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Abstract

Background Chronic kidney disease (CKD) is

becoming a serious health problem; the number of

people with impaired renal function is rapidly rising,

especially in industrialized countries. A major com-

plication of CKD is cardiovascular disease. Acceler-

ated atherosclerosis has been observed in early stages

of renal dysfunction. The purpose of this study was to

examine the relationship between the degree of renal

insufficiency and both the prevalence and intensity of

coronary artery disease (assessed on the basis of

number of vessels with stenosis).

Methods 446 individuals with both serum creatinine

[120 lmol/l (men) or[96 lmol/l (women) and acute

coronary syndrome were included in the study. All

patients included in this analysis underwent urgent

coronarography. Data concerning glomerular filtration

rate (GFR), number of vessels with stenosis, hyper-

tension, lipid disorders, creatinine concentration,

C-reactive protein, glucose and lipid profile were

analyzed.

Results This study confirmed that moderate to severe

renal impairment is associated with accelerated ath-

erosclerosis. Moreover, patients with GFR values

below 60 ml/min/1.73 m2 are predisposed to acceler-

ated, multivessel cardiovascular disease.

Conclusions GFR seems to be an independent risk

factor for multivessel cardiovascular disease. Due to the

fact that patients with renal dysfunction are at high risk of

cardiovascular events, they should obtain optimal treat-

ment resulting not only in kidney protection but also in

the elimination of cardiovascular risk factors.

Keywords Atherosclerosis � Chronic kidney disease �
Comorbidities

Introduction

Chronic kidney disease (CKD) is becoming a serious

health problem; the number of people with impaired

renal function is rapidly rising, especially in industri-

alized countries [1]. Among the main reasons for this

situation are the increase of life span and wide

prevalence of concomitant diseases such as type 2

diabetes, hypertension and cardiovascular disease, all

of which may increase the risk of chronic kidney

disease occurrence.

A major complication of chronic kidney disease is

cardiovascular disease [2]. In patients with chronic
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renal disease, accelerated atherosclerosis has been

observed. It was demonstrated that atherosclerotic

lesions developed in early stages of renal dysfunction.

Moreover, intense thickening of the vascular wall of

peripheral arteries resulting from enhanced calcifica-

tion of arterial media was detected [2]. Increased risk

of cardiovascular disease in patients with renal disease

is the reason for their enhanced morbidity and

mortality. The risk of death from cardiovascular

disease (CAD) increases along with the decrease in

renal function. A slight decline in glomerular filtration

rate in the second stage of chronic renal disease results

in two- to threefold higher risk of CAD; in dialyzed

patients, this risk is increased from 10 to 100 times in

comparison with the general population [3].

In patients with impaired renal function, classical

cardiovascular risk factors are more common than in

the general population. Hypertension (HA) is one of

the main causes of chronic kidney disease and is

present in 70 % of CKD patients and in 80–90 % of

dialyzed patients [4, 5]. Also, dyslipidemia is highly

prevalent among patients with CKD [6, 7]. Lipid

disorders appear at the early stages of renal disease and

as CKD progresses, they become more intense.

Numerous studies have revealed that in CKD dialyzed

patients, the relation between cholesterol level and

mortality is frequently reversed, meaning that low

levels of TCH are associated with higher cardiovas-

cular mortality [8].

However, recent studies have suggested that in

patients with chronic kidney disease, the increased

occurrence of atherosclerosis is also associated with

novel risk factors such as chronic inflammatory state,

calcium–phosphate metabolism disturbances, oxida-

tive stress, malnutrition, anemia, fluid overload,

fluctuation in systemic fluid volume, disturbances in

coagulation system, accumulation of metabolic prod-

ucts and numerous undefined toxic agents [9, 10].

The purpose of this study was to examine the

relationship between the degree of renal insufficiency

and both the prevalence and intensity of coronary

artery disease (assessed on the basis of number of

vessels with stenosis).

