoke cardiovascular system disease.

In the present study, we measured levels of serum
lipids, hs-CRP, Hcy, vitamin B12, folic acid, and leptin
to evaluate the risk of cardiovascular disease in peri-
toneal dialysis (PD) and hemodialysis (HD) patients.

Patients and methods

Study population
We selected 9 PD patients aged 39.14 ± 2.42 years
and 10 HD patients aged 32.50 ± 2.37 years for the
study. The primary renal diseases in these patients were
chronic glomerulonephritis, pyelonephritis, and pri-
mary nephrosclerosis. The HD group consisted of
long-term dialysis patients (mean dialytic course: 4 –
11 years) in whom dialysis anticoagulation was
achieved using heparin. All patients received a daily
oral vitamin supplement: folic acid 1.5 mg, vitamin
B12 30 µg, and vitamin B6 10 mg. Erythropoietin was
being administered to 71% of the HD patients and to
67% of the PD patients.

For comparative purposes, 9 healthy, age-matched
subjects were also studied. Each subject gave informed
consent to participate in the study.

Laboratory methods
Venous blood was obtained from all subjects in the
morning and, for HD patients, before the dialysis pro-
cedure. We measured serum total cholesterol, high-
density lipoprotein (HDL) and low-density lipoprotein
(LDL) cholesterol, triglycerides (TG), blood urea ni-
trogen (BUN), creatinine, and uric acid by standard
automated clinical chemistry laboratory methods.

We used a highly sensitive immunoturbidimetric
assay (Cobas Integra 400 chemistry analyzer: Roche
Diagnostics, Basel, Switzerland) to analyze serum
hs-CRP levels. Because values of hs-CRP greater than
15 mg/L likely indicate active inflammation or the
presence of a chronic inflammatory condition, only
the patients and controls whose hs-CRP values were
lower than 15 mg/L were included in the study.

Concentration of Hcy was determined using a
high-performance liquid chromatography–fluoromet-
ric method after samples had been treated with
7-fluorobenzo-2-oxa-1,3-diazol-4-sulfonamide to con-
vert Hcy to a fluorescent compound. For the assay,
DL-homocysteine was used as a standard and N-acetyl-
L-cysteine as a internal assay standard (9).

Serum concentrations of vitamin B12 and folic acid
were measured by radioimmunoassay (kit: Diagnos-
tic Products Corp., Los Angeles, CA, U.S.A.). Serum
leptin levels were determined by ELISA (kit:
BioVendor Laboratory Medicine, Brno, Czech Repub-
lic). The lower detection limit was 0.5 ng/mL. Inter-
and intra–assay variations were less than 8%.

Statistical analysis
Data are presented as mean ± standard error. All sta-
tistical analyses were carried out using the nonpara-
metric Kruskal–Wallis test. A value of p less than 0.05
was considered statistically significant.

Results
Table I shows the serum concentrations of all mea-
sured parameters in the PD and HD patients and the
control subjects. As expected, serum BUN, creatinine,
and uric acid levels were high in both patient groups.

Values of total cholesterol and LDL cholesterol
were found to be in the normal range, but TG levels
were high in both patient groups. Values of HDL cho-
lesterol were lower in the patients than in healthy sub-
jects. The reduction in HDL cholesterol was more
profound in the PD patients. The ratio of TC to HDL
cholesterol (TC:HDL) was found to be significantly
elevated only in PD patients. However, hs-CRP val-
ues were significantly higher in both patient groups
than in the control subjects.

Using both hs-CRP and the TC:HDL ratio, a car-
diovascular risk assessment detected a 3.3 times higher
risk in PD patients and a 2.8 times higher risk in HD
patients than the risk seen in the control subjects. But
significantly elevated Hcy levels were found in the
two patient groups as compared with the healthy sub-
jects. The prevalence of hyperhomocysteinemia
(>15 µmol/L) was about 100% in PD patients, 90%
in HD patients, and 22% in healthy subjects.

When levels of folic acid and vitamin B12 were
examined, the HD group was found to have signifi-
cantly higher concentrations of vitamin B12 and folic
acid as compared with the levels seen in control
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subjects and in PD patients. Levels of those vitamins
were also high in PD patients, but the levels were not
found to be significantly high. These results were to
be expected, because all patients were receiving folic
acid, vitamin B12, and vitamin B6 supplementation.

Serum leptin levels tended to be higher in PD pa-
tients than in control subjects and HD patients, but
the difference did not reach statistical significance.
The prevalence of elevated leptin levels (>7.8 ng/mL)
was about 89% in PD patients, 40% in HD patients,
and 55% in healthy control subjects.

Discussion
In the present study, we evaluated cardiovascular dis-
ease risk in PD and HD patients. To that end, we mea-
sured serum lipid profiles and levels of hs-CRP, Hcy,
folic acid, vitamin B12, and leptin.

End-stage renal disease managed by PD and HD
was not associated with increased serum total choles-
terol or LDL cholesterol. However, reduced levels of
HDL cholesterol were observed in serum from both
patient groups, in accord with previous reports (10).

