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Figure 1. Prevalence of coronary artery disease (CAD) in relation to
apolipoprotein B and fibrinogen concentrations and the number of

kringle-IV (K-IV) repeats of apobipoprotein(a). n is the number of

samples in each group.

lipoprotein B, the LMW apo(a) phenotype, male sex, age,

fibrinogen level, diabetes mellitus, and HDL cholesterol (Table

5). This final model classified 76% of the patients correctly for

having CAD. We compared univariate OR of these variables

with conditional OR of the final multivariate model and found

similar values, with the exception of HDL cholesterol (data not

shown), which indicates that HDL cholesterol is not indepen-

dent from the other variables.

Because age and levels of fibrinogen and triglyceride were

associated with both CAD and diabetic status in univariate

analysis, we introduced interaction terms for the diabetic status

and these three variables to detect a possible effect modifica-

tion. Repeating the logistic regression analysis, we found no

effect by the introduction of the diabetes-fibrinogen and dia-

betes-triglyceride interaction terms, but did find a significant

effect by the introduction of the diabetes-age interaction term

(x2 5.62, P < 0.05). We therefore decided to perform the
analysis separately for patients bel4’ and above the mean age

of 58 yr. This cutoff is justified by the high rate of patients with

diabetes mellitus type II who had a mean age of 65 yr. Because

0

CAD rarely occurred in the 44 patients younger than 35 yr of

age (2.3%, or one case), we excluded these patients in the

following step to avoid a “dilution” of the effects. The patient

group aged 35 to 58 yr included 237 patients. of whom 46

(19.4%) showed CAD. Logistic regression analysis found that

fibrinogen, the LMW apo(a) phenotype. and HDL cholesterol

were significant predictors for the prevalence of CAD (Table

5). This final model classified 83% of the patients correctly for

having CAD. These variables can be considered independent

because univariate OR did not markedly differ from the con-

ditional OR of the multivariate model. Although the frequency

of CAD in this age group tended to be higher in diabetic than

nondiabetic patients (26% versus 17%), diabetes mellitus

failed to be a significant marker for CAD in multivariate

analysis (P = 0.19). The older patient group consisted of 326

patients and showed a markedly higher prevalence of CAD

compared with the younger group (34.0% versus’ 19.4%, P <

0.001 ). Regression analysis found that apolipoprotein B. male

sex, and diabetes mellitus were associated with CAD, and this

model classified 68% of the patients correctly. All three van-

abbes were independently associated with CAD. The LMW

apo(a) phenotype showed a borderline association (P < 0. 1);

fibninogen failed to be a marker in this age group.

Discussion
We describe three major findings in this investigation of a

large group of unselected hemodiabysis patients with a wide

range in age. ( 1 ) CAD occurs frequently in hemodialysis

patients, with an even higher prevalence in diabetic patients.

(2) CAD is strongly associated with age. male sex, diabetes

mellitus, LMW apo(a) isoforms, high levels of apolipoprotein

B and fibrinogen. and low bevels of HDL cholesterol. (3) The

association of these variables with CAD differs between age

groups.

Patients with end-stage renal disease have an extremely high

risk for atherosclerotic complications (1-5). A 3- to 5-yr fol-

low-up of 6742 end-stage renal disease patients revealed a

relative risk of death from myocardial infarction five times

higher than in the general population (2). A prospective study

of 305 patients with end-stage renal disease described a car-

diovascular mortality 10 times higher and for diabetic patients

more than 40 times higher than for the general population (3).

In agreement with these studies, we found a prevalence of

CAD in an unselected group of diabetic and nondiabetic he-

modialysis patients of 35 and 22%, respectively. This preva-

lence is probably markedly higher in reality because only 30

and 22%, respectively, of these patients underwent a coronary

angiography and because a study in diabetic patients showed a

high frequency of symptomless but angiographically verified

CAD (37). On the other hand, approximately 50% of dialysis

patients with clinical angina pectoris have no significant cor-

onary artery occlusion (38). Therefore. we minimized false

positive results by performing a coronary angiography in pa-

tients with symptoms of angina pectoris. We are aware that

designation of CAD would be more reliable if performed by

coronary angiography in the whole patient group independent

of whether patients have symptoms. whether they are younger
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Table 3. Univaniate analysis of diabetic patients with and without CAD