Subjects and methods

This retrospective population-based study included

446 individuals (173 women and 273 men) with

negative history of diabetes mellitus (DM) and

disorders of carbohydrate metabolism who were

admitted to the Dept. of Interventional Cardiology,

Cardiodiabetology and Cardiac Rehabilitation WAM

University Hospital of Lodz. Patients with both serum

creatinine [120 lmol/l (men) or [96 lmol/l

(women) and acute coronary syndrome (ACS) were

included in the study group. Patients with DM,

neoplastic and systemic diseases, and people in shock

and with hyperthyroidism or hypothyroidism were

excluded from the study. Estimated glomerular filtra-

tion rate (eGFR) was calculated for all subjects using

the MDRD equation [11]. Serum creatinine was

measured before percutaneous coronary intervention

(PCI) and in some patients also after the procedure.

On the basis of the eGFR, patients were divided into

subgroups according to the stage of chronic kidney

disease [12]. Data concerning the former occurrence

of HA, lipid disorders and their treatment as well as

smoking status were included in the analysis. Hyper-

tension was diagnosed during patients’ stay in hospital

according to ESH/ESC Hypertension Guidelines

([140 mmHg systolic and/or 90 mmHg diastolic

pressure) [13] or on the basis of previous diagnosis

and implemented hypertensive treatment. Lipid dis-

orders were also diagnosed during patients’ stay in

hospital or previous diagnosis according to ESC

guidelines [hypercholesterolemia: total cholesterol

(TC) [ 190 mg/dl ([5 mmol/l), low density lipopro-

tein (LDL-C) [ 115 mg/dl ([3 mmol/l); hypertri-

glyceridemia: triglycerides (TG) [ 150 mg/dl ([1.7

mmol/l); mixed hyperlipidemia: TC [ 190 mg/dl

([5 mmol/l), LDL-C [ 115 mg/dl ([5 mmol/l) and

TG [ 150 mg/dl ([1.7 mmol/l); low concentration of

HDL \ 40 mg/dl (\1 mmol/l) in men, \45 mg/dl

(\1.2 mmol/l) in women] [14].

Ischemic changes were detected on the basis of

electrocardiogram. Data concerning concentration of

creatinine, urea, C-reactive protein (CRP), glucose

and lipid profile were obtained from patients’ hospital

records. Moreover, in hospital, every patient under-

went blood pressure measurement and anthropometric

examination (e.g., weight, height, circumference of

the abdomen) in order to calculate body mass index

(BMI). All patients included in this analysis under-

went urgent coronarography. On the basis of corona-

rography results, patients were assigned to subgroups

according to the number of vessels with atheroscle-

rotic lesions. Narrowing of more than 50 % of the
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lumen of coronary arteries (LCA, LCX and RCA) and

30 % or more of the left main coronary artery were

treated as significant. The narrowing of LCA, LCX or

RCA was treated as one-vessel disease, left main

coronary artery stenosis or narrowing of two vessels as

double-vessel disease and narrowing of three vessels

or left main coronary artery stenosis and one vessel as

3-vessel disease.

Logistic regression was used to analyze the relation-

ship between dichotomous-dependent variables and both

continuous and discrete independent variables. Variables

which significantly altered univariate model adjustment

were included in the multivariable analysis. Since the

relationship between GFR values and the risk of

accelerated atherosclerosis in coronary vessels (on the

basis of coronarography) was nonlinear, the analysis of

logistic regression was supplemented with ROC curve

analysis. Such analysis resulted in calculation of the GFR

value at which this variable reached optimal resolution

for the prediction of increased risk of intense atheroscle-

rotic changes in coronary vessels. The results of logistic

regression analysis were confirmed by testing the area

under the ROC curve with the hypothetical value of 0.5.

STATISTICA and SPSS PC programs were used for

calculations. A significance level a\ 0.05 was used in

all tests.

Results

Patients in the study group were on average

62.34 ± 10.84 years old (66.42 ± 10.30 women;

59.75 ± 10.38 men) with mean BMI 27.71 ± 3.86

(27.75 ± 4.30 women, 27.69 ± 3.59 men). Patients’

baseline clinical and biochemical characteristics are

presented in Table 1.

