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Abstract
Chronic kidney disease (CKD) increases cardiovascular risk and mortality. However, traditional
cardiovascular risk factors do not adequately account for the substantial increase in mortality
observed in CKD. The aim of this study was to examine the relative contributions of novel
cardiovascular risk factors to the risk between CKD and mortality. The study population included
4,680 consecutive new patients from a tertiary care preventive cardiology program from 1996 to
2005. Estimated glomerular filtration rate was calculated using the Modification of Diet in Renal
Disease (MDRD) method. Baseline levels of traditional (low-density lipoprotein cholesterol, high-
density lipoprotein cholesterol, hypertension, triglycerides, total cholesterol, and fasting glucose)
and emerging (apolipoproteins A-I and B, lipoprotein[a], fibrinogen, homocysteine, and high-
sensitivity C-reactive protein) risk factors were examined. All-cause mortality was obtained from
the Social Security Death Index. There were 278 deaths over a median follow-up period of 22
months. CKD (estimated glomerular filtration rate ≤60 ml/min/1.73 m2) was strongly associated
with mortality after adjusting for traditional cardiovascular risk factors (hazard ratio 2.31, 95%
confidence interval 1.77 to 3.11, p <0.001) and with the addition of propensity score (hazard ratio
2.33, 95% confidence interval 1.75 to 3.10, p <0.001). Of all the traditional and emerging risk
factors monitored, only the addition of homocysteine and fibrinogen significantly attenuated the
association between CKD and mortality (adjusted hazard ratio 1.73, 95% confidence interval 1.23
to 2.34, p <0.001), explaining 38% of the attributable mortality risk from CKD. A significant
interaction (p = 0.004) between homocysteine and estimated glomerular filtration rate was
observed whereby the annual mortality rate in subjects with CKD with homocysteine <10 μmol/L
(the bottom tertile) was similar to those with normal renal function (1% per year), whereas
homocysteine levels ≥12.5 μmol/L (the top tertile) were associated with a sevenfold greater
mortality risk. In conclusion, homocysteine and fibrinogen levels explain nearly 40% of the
attributable mortality risk from CKD.

Previous work has suggested that patients with chronic kidney disease (CKD) have
significant lipoprotein derangements.1 In addition, studies have also demonstrated
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heightened levels of oxidative stress, endothelial damage, thrombosis, inflammation, insulin
resistance, and glucose intolerance.2,3 Whether a comprehensive panel of markers with
mechanistic links to these pathophysiologic processes can help explain the elevated
mortality risk in subjects with CKD has not been fully explored. Therefore, we hypothesized
that markers of lipids and lipoproteins (low-density lipoprotein [LDL] cholesterol, high-
density lipoprotein cholesterol, triglycerides, and total cholesterol), apolipoproteins
(apolipoprotein [apo] A-I and apo B), inflammation (highsensitivity C-reactive protein),
thrombosis (lipoprotein[a] and fibrinogen), oxidative and endothelial damage
(homocysteine), and glucose metabolism (fasting glucose) might help explain the link
between CKD and mortality.

Methods
The population consisted of consecutive new patients seen at a tertiary preventive
cardiology program from 1996 to 2005. This population constituted primary and secondary
cardiovascular prevention. Generally, all staff members within the preventive cardiology
section follow a similar algorithm when treating risk factors such as hypertension,
hyperlipidemia, obesity, glucose intolerance, and others. Patients were excluded if they
lacked a United States Social Security number. In addition, we excluded individuals with
end-stage renal disease requiring maintenance hemodialysis at baseline. Of a total of 5,636
new subjects seen, 4,680 had baseline laboratory data available. The Institutional Review
Board of the Cleveland Clinic approved this study.

All patients underwent detailed interviews by professional nursing staff members to obtain
information regarding the presence of cardiovascular risk factors, previous cardiac
procedures, other medical diagnoses, and medication use, as outlined previously.2 In
addition, blood samples were drawn to assess a number of traditional and novel
cardiovascular risk factors, including fasting levels of lipids and lipoproteins,
apolipoproteins, inflammation, thrombosis, oxidative and endothelial damage, and glucose
metabolism. Death was ascertained using the Social Security Death Index.

Estimated glomerular filtration rate (eGFR) was calculated using the Modification of Diet in
Renal Disease (MDRD) equation, which incorporates serum creatinine, body weight, age,
and race. On the basis of the recommendation of the National Kidney Foundation,4 CKD
was defined by an eGFR ≤60 ml/min/1.73 m2. Therefore, for descriptive purposes, we
divided the group into those with CKD (eGFR ≤0 ml/min/1.73 m2) and those without CKD
(eGFR >60 ml/min/1.73 m2).