Characteristic

Patient Group

‘#{176}Value
Without CAD With CAD

(‘I = 131) (0 = 69)

Age (yr) 59 ± 13 64 ± 12 0.05

Male sex (%) 50 62 0.1

Months of dialysis” 26 ± 36 25 ± 3 1 NS

Body mass index (kg/m2) 25.0 ± 4.6 24.7 ± 4.2 NS
Current smoker (%) 16 21 NS

Hypertension (%) 77 62 0.05
Systolic BP (mmHg) 141 ± 19 140 ± 21 NS

Diastolic BP (mmHg) 77 ± 10 77 ± 9 NS

Total cholesterol (mg/db) 227 ± 60 233 ± 70 NS

HDL cholesterol (mg/dl) 39.0 ± 17.7 35.6 ± 17.3 NS
LDL cholesterol (mg/dl) 137 ± 49 146 ± 54 NS

Triglycerides (mg/dl: mean ± SD)�’ median 293 ± 197 314 ± 230 NS

217 245 NS

Apolipoprotein A-I (mg/dl) 123 ± 32 1 13 ± 26 0.05

Apobipoprotein B (mg/dl) 132 ± 40 148 ± 56 0.05
Lp(a) (mg/dl: mean :�: SD)� median 25.3 ± 34.9 28.1 ± 32.4 NS

12.5 10.9 NS

LMW apo(a) phenotypes (%)b 20.6 33.3 0.05

Fibninogen (mg/dl) 400 ± 123 457 ± 139 0.01

.‘ Wilcoxon rank sum test was used due to non-normal distribution of the variable; other continuous variables were compared by

unpaired I test.
h Low molecular weight apo(a) phenotype.

or older. and whether they are men or women. Because this

was not possible in our study, we decided to use very strict

criteria, i.e. , definitive myocardial infarction or coronary an-

giography. or both, in patients with clinical symptoms sugges-

tive of CAD. We found for diabetic patients a similar preva-

lence of CAD (35%) in a recent study that included 105

consecutive diabetic patients of the same geographic area un-

dergoing coronary angiography regardless of clinical symp-

toms. Of these patients. 36% presented with hemodynamically

significant CAD, and an additional 1 1% showed coronary

atherosclerosis without hemodynamically relevant stenosis

(39).

The fact that diabetic patients have a higher prevalence of

CAD than nondiabetic patients (35% versus 22%, P < 0.001)

may (besides the diabetes mellitus per se) be partially ex-

plained by the higher frequency of hypertension, higher body

mass index, and triglyceride serum concentrations. The time on

dialysis treatment, however, was markedly shorter in diabetic

patients (26 versus 53 mo, P < 0.001 ), which was possibly

caused by a decreased survival time of dialyzed diabetic pa-

tients (40) compared with nondiabetic patients. In agreement

with an earlier study (12), we observed no significant differ-

ences in Lp(a) concentrations or apo(a) phenotype distribution,

as well as total, HDL, and LDL cholesterol between diabetic

and nondiabetic hemodialysis patients. Only triglyceride con-

centrations were higher in diabetic patients (Table I).

Besides the three classic risk factors for atherosclerosis (age,

male sex, and diabetes mellitus), serum concentrations of apo-

lipoprotein B, fibrinogen, and HDL cholesterol, as well as the

frequency of LMW apo(a) phenotype, were significantly asso-

ciated with CAD in the entire patient group (Table 5). Fibrin-

ogen is described as a risk factor for atherosclerosis in the

general population ( 1 9). and elevated levels have been reported

in patients with chronic renal failure (20-22). Peritoneal dial-

ysis patients with CAD were found to have higher fibrinogen

levels than those without CAD (22). However, a study of 71

end-stage renal disease patients treated by hemodialysis or

peritoneab dialysis found cardiovascular disease in 23 patients

that was not associated with higher fibrinogen levels in mul-

tivaniate analysis (21 ). Another report on 24 patients with

vascular disease described fibrinogen levels similar to those in

26 patients without such complications (23). These contrasting

results may be explained by the small patient groups investi-

gated (21-23). In the study presented here, fibrinogen was

significantly higher in the entire group of CAD patients ( 158 of

607 patients) in univariate and multivariate analysis. As with

apolipoprotein B, this association is supported by a continu-

ously increasing prevalence of CAD with increasing levels of

fibninogen (Figure 1). It is unclear, however, why fibrinogen

was not predictive of CAD in the older patient group (Table 5).