The analysis of the association between GFR (CKD

stage) and other variables revealed that HA was

mainly present in stage IV CKD patients (100.0 % of

patients in this group) and in those with atherosclerotic

lesions in 3 vessels (69.6 %). It occurred rarely in

patients with stage II CKD (51.4 %) and in those with

atherosclerotic changes in 1 vessel (54.8 %). Lipid

disorders were most frequent in patients with stage IV

CKD (88.9 %) and in those with atherosclerotic

changes in 1 or 3 vessels (76.7 and 76.5 %, respec-

tively). It was less frequent in stage V CKD (37.5 %)

and in patients with no changes in vessels (56.8 %).

Nicotinism was observed mostly in patients with GFR

above 90 ml/min/1.73 m2 (60.0 %) and in those with

changes in 1 vessel (34.9 %). BMI C30 kg/m2 was

most common among patients with stage IV and V

CKD (33.3 and 33.3 %, respectively) and in those

without any plaques in vessels (32.4 %). CRP above

the upper limit was observed mainly in patients with

stage IV CKD (77.8 %) and in those with atheroscle-

rotic plaque in three vessels (35.1 %). Results are

summarized in Table 2.

Table 1 Characteristics of patients

Sex Mean SD Mean ± SD

Age Women 68.03 10.01 64.05 ± 10.73

Men 61.16 10.31

BMI (kg/m2) Women 28.80 6.00 28.49 ± 4.86

Men 28.30 3.96

Diabetes (%) Women 30.28 – 26.3 %

Men 23.3 –

Hypertension (%) Women 73.24 – 66.9 %

Men 62.31 –

Lipid disorders Women 72.89 – 69.7 %

Men 64.43 –

Smoking status Women 15.14 – 22.1 %

Men 27.18 –

HbA1c C 6.1 % Women 48.24 – 43.8

Men 40.51 –

CRP C 6 Women 26.06 – 24.9

Men 24.10 –

Atherosclerotic lesions: No. % %

No changes 65 9.6 9.6

In 1 vessel 193 28.6 90.4 %

In 2 vessels 195 28.9

In 3 vessels 221 32.8

MDRD-GFR

before PCI

GFR

range

No. % %

C90 36 5.3 47.1

60–89 281 41.7

30–59 317 47.0 52.9

15–29 25 3.7

\15 15 2.2

MDRD-GFR after

PCI

GFR

range

No. % %

C90 27 6.5 48.8

60–89 175 42.3

30–59 187 45.2 51.2

15–29 17 4.1

\15 8 1.9
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On the basis of collected data, three logistic

regression models were created. First, data were

analyzed using a univariate logistic regression model,

and then, multivariable models were created. In

univariate models, the association between the number

of vessels with atherosclerotic plaque (dichotomous-

dependent variable) and independent variables such as

age, sex, BMI, circumference of the abdomen, hyper-

tension, lipid disorders, nicotinism, CRP level, creat-

inine level and GFR (every stage separately) was

analyzed. The dependent variable could have one of

two values: lack of changes in vessel or changes in at

least 1 vessel in the first model; changes in 1 vessel or

changes in at least 2 vessels in the second model; and

changes in at least 2 vessels or changes in 3 vessels in

the third model. Statistically significant associations

were observed between the occurrence of atheroscle-

rotic plaque in at least 1 vessel and age (p = 0.008),

lipid disorders (p = 0.012), exposure to cigarette

smoke (p = 0.014), between atherosclerotic plaque

in at least 2 vessels and age (p = 0.008), circumfer-

ence (p = 0.37), HA (p = 0.035), CRP [ norm

(p = 0.027), creatinine level [ norm (p = 0.024), as

well as between the occurrence of atherosclerotic

plaque in at least 3 vessels and age (p = 0.026), HA

(p = 0.037), creatinine level [ norm (p \ 0.001),

GFR (continuous variable) (p = 0.001) and GFR

(B29 ml/min/1.72 m2) (p = 0.009) (Table 3).

To indicate independent risk factors for atheroscle-

rotic plaque occurrence in at least 1, 2, 3 vessels,

multivariable logistic regression models were created.