All measurements were performed at baseline. Standard methods were used to measure
fasting lipid profiles. Apo A-I and apo B were measured by immunonephelometry using a
Beckman Immage Nephelometer and Beckman reagents (Beckman Coulter, Brea,
California), and high-sensitivity C-reactive protein was quantified using an
immunoturbidometric method, the Roche CRP Latex HS assay (Roche Diagnostics,
Indianapolis, Indiana). Baseline serum creatinine was measured by colorimetric assay
(Roche Diagnostics). Lipoprotein(a) was measured using a monoclonal antibody–based
enzyme-linked immunosorbent assay (Genentech, South San Francisco, California),
fibrinogen was measured using a Sysmex CA 7000 (Dade Behring, Deerfield, Illinois) by
the Claus method, homocysteine was measured using immunochemiluminescence on a
Bayer Centaur (Bayer Diagnostics, Tarrytown, New York), and glucose was measured by
hexokinase assay (Roche Diagnostics).

Wilcoxon’s rank-sum test for continuous variables and chi-square tests for categorical
variables were used to examine differences between 2 groups. We used Cox proportional-
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hazards modeling to examine the association between CKD and all-cause mortality. In the
first model, we examined the association between CKD and mortality after accounting only
for the differences in baseline demographic characteristics, medical history, and medication
use. In the second model, in addition to the baseline demographics, we adjusted for
propensity score. Propensity score was calculated using nonparsimonious logistic regression
models for predicting CKD for each subject. In the subsequent full model, in addition to
these confounders and the propensity score, we adjusted for novel cardiovascular risk
factors. The proportional-hazards assumption was confirmed by testing the weighted
Schoenfeld residuals and by plotting hazard ratios (HRs) against time plots for selected
variables. In addition to using CKD as a dichotomous variable in these models, similar
models were created using eGFR as a continuous variables.

Our goal in this study was to identify and quantify the relative contributions of novel
cardiovascular risk factors to the observed association between CKD and mortality. To
address this, we used the following formula5,6: 1 — (log HRadjusted/log HRunadjusted), where
HRunadjusted is the HR for mortality adjusted for all patient characteristics other than specific
novel cardiovascular risk factors, and HRadjusted reflects the HR for mortality including
specific novel cardiovascular risk factors. For example, if we were interested in the relative
contribution of homocysteine, HRunadjusted would include all confounding variables listed in
Tables 1 and 2 except homocysteine, and HRadjusted would include all variables included in
HRunadjusted plus homocysteine. In addition, we tested all potential interactions and selected
those with clinical relevance for further testing. Analyses were performed using SAS version
9.1 (SAS Institute Inc., Cary, North Carolina) and S-plus version 6.2 (Insightful, Inc.,
Seattle, Washington).

Results
A total of 4,680 patients met our study criteria, of whom 524 met the criterion for CKD. The
baseline characteristics of all patients are listed in Table 1. Patients with CKD were older, in
general had a significantly higher prevalence of traditional cardiovascular risk factors, and
had a lower overall education level. However, they were less likely to be current smokers.

Baseline levels of novel cardiovascular risk factors are listed in Table 2. Patients with CKD
had significantly higher levels of high-sensitivity C-reactive protein, lipoprotein(a),
fibrinogen, homocysteine, triglycerides, and glucose. In contrast, CKD was associated with
lower total cholesterol, LDL cholesterol, and high-density lipoprotein cholesterol.

Of the novel markers that were added to a model that contained age, gender, body mass
index, diabetes, hypertension, current smoking, history of coronary artery disease,
triglycerides, LDL cholesterol, lipid-lowering medications, education level, and aspirin use,
the ratio of apo A-I to apo B (adjusted HR 1.71, 95% confidence interval [CI] 1.15 to 2.54, p
= 0.008), fibrinogen (adjusted HR 3.88, 95% CI 2.25 to 6.68, p <0.001), and homocysteine
(adjusted HR 2.50, 95% CI 1.77 to 3.55, p <0.001) were significantly associated with all-
cause mortality, whereas lipoprotein(a) (adjusted HR 1.10, 95% CI 0.98 to 1.23, p = 0.105)
and glucose (adjusted HR 0.77, 95% CI 0.49 to 1.21, p = 0.250) were not. In a subsequent
model in which all established and novel cardiovascular risk factors were collectively
examined, only homocysteine (adjusted HR 2.12, 95% CI 1.47 to 3.04, p <0.001) and
fibrinogen (adjusted HR 2.80, 95% CI 1.60 to 4.89, p <0.001) predicted death.