In the general population, a prospective study in 2 1 ,520 men

found apolipoprotein B most strongly and independently asso-

ciated with the risk for ischemic heart disease. This association

was stronger than for other lipids and apolipoproteins (41).
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Table 4. Univariate analysis of nondiabetic patients with and without CAD

Characteristic

Patient Group

�#{176}ValueWithout CAD With CAD
(n = 318) (ii = 89)

Age (yr) 56 ± 16 62 ± 10 0.001

Male sex (%) 48 65 0.01

Months of dialysisa 53 ± 56 57 ± 55 NS

Body mass index (kg/rn2) 23.0 ± 3.5 22.5 ± 3.3 NS

Current smoker (%) 26 26 NS

Hypertension (%) 47 49 NS

Systolic BP (mmHg) I 34 ± 1 9 1 33 ± 1 8 NS

Diastolic BP (mmHg) 76 ± 10 74 ± 9 NS

Total cholesterol (mg/dl) 216 ± 58 231 ± 54 0.05

HDL cholesterol (mg/dl) 41.0 ± 16.5 36.5 ± 13.5 0.05

LDL cholesterol (mg/dl) 1 35 ± 46 1 5 1 ± 47 0.01

Triglycerides (mg/dl; mean ± SD)� median 209 ± 153

175

244 ± 164

197

0.06

0.06

Apolipoprotein A-I (mg/dl) 123 ± 28 1 19 ± 27 NS

Apolipoprotein B (mg/dl) 127 ± 39 145 ± 40 0.001

Lp(a) (mg/dl; mean ± SD)� median 20.8 ± 28.3

8.6

25.4 ± 29.5

14.4

0.1

0.1

LMW apo(a) phenotypes (%)“ 24.8 36.0 0.05

Fibrinogen (mg/dl) 374 ± 107 427 ± 125 0.001

a Wilcoxon rank sum test was used due to non-normal distribution of the variable; other continuous variables were compared by

unpaired t test.
b Low molecular weight apo(a) phenotype.

When we separated our patients into two age groups (35 to 58

yr versus >58 yr). apolipoprotein B was found to correlate

with the risk for CAD only in the older group. This may be due

to the fact that diabetes was more frequent in the older group

compared with the younger group (38.7% versus 27.8%, P <

0.01) and to the reported observation that apolipoprotein B is

higher in diabetic patients (42). Total and LDL cholesterol did

not correlate with CAD by multivariate analysis. These find-

ings are in accordance with those of Attman and Alaupovic,

who suggested that the atherogenic potential of dyslipidemia in

renal disease depends more on apolipoprotein than on lipid

abnormalities and therefore may not always be recognized by

measurement of lipids alone (9,43). Previous studies described

elevated triglyceride and decreased HDL cholesterol levels in

hemodialysis patients with CAD (8,44). Our study, which

included a markedly higher number of patients, observed these

changes in univariate analysis. In multivariate analysis, HDL

cholesterol was associated with CAD, especially in younger

patients (Table 5); triglycerides, however, clearly failed to be

predictive.

In the general population, numerous studies found lipids and

lipoproteins related to CAD. High total and LDL cholesterol

and low HDL cholesterol values, as well as in some studies

high triglyceride concentrations, have been demonstrated to be

associated with an increased risk for CAD. Apolipoproteins

such as apolipoprotein A-I or B were related to CAD in several

of these studies (reviewed in reference 45). This raises the

question, Why does a parameter such as LDL cholesterol,

which is a potent predictor in the general population. fail to be

predictive in hemodialysis patients? Besides other reasons, we

must bear in mind that the measurement of parameters in the

hemodialysis phase provides a single static view of exposure to

risk factors at a given moment, ignoring the changeable expo-

sure to risk factors during the development of renal disease.