Only in the case of 1 vessel, statistically significant

relationships were found (Table 4). The risk of

changes in vessels increases by 4.4 % with age.

Smoking increases the risk of lesions in vessels 4.5-

fold.

The association between the occurrence of athero-

sclerotic plaques and GFR (calculated before and after

PCI) was analyzed by ROC curves. Values of area

under ROC curves and the results of significance tests

are summarized in Table 5. A statistically significant

result was obtained only in the case of 3 vessels. This

result is in accordance with the results of logistic

Table 2 The association between CKD stage and other variables

CKD stage

I II III IV V

N % N % N % N % N %

Diabetes mellitus (DM) 3 8.8 42 15.2 111 36.0 14 60.9 7 46.7

Newly recognized DM 1 2.8 16 5.7 16 5.0 0 0.0 0 0.0

HbA1c C 6.1 10 29.4 99 36.8 161 58.1 18 75.0 7 58.3

BMI C 30 7 22.6 77 31.8 89 39.4 9 60.0 2 22.2

Lipid disorders 28 77.8 219 77.9 225 71.0 17 68.0 9 60.0

Hypertension 20 55.6 159 56.6 252 79.5 24 96.0 12 80.0

Exposure to cigarette smoke 18 50.0 92 32.7 35 11.0 3 12.0 1 6.7

CRP [ 6 7 21.2 52 20.2 87 35.8 18 81.8 4 50.0

Table 3 Results of one-factorial model of logistic regression

for the occurrence of changes in at least 1, 2 and 3 vessels

Independent variables OR -95 %

CI

?95 %

CI

p

At least one vessel

Age 1.041 1.010 1.072 0.008

Lipid disorders 2.265 1.197 4.287 0.012

Exposure to smoke 3.327 1.280 8.649 0.014

At least two vessels

Age 1.027 1.007 1.047 0.008

Hypertension 1.565 1.031 2.374 0.035

Lipid disorders 0.856 0.532 1.376 0.520

Creatinine [ norm 1.633 1.067 2.499 0.024

At least three vessels

Age 1.024 1.003 1.045 0.026

Hypertension 1.635 1.030 2.595 0.037

CRP [ norm 1.648 0.991 2.742 0.054

Creatinine [ norm 2.323 1.494 3.613 \0.001

GFR (continuous

variable)

0.980 0.969 0.992 0.001

GFR B 29 7.333 1.633 32.925 0.009
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regression analysis. On the basis of the ROC curve, the

GFR value at which the test reached optimal resolution

for the prediction of increased risk of intense athero-

sclerotic changes in coronary vessels was calculated.

Patients with GFR equal to 54 ml/min/1.73 m2 were at

highest risk of developing 3-vessel disease.

Using the calculated GFR, another multivariable

logistic regression model was created. In this analysis,

the independent variable GFR had one of the follow-

ing values: GFR \ 54 or GFR C 54. Results of this

analysis are presented in Table 6.

This analysis demonstrated the existence of one

independent risk factor for the development of

atherosclerosis in 3 vessels: GFR \ 54 increases

nearly twofold the risk of 3-vessel atherosclerosis in

comparison with risk of 2-vessel disease.

Discussion

Numerous epidemiological studies have analyzed risk

factors associated with atherosclerosis development.

Common atherosclerotic risk factors include age, sex

(male), lipid disorders, HA, diabetes, obesity, smok-

ing, lack of physical activity and also genetic predis-

position. In this study, atherosclerotic risk was mainly

connected with lipid disorders (71.3 %), HA (59.6 %),

nicotinism (27.8 %) and obesity (22.6 %). The results

of this study are in agreement with the POLKARD

SPOK [15] study conducted on Polish population.

Recently, some studies have revealed that even a

slight renal impairment manifested by microalbumin-

uria and increase in GFR poses an essential, but

underestimated, cardiovascular risk factor. It is diffi-

cult to decide whether kidney disease itself is

connected with the increased cardiovascular risk,

since it is often accompanied by numerous athero-

sclerosis risk factors. It was observed that among

people with impaired renal function, the frequency of

cardiovascular disease occurrence is much higher than

in the general population [16–19].