In past studies, CRP, a major systemic marker of
inflammation, was reported to induce adhesion mol-
ecule expression in human endothelial cells, support-
ing involvement of CRP in the atherosclerotic process
(11). Earlier laboratory assay methods were not suffi-
ciently sensitive to measure blood levels of CRP within

the normal range (<10 mg/L); however, the recent
development of high-sensitivity assays for CRP has
permitted mild elevation of CRP to be detected even
within the normal range. Reliable and fully automated
high-sensitivity assays for CRP are now widely avail-
able. Because a direct positive association between
hs-CRP and future coronary events was previously
reported (3,4), the elevated hs-CRP observed in our
patient groups might alone be a predictor of vascular
risk.

The combination of TC:HDL ratio with hs-CRP
value has been suggested to be a significantly strong
predictor of cardiovascular events (5). Evaluating PD
patients and HD patients with the cardiovascular risk
assessment algorithm that uses hs-CRP and TC:HDL
ratio, the patients were found to have an approximately
three times greater risk than control subjects had.

We also measured Hcy levels—another risk fac-
tor for cardiovascular disease—in dialysis patients and
found the levels in both patient groups to be higher
than the levels in control subjects.

The many studies comparing Hcy levels in PD
patients with those in HD patients have produced con-
flicting results (12). One study documented a higher
prevalence of hyperhomocysteinemia in HD patients.
On the other hand, Kim et al. (13) and Suliman et al.
(14) reported higher Hcy levels in PD patients, re-
sults that are consistent with our findings.

CRP, Homocysteine, and Leptin in Dialysis Patients

TABLE I Comparison of serum parameters (mean ± standard error) between peritoneal dialysis (PD) and hemodialysis (HD) patients
and control subjects

Controls Samples (n) PD Samples (n) HD Samples (n)

Cholesterol (mg/dL) 200.0±19.6 7 174.7±14.7 8 146.5±6.6 10
LDL (mg/dL) 117.8±14.3 7 109.3±11.1 8 86.7±4.6 10
HDL (mg/dL) 60.8±.6 7 37.6±2.4a 8 42.5±5.5a 10
TC:HDL 3.18±0.13 8 4.71±0.40a 8 3.65±0.37 10
Triglycerides (mg/dL) 67.5±6.4 7 158.8±25.2a 8 112.9±11.5a 10
hs-CRP (mg/L) 0.71±0.17 8 3.14±0.79a 9 5.66±1.30a 9
Cardiovascular risk 1.20±0.06 8 4.01±0.70 8a 3.38±0.50a 10
Homocysteine (µmol/L) 13.76±0.94 9 54.95±18.08a 9 25.33±3.70a 10
Folic acid (nmol/L) 20.21±2.49 9 28.15±6.68 9 48.46±7.31a,b 10
Vitamin B12 (pmol/L) 156.12±26.46 9 301.27±39.08 9 639.63±54.66a,b 10
Leptin (ng/mL) 14.14±3.60 9 37.08±12.59 9 14.51±7.58 10
BUN (mg/dL) 13.50±1.62 8 54.22±9.10a 9 66.70±5.27a 10
Creatinine (mg/dL) 0.84±0.03 9 9.91±0.78a 9 6.05±0.31a 10
Uric acid (mg/dL) 3.25±0.29 6 6.22±0.63a 9 6.05±0.31a 10

a p < 0.05 as compared with control subjects.
b p < 0.05 as compared with PD patients
LDL = low-density lipoprotein; HDL = high-density lipoprotein; TC = total cholesterol; hs-CRP = high-sensitivity C-reactive protein;
BUN = blood urea nitrogen.
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Possible causes of high serum Hcy levels in
chronic renal failure may include reduced renal clear-
ance, impaired degradation by the kidney, and defi-
ciency of, or abnormally high requirement for, folic
acid, vitamin B12, and vitamin B6. Because urinary
Hcy excretion is only minimal in humans (15), loss of
urinary excretion does not explain the hyperhomo-
cysteinemia found in renal failure. The loss of active
catabolism of Hcy in renal tubular cells is therefore
the more attractive hypothesis, in view of the large
quantities of Hcy found in renal patients.

On the other hand, vitamin B12 and folic acid are
needed in the remethylation pathway of Hcy to methi-
onine. Lack of folic acid and vitamin B12 may be a
possible cause of high Hcy serum concentrations. Al-
though serum levels of folic acid and vitamin B12 were
adequate in our patient groups, especially in the HD
patients, those levels appear insufficient to prevent
hyperhomocysteinemia, a finding that is consistent
with previous studies (16).

Accordingly, we suggest that an intra-renal mecha-
nism, such as a reduced ability of the kidney to me-
tabolize Hcy, rather than an insufficiency of vitamin
B12 and folic acid, may be the primary cause of
hyperhomocysteinemia in end-stage renal failure. We
observed elevated Hcy levels in our patient groups,
but the mechanism of the relationship between el-
evated Hcy and cardiovascular disease remains to be
established.