These patients often have experienced a long phase of hyper-

cholesterolemia during the development of renal disease and

are now normo- or hypocholesterobemic. Therefore, the pre-

dictive value of this actually measured parameter might be

diminished.

There is clear evidence from numerous studies that Lp(a) is

elevated in hemodialysis patients (reviewed in reference 1 1).

This is of special importance because most, but not all, of the

prospective and numerous retrospective studies in the general

population have described an independent association between

high Lp(a) concentrations and CAD or other atherosclerotic

complications (reviewed in references 45 and 46). Only a few

studies with a sufficient number of patients have investigated

this association in renal disease patients. Cressman et al. fob-

lowed 1 29 hemodialysis patients prospectively for 48 mo (47).

Lp(a) levels in the 26 patients with atherosclerotic events were

significantly higher than in those without events. A heteroge-

neous study group, including hemodialysis, peritoneal. and

renal transplant patients, reported symptomatic arterial disease

in 92 of 325 patients (48). The symptomatic patients had
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Table 5. Stepwise logistic regression analysis to predict CAD status in hemodialysis patients�’

Variable Coefficient SEM (9S�RCI) P Value

Total group (n = 607)

constant -4.271 0.977 19.10

apolipoprotein B (increment 20 mg/dl) 0.176 0.052 12.61 1.19 (1.08 to 1.32) <0.001

LMW apo(a) phenotyp&’ 0.746 0.230 10.51 2.1 1 (1.34 to 3.31) 0.001

sex ( 1 = female, 2 = male) 0.737 0.228 10.44 2.09 (1 .34 to 3.27) 0.001

age (increment 5 yr) 0.131 0.042 9.94 1.14 (1.05 to 1.24) <0.005

fibrinogen (increment 50 mg/dl) 0.1 16 0.044 7.13 1.12 (1.03 to 1.22) <0.01

diabetes mellitus (0 = no, 1 = yes) 0.521 0.215 5.84 1.68 (1.10 to 2.57) <0.02

HDL cholesterol (increment 10 mg/dl) -0.015 0.007 3.98 0.99 (0.97 to 0.999) <0.05

Age 35 to 58 yr (ii = 237)

constant -0.296 1.166 0.06

fibrinogen (increment 50 mg/dl) 0.267 0.077 1 1.96 1.31 (1.12 to 1.52) <0.001

LMW apo(a) phenotyp&’ I .237 0.434 8. 13 3.45 (1 .47 to 8.07) <0.005

HDL cholesterol (increment 10 mg/dl) -0.292 0.133 4.79 0.75 (0.58 to 0.97) <0.05

Age >58 yr (ii = 326)

constant -2.770 0.794 12.17

sex (I = female, 2 = male) 0.864 0.260 1 1.07 2.37 (1.43 to 3.95) <0.001

apolipoprotein B (increment 20 mg/dl) 0.183 0.057 10.27 1.20 (1.07 to 1.34) <0.005

diabetes mellitus (0 = no, I = yes) 0.532 0.250 4.54 1.70 (1.04 to 2.78) <0.05

LMW apo(a) phenotype” 0.442 0.264 2.80 1.56 (0.93 to 2.61) 0.09

a Analysis was performed for the total group and separately for the age groups 35 to 58 yr and >58 yr (58 yr corresponds to the mean

age of the total patient group). OR, odds ratio; CI, confidence interval. Other abbreviations as in Table 1.
h Apo(a) phenotype: I = high molecular weight; 2 = low molecular weight.

significantly higher Lp(a) concentrations and a higher fre-

quency of LMW apo(a) phenotypes (48). Prospective studies in

the general population demonstrated that patients who devel-

oped CAD during the observation period had 30 to 50% higher

Lp(a) concentrations than those remaining free of CAD (46).