According to studies, cardiovascular events are

3.5–100 times greater in dialysis-dependent CKD

patients than the general population [18, 19]. Patients

with CKD have also much greater mortality from

myocardial infarctions (MIs) [20, 21]. Wright et al.

[20] demonstrated that the mortality of patients

receiving dialysis reaches 60 % in the first year after

a first MI, while in-hospital mortality after an MI is

2 % in subjects with normal renal function, 6 % with

mild CKD, 14 % with moderate CKD, 21 % with

severe CKD and 30 % in dialysis patients [20]. Also a

large prospective population-based cohort study dem-

onstrated a graded and independent association

between renal function and the risk of MI in an elderly

population [22]. The authors observed the association

between mild renal insufficiency and increased risk of

cardiovascular disease, which, as they suggested,

could be explained by the fact that renal insufficiency

itself might initiate and accelerate CAD [22]. Accord-

ing to the authors, the impact of renal insufficiency on

the development of CAD may be greater than com-

monly thought. Thus, the assessment and treatment of

decreased renal function at an early stage may prove

helpful in the prevention of CAD [22].

This study demonstrated that 44.4 % of patients

who underwent coronarography due to ACS had

GFR \ 60 ml/min/1.73 m2, meaning that nearly half

of those patients were in at least stage III of CKD.

These results are in accordance with the study of

Othake et al. [23], who observed advanced athero-

sclerosis in dialyzed patients without any symptoms of

ACS. Over half of them (53 %) had significant

Table 4 Results of multifunctional model of logistic

regression

Independent

variables

OR -95 %

CI

?95 %

CI

p

At least one vessel

Age 1.044 1.010 1.079 0.011

Exposure to smoke 4.442 1.643 12.014 0.003

Table 5 Results of analysis of ROC curves (changes in 3

vessels)

Tested variable Field SD Asymptotic

significance

95 %

Asymptotic

confidence

interval

GFR before PCI 0.630 0.038 0.001 0.554 0.705

GFR after PCI 0.589 0.041 0.025 0.509 0.669

Table 6 Results of multivariable logistic regression model

(changes in 3 vessels)

Independent variable OR -95 % CI ?95 % CI p

GFR \ 54 1.971 1.266 3.067 0.003
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stenosis in coronary arteries (C50 %). Single-vessel

disease was diagnosed in 62.5 %, double-vessel

disease in 25 % and 3-vessel disease in 12.5 %. Also

Gradus et al. [24] reported an association between

renal disease and the number of atherosclerotic

lesions.

In patients especially with end-stage CKD, the

number of co-existing cardiovascular risk factors is

high. Apart from HA, in these patients, enhanced

inflammatory and oxidative stress, anemia and cal-

cium–phosphate metabolism disturbances have been

observed. Such disturbances may lead not only to the

progression of kidney disease, but also to accelerated

atherosclerosis, calcification of lesions and intima-

media thickening [9, 25].

Also, this study demonstrated that renal impairment

is associated with the occurrence of classical athero-

sclerotic risk factors and with progression of athero-

sclerosis. The analysis of the association between GFR

fraction and other variables revealed that lipid disor-

ders occurred most frequently in patients with stage IV

CKD and in those with atherosclerotic changes in 1 or

3 vessels. HA was mainly present in stage IV CKD

patients and those with atherosclerotic lesions in three

vessels. CRP levels exceeding the upper limit were

observed especially in patients with stage IV CKD and

in those with atherosclerotic plaque in 3 vessels. These

results may suggest that risk factors co-existing with

CKD promote atherosclerosis. Regression analyses

revealed the association between the occurrence of

atherosclerotic plaque and age, HA, lipid disorders,

smoking status, CRP and creatinine and decreased

GFR. Also, Khalique et al. [26] observed high

prevalence of classical CAD risk factors in patients

with CKD. In their study, hyperlipidemia was detected

in 77 % of patients with GFR \ 60 ml/min/1.73 m2,

HA in 74 % and DM in 43 % [26].