CKD was significantly associated with all-cause mortality in unadjusted, multivariate-
adjusted, and propensity score–adjusted models (Table 3, Figure 1). When eGFR was
included in the models, only homocysteine (adjusted HR 1.92, 95% CI 1.28 to 2.87, p
<0.001) and fibrinogen (adjusted HR 2.99, 95% CI 1.69 to 5.30, p <0.001) predicted death,
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whereas the ratio of apo A to apo B, lipoprotein(a), triglycerides, and glucose failed to
predict all-cause mortality. Moreover, 38% of the association between CKD and mortality
was explained by the addition of homocysteine and fibrinogen to the full model, despite the
inclusion of all traditional cardiovascular risk factors and laboratory values.

Given that patients with CKD have elevated levels of homocysteine and fibrinogen, we
tested potential interactions between eGFR and these markers. A strong interaction between
homocysteine level and eGFR (adjusted p for interaction = 0.004) was noted whereby the
probability of death was significantly higher for the highest tertile of homocysteine,
especially for eGFR <60 ml/min/1.73 m2, as shown in Figure 2. Similarly, a trend toward a
significant interaction was noted for the association between fibrinogen and eGFR, also
shown in Figure 2 (adjusted p for interaction = 0.08).

Given the prevalence of CKD, we tested whether homocysteine or fibrinogen could
potentially identify those patients with CKD who are at increased risk for death. As shown
in Figure 3, the annual mortality rate was very similar (1%) for patients in the lowest tertile
of homocysteine regardless of eGFR. However, patients with CKD who were in the second
and third tertiles of homocysteine had significantly higher annual mortality rates compared
with those without CKD (6% to 8%). Fibrinogen also had significant predictive value when
added to eGFR; however, unlike homocysteine, it did not have discriminative value to
significantly predict low- versus high-risk patients.

Discussion
In this observational cohort study, homocysteine and fibrinogen levels explained 38% of the
association between CKD and mortality despite multiple adjustments for traditional as well
as novel cardiovascular risk factors. Although the association between CKD and
cardiovascular morbidity and mortality is irrefutable, no specific therapeutic measures
except addressing traditional cardiovascular risk factors are available. The present studies
are hypothesis generating and thus suggest homocysteine and fibrinogen as 2 potential
therapeutic targets that may affect CKD-associated mortality beyond addressing traditional
cardiovascular risk factors. Furthermore, we found an interaction between eGFR and
homocysteine, whereby patients with CKD who were in the lowest tertile of homocysteine
had low mortality risk, similar in fact to those without CKD. These results thus indicate that
homocysteine levels may be useful in risk stratifying patients with CKD, with a
homocysteine level <10 μmol/L being an excellent prognostic indicator with respect to
overall mortality.

Numerous previous studies have demonstrated elevated homocysteine levels in subjects with
CKD.7,8 Although the exact mechanisms for the elevated homocysteine levels in CKD are
unknown, a number of hypotheses exist. One obvious contributor is that the renal excretion
of homocysteine is reduced in patients with CKD. However, additional alternative
mechanisms may contribute as well. For example, alterations in remethylation pathways and
disturbance in cysteine disposal might also be impaired in patients with CKD.9 The net
consequences of elevated homocysteine levels may in turn be enhanced risk for the
development of atherosclerosis. Although recent clinical trials aimed at lowering
homocysteine levels have been disappointing, a preponderance of genetic and biochemical
data suggest that elevated homocysteine levels promote a proatherogenic phenotype, with
potential mechanisms including enhanced oxidative stress, inflammation, thrombosis, and
endothelial dysfunction.10,11 Indeed, it has been suggested that homocysteine has an
inhibitory effect on nitric oxide functional bioavailability, with resultant diminished
endothelium-dependent and endothelium-independent vasodilatation in patients with
hyperhomocysteinemia compared with healthy controls.12,13 The observed strong relation
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between homocysteine levels and mortality in CKD raises the intriguing hypothesis that
therapies aimed at lowering homocysteine may have potential clinical benefit in patients
with CKD.

Several large, prospective, randomized, placebo-controlled studies have examined the
clinical impact of homocysteine-lowering therapies in the general population, with
discouraging results. Although the impact of homocysteine reduction in end-stage renal
disease has been examined,14,15 lowering homocysteine levels in patients with CKD has not
yet been closely examined. The Atherosclerosis and Folic Acid Supplementation Trial
(ASFAST) examined the impact of folic acid supplementation in patients with chronic renal
failure.16 In this multicenter, randomized controlled trial, homocysteine levels were
significantly reduced, but no changes in fatal outcomes were observed. Although
informative, this study had several limitations for the present discussion, including a
heterogenous population, with most patients already receiving maintenance dialysis (of the
315 total subjects, 267 [85%] were receiving peritoneal dialysis or hemodialysis, and 48
[15%] had creatinine clearance <25 ml/min). Additionally, the most common cocktail of
vitamin supplements used in trials aimed at lowering homocysteine levels have included
folic acid and vitamin B12. It has been suggested, however, that in addition to lowering
homocysteine levels, these vitamins may promote alternative adverse effects that might
outweigh or mask any beneficial effect.10 For example, folic acid may promote cell
proliferation through thymidylate synthesis, the mechanism proposed to account for the
higher in-stent restenosis noted in subjects supplemented with folic acid, vitamin B12, and
vitamin B6.17 Alterations in methylation reactions through the modulation of methylation
potential (the ratio of S-adenosylmethionine to S-adenosylhomocysteine) has also been
suggested to have a potential proatherogenic impact.10 For this reason, alternative methods
for homocysteine reduction, such as enhancing urinary excretion or its conversion to
cysteine in the liver, are potential new therapeutic strategies.10 Others have recommended
parenteral cobalamin in addition to folic acid as an alternative to folic acid and vitamin B12
to enhance methionine synthase activity to decrease homocysteine levels.18 The present
study suggests that future trials may wish to focus on patients with earlyonset CKD, as
opposed to the general population, as a more likely cohort to benefit from homocysteine-
lowering therapeutic strategies.