Recent statistical simulations with Lp(a) concentrations dem-

onstrated that at least 100 patients per group in case control

studies are necessary to detect such a difference in an unam-

biguous manner (11,12). Although we investigated 607 pa-

tients, we did not find a significant elevation of Lp(a) in

hemodialysis patients with CAD. Instead of Lp(a), the fre-

quency of LMW apo(a) phenotypes was significantly higher in

patients with CAD compared to those without CAD (34.8%

versus 23.6%, P < 0.01). This result is in accordance with a

recent study (1 8), which found that the LMW apo(a) phenotype

was more predictive of the prevalence and degree of carotid

atherosclerosis than were Lp(a) plasma concentrations in a

group of 167 hemodialysis patients. This finding was explained

by the apo(a) phenotype-specific elevation of Lp(a) found in

hemodialysis patients ( 12,33): because Lp(a) in hemodialysis

patients increases only in patients with HMW apo(a) pheno-

types, the Lp(a) levels of these patients come closer to those of

LMW apo(a) phenotypes. It has therefore been suggested that

hemodialysis patients can no longer be discriminated for high

and low risk by means of Lp(a) concentrations alone. In

contrast, the genetically determined apo(a) phenotype that de-

termines predisease Lp(a) concentrations also reflects the

former “baseline” atherosclerosis risk before development of

end-stage renal disease (18).

The proposed model is in agreement with observations in

our patients in whom the apo(a) phenotype was more predic-

tive of CAD status than Lp(a) concentrations. Furthermore, it

concurs with a study in peritoneal dialysis patients with CAD,

in which Lp(a) was only slightly elevated but the frequency of

LMW apo(a) phenotypes was twice as high as in patients

without CAD (49). Renal disease seems to be the only condi-

tion in which the apo(a) phenotype is a better predictor for

CAD (49) or atherosclerotic complication ( 1 8) than the Lp(a)

concentration. Nonrenal disease patients with CAD show an

increased frequency of LMW apo(a) phenotypes (3 1,50). In

multivariate analysis, however, the Lp(a) concentration ex-

eludes the apo(a) phenotype from the model due to the strong

negative correlation between the molecular weight of apo(a)

isoforms and Lp(a) plasma concentrations (10). In patients

with renal disease, this relation is weakened by the elevation of

Lp(a) in HMW apo(a) phenotypes. Therefore, the apo(a) phe-

notype, which also reflects the former atherosclerosis risk, is

more predictive of CAD than Lp(a) levels.

When we divided the patients in six groups depending on the

number of K-IV repeats of apo(a), we observed that the fre-

quency of CAD was especially elevated in those 105 patients

with 20 to 22 K-IV repeats (Figure 1). Comparing patients with

the lowest number of K-IV repeats (1 1-19 K-IV) to patients

with the highest number of repeats revealed, surprisingly, a
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similar prevalence of CAD, which seems to be a contradiction.

However, patients with 1 1 to 19 K-IV repeats had [with the

exception of Lp(a) concentrations] a more favorable athero-

sclerosis risk profile. Because this is a case control study

without prospective observation, we cannot exclude a survival

bias: A higher number of patients with 1 1 to 19 K-IV repeats

and a less favorable atherosclerosis risk profile might have

passed away at the time of examination and the surviving

patients compensated for their disadvantage of the apo(a) size

polymorphism by a more favorable risk profile. This hypoth-

esis should, however, be confirmed by future large prospective

studies.

Similar to a previous study (1 8), the apo(a) phenotype was

not predictive in the older age group of our patients. The OR

for patients with an LMW apo(a) phenotype was significantly

elevated in the total patient group (OR, 2. 1 1 ; P = 0.001 ) and

in the younger patient group (OR, 3.45; P < 0.005), but did not

reach significance in the older group (OR, 1 .56; P = 0.09)

(Table 5). This agrees with observations from the general

population that Lp(a) is a risk factor for premature CAD

( 1 3- 15), but less of a risk factor in patients >55 yr old( IS).

In summary, CAD risk in hemodialysis patients may be

explained in part by classic risk factors such as age, male sex,

and diabetes mellitus. In contrast to most lipids and lipopro-

teins, apolipoprotein B, HDL cholesterol, the LMW apo(a)

phenotype, and fibrinogen are predictive of CAD in various

age groups. This study extends previous findings in a smaller

hemodialysis patient group investigating carotid atherosclero-

sis (1 8) to CAD and demonstrates that the apo(a) phenotype is

of reliable predictive value for CAD in patients with end-stage

renal disease.
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