Although high cardiovascular morbidity and mor-

tality are observed in CKD patients, there are only a

few clinical studies concerning this problem. Among

86 studies regarding various methods of CAD treat-

ment published between 1998 and 2005, as many as

80 % of them excluded patients with end-stage renal

disease and 75 % excluded patients in earlier CKD

stages [27].

In this study, the influence of GFR on the occur-

rence of atherosclerotic lesions was analyzed using

ROC curves. Statistically significant results were

obtained only in the case of 3 vessels. Lack of

association between GFR value and the occurrence of

changes in at least 1 as well as in at least 2 vessels is in

accordance with the results of logistic regression

analysis. ROC analysis demonstrated that patients

having GFR equal to 54 ml/min/1.73 m2 were at the

highest risk of developing 3-vessel disease. Another

analysis demonstrated the existence of only 1 inde-

pendent risk factor for the development of atheroscle-

rosis in 3 vessels. GFR \ 54 increased the risk of

3-vessel atherosclerosis nearly twofold in comparison

to 2-vessel disease. These results confirm the thesis

that decreased GFR is an independent risk factor for

3-vessel disease. The risk of 3-vessel atherosclerosis

in patients in stage IV and V of CKD is 7.3-fold higher

than in patients with stage I CKD. This study

confirmed that moderate to severe impairment of

kidney function (stages III, IV, V) is associated with

accelerated atherosclerosis and that GFR \ 60 ml/

min/1.73 m2 predisposes to the development of

advanced, multivessel cardiovascular disease.

The number of publications concerning the con-

nection between GFR value and the number of vessels

with atherosclerotic plaque is very low. One of these

studies [26] demonstrated that in patients with stage

III, IV and V CKD, 1-vessel disease was present in

87 % of patients and 3-vessel disease in 53 % of

patients. In the group of patients with slightly

decreased GFR or with normal renal function, 71 %

had stenosis in 1 vessel and only 23 % suffered from

3-vessel disease [26].

The increase in the risk of cardiovascular incidents

in patients with mild renal impairment was also

observed in other studies. According to Vanholder

et al. [28], GFR \ 75 ml/min/1.73 m2 is associated

with higher risk of CAD and its further decrease by

every 10 ml/min/1.73 m2 results in an increased risk

of cardiovascular end-point events by 20 %. Gibson

et al. [29] found that in patients with ACS without ST

elevation (NSTEMI ACS), a decrease in renal function

is linked to a higher percentage of 3-vessel disease and

that eGFR is independently associated with 30-day

and 6-month mortality [29].

This study confirmed that moderate to severe renal

impairment (stage III, IV, V CKD by K/DOQI) is

associated with accelerated atherosclerosis, and it

demonstrated that eGFR \ 54 ml/min/1.73 m2 is the

strongest independent predictor of the risk of ACS in

renal patients with three coronary vessels involve-

ment. Moreover, patients with GFR values below
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60 ml/min/1.73 m2 are predestined to accelerated,

multivessel cardiovascular disease. GFR seems to be

an independent risk factor for multivessel cardiovas-

cular disease. Due to the fact that patients with renal

dysfunction are at high risk of cardiovascular events,

they should obtain optimal treatment resulting not

only in kidney protection but also in the elimination of

cardiovascular risk factors.

Study limitations

A limitation of the study is the fact that serum

creatinine was measured after acute coronary disease

and the estimated GFR on admission was susceptible

to the initial hemodynamic state of the patient and so

could not accurately reflect baseline renal function.

However, according to a study of creatinine level at

admission, it is one of the most important covariates in

early prognostic stratification of patients with non-ST-

elevation acute coronary syndrome [30]. In this study,

creatinine level was not the only parameter for the

assessment of renal function. Another limitation is that

data concerning proteinuria were not available in this

study. Moreover, coronary calcification was not

assessed and Ca and P ions, calcium–phosphorus

product (CaxP) and parathyroid hormone (PTH) were

not examined in this study. Moreover, there was no

follow-up; thus, the information concerning possible

CV complications in patients is not available.
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