In our study, serum leptin levels tended to be higher
in PD patients than in control subjects and HD pa-
tients, although the differences did not reach statisti-
cal significance. The mild increase of serum leptin
levels in PD patients might be caused by the continu-
ous glucose load that these patients receive, which
increases body fat mass and, consequently, serum
leptin levels. Obesity and hyperinsulinemia are major
stimulators of leptin production and are usually asso-
ciated with insulin resistance, dyslipidemia, cardio-
vascular disease, hypertension, and diabetes mellitus
type 2 (17). For these reasons, the elevated leptin val-
ues in our PD patients might give rise to potentially
dangerous side effects within the cardiovascular sys-
tem as previously described (18).

Conclusions
Increased values of known risk factors were found in
PD and HD patients alike. Lower HDL cholesterol
levels, higher cardiovascular risk assessments, higher

Hcy levels, and mildly increased leptin levels seem to
produce a greater potential threat for vascular disease
in PD patients than in HD patients.

References
1 Foley RN, Parfrey PS, Sarnak MJ. Clinical epidemi-

ology of cardiovascular disease in chronic renal dis-
ease. Am J Kidney Dis 1998; 32(Suppl 3):S112–19.

2 Smith SC Jr, Greenland P, Grundy SM. AHA Confer-
ence Proceedings. Prevention conference V: Beyond
secondary prevention: Identifying the high-risk pa-
tient for primary prevention: executive summary.
American Heart Association. Circulation 2000; 101:
111–16.

3 Ridker PM, Cushman M, Stampfer MJ, Tracy RP,
Hennekens CH. Inflammation, aspirin and the risk of
cardiovascular disease in apparently healthy men.
N Engl J Med 1997; 336:973–9.

4 Ridker PM, Cushman M, Stampfer MJ, Tracy RP,
Hennekens CH. Plasma concentration of C-reactive
protein and risk of developing peripheral vascular
disease. Circulation 1998; 97:425–8.

5 Braunwald E. Shattuck Lecture. Cardiovascular
medicine at the turn of the millennium: triumphs con-
cerns, and opportunities. N Engl J Med 1997; 337:
1360–9.

6 Rifai N, Ridker PM. Proposed cardiovascular risk as-
sessment algorithm using high-sensitivity C-reactive
protein and lipid screening. Clin Chem 2001; 47:
28–30.

7 Loffreda S, Yang SQ, Lin HZ, et al. Leptin regulates
proinflammatory immune responses. FASEB J 1998;
12:57–65.

8 Sierra–Honigmann MR, Nath AK, Murakami C,
et al. Biological action of leptin as an angiogenic fac-
tor. Science 1998; 281:1683–6.

9 Ubbink JB, Hayward Vermaak WJ, Bissbort S. Rapid
high-performance liquid chromatographic assay for
total homocysteine levels in human serum. J Chroma-
togr 1991; 565:441–6.

10 Samuelsson O, Mulec H, Knight–Gibson C, et al.
Lipoprotein abnormalities are associated with in-
creased rate of progression of human chronic renal
insufficiency. Nephrol Dial Transplant 1997; 12:
1908–15.

11 Pasceri V, Willerson JT, Yeh ET. Direct proinflam-
matory effect of C-reactive protein on human endo-
thelial cells. Circulation 2000; 102:2165–8.

12 Moustapha A, Gupta A, Robinson K, et al. Preva-
lence and determinants of hyperhomocysteinemia in
hemodialysis and peritoneal dialysis. Kidney Int
1999; 55:1470–5.

13 Kim SS, Hirose S, Tamura H, et al. Hyperhomocyste-

Bekpinar et al.



84

inemia as a possible role for atherosclerosis in CAPD
patients. Adv Perit Dial 1994; 10:282–5.

14 Suliman ME, Anderstam B, Lindholm B, Bergström
J. Total, free, and protein-bound sulphur amino acids
in uraemic patients. Nephrol Dial Transplant 1997;
12:2332–8.

15 Refsum H, Helland S, Ueland PM. Radioenzymic de-
termination of homocysteine in plasma and urine.
Clin Chem 1985; 31:424–8.

16 Bostom AG, Shemin D, Lapane KL, et al. High dose
B-vitamin treatment of hyperhomocysteinemia in di-
alysis patients. Kidney Int 1996; 49:147–52.

17 Lindholm B, Karlander SG. Glucose tolerance in pa-

tients undergoing continuous ambulatory peritoneal
dialysis. Acta Med Scand 1986; 220:447–83.

18 Guagnano MT, Romano M, Falco A, et al. Leptin in-
crease is associated with markers of the hemostatic
system in obese healthy women. J Thromb Haemost
2003; 1:2330–4.

Corresponding author:
Selda Bekpinar, PhD, Department of Biochemistry,
Istanbul Faculty of Medicine, Istanbul University,
Çapa-34093, Istanbul, Turkey.
E-mail:
seldabekpinar@hotmail.com

CRP, Homocysteine, and Leptin in Dialysis Patients