Fibrinogen also demonstrated strong association with mortality, even after adjustments for
traditional and emerging risk factors. Fibrinogen is an acute-phase protein that affects
rheology, platelet aggregation, and coagulation19 and has prognostic implications in patients
with coronary artery disease.20 Elevated levels of fibrinogen have also been linked to
cardiovascular end points in patients with CKD and end-stage renal disease.21 In chronic
renal failure, the activation of interleukin-6 may lead to a heightened inflammatory state or
acute phase response and, consequently, elevated fibrinogen levels.22,23 Shlipak et al24

proposed that patients with CKD may also have decreased fibrinogen clearance. Evidence
shows that serum fibrinogen levels have been significantly correlated with the severity of
chronic renal insufficiency, even after adjustments for multiple confounders.24–26

The present study had several limitations. First, given its observational nature, the present
findings are hypothesis generating and do not establish causality. However, the contribution
of homocysteine and fibrinogen to the link between CKD and mortality was tested in
multiple models, including propensity-matched models, indicating that these nontraditional
risk factors can help explain nearly 40% of the attributable mortality risk associated with
CKD. Second, the glomerular filtration rate was estimated using the MDRD equation, which
was originally intended for patients with impaired renal function and may not represent the
true estimation of glomerular filtration rate. Additionally, MDRD is limited in its ability to
diagnose CKD in younger age groups. As a result, the present study only identified a portion
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of the patients with CKD. Hence, this reduced the discriminatory capabilities of the model.
However, compared with other measures of eGFR, such as the Cockcroft-Gault formula, it
may be superior.27 Third, we did not have high-sensitivity C-reactive protein data for all
patients, necessitating subgroup analyses on this cohort (n = 2,427) with only 61 deaths.
Fourth, nontraditional markers examined in the present study were evaluated in real time as
part of the initial patient assessment within an academic preventive cardiology clinic.
Although many nontraditional markers were monitored, a number of others were not
routinely available in subjects (e.g., LDL-associated phospholipase A2, lipoprotein
subfractions, myeloperoxidase, and the urinary microalbumin/creatinine ratio) and thus were
not included in the present analyses.
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Figure 1.
Kaplan-Meier curves according to CKD status.
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Figure 2.
(A) Adjusted probability of mortality for tertiles of homocysteine (HCys) according to
eGFR. EGFR is presented as a continuous measure on the x-axis and adjusted probability of
mortality on the y-axis. Subjects were divided by homocysteine tertiles (cut points were ≤10,
10.1 to 12.4, and ≥12.5 μmol/L from lowest to highest tertile). Note the interaction between
eGFR and homocysteine whereby as eGFR decreased, the highest tertile of homocysteine
was significantly associated with mortality, in contrast to the lowest and intermediate
tertiles. (B) Predictive value of fibrinogen according to CKD status. EGFR is presented as a
continuous measure on the x-axis and adjusted probability of mortality on the y-axis.
Subjects were divided by fibrinogen tertiles (cut points were ≤300, 301 to 350, and ≥351
mg/dl from lowest to highest tertile). Note that in general, there was an association between
decreasing eGFR and increasing mortality risk that was more prominent in the highest
compared with the lowest tertile of fibrinogen.
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Figure 3.
Subjects with CKD and low homocysteine had low mortality risk. Homocysteine is
presented as tertiles on the x-axis, CKD (defined as eGFR <60 ml/min/1.73 m2) on the y-
axis, and percentage annual mortality rate on the z-axis. Homocysteine tertile cut points
were ≤10, 10.1 to 12.4, and ≥12.5 μmol/L from lowest to highest tertile. Note that subjects
with eGFRs ≤60 ml/min/1.73 m2 had the same mortality (1% per year) as those with eGFRs
<60 ml/min/1.73 m2 if in the lowest tertile of homocysteine.
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