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Purpose: Coronary artery calcification (CAC) has been described in individuals
with chronic kidney disease (CKD), and its presence is associated with an in-
creased risk of cardiovascular death. However, it is unclear whether there is an in-
dependent relationship between renal function and CAC. Therefore, we evaluated
the association between renal function and CAC. Materials and Methods: We
retrospectively reviewed 870 Korean patients who had undergone computed to-
mographic coronary angiography. The glomerular filtration rate (GFR) was esti-
mated using the Modification of Diet in Renal Disease study formula with an eth-
nic factor for the Korean population. The CKD stages were classified using
estimated GFR (eGFR) and proteinuria. Results: The mean age of the participants
was 56.8+11.8 years, and the mean eGFR was 89.4+16.5 mL/min/1.73 m?. Hyper-
tension and diabetes were noted in 41.5 and 17.0% of patients, respectively. There
were 584 and 286 patients with no CAC and with CAC, respectively. After adjust-
ing for confounding variables, late stage CKD was associated with CAC [odds ra-
tio (OR) 2.80, 95% confidence interval (CI) 1.05-7.46]. However, early stage
CKD was not associated with CAC (OR 1.61, 95% CI 0.92-2.82). Diabetes was
an independent risk factor of CAC (OR 2.06, 95% CI 1.36-3.13). There was no
significant association between proteinuria and CAC (OR 1.65, 95% CI 0.96-
2.85). Conclusion: CAC is related to late stage CKD in nondialyzed patients.
These findings emphasize that individuals with CAC should be considered a high-
risk population for decreased renal function.

Key Words: Chronic kidney disease, coronary artery calcification, proteinuria, re-
nal function

INTRODUCTION

Cardiovascular disease (CVD) is a significant clinical problem and the most com-
mon cause of morbidity and mortality in patients with chronic kidney disease
(CKD)." As the glomerular filtration rate (GFR) decreases, the relative risk of mor-
tality from CVD increases.” In patients with CKD, the rates of cardiovascular mor-
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bidity and mortality are higher than those in people with
normal renal function and are well behind the rates expected
based on traditional risk factors.® Therefore, other factors are
responsible for the excessive cardiovascular events in CKD.
Numerous mechanisms link CKD and CVD. Traditional
and nontraditional risk factors, such as mineral metabolism
abnormalities, are associated with coronary artery calcifica-
tion (CAC) in patients with coronary artery disease and
CKD.* Vascular calcification is a potential mechanism that
explains the association between renal function and cardio-
vascular mortality. Vascular calcification is a severe vascu-
lar change that has been increasingly recognized as a signif-
icant predictor of cardiovascular morbidity and mortality.
Some studies have shown that renal impairment is asso-
ciated with higher CAC scores in non-dialysis and dialysis
patients,™ while in other studies the association between
impaired renal function and CAC either was not significant
or strongly attenuated after adjusting for cardiovascular risk
factors.!!! Tt is unclear whether there is an independent re-
lationship between renal function and CAC, as previous
studies have produced conflicting results regarding this re-
lationship. Therefore, this study evaluated the association
between renal function and CAC in nondialyzed patients.

MATERIALS AND METHODS

Study population

We retrospectively reviewed 870 consecutive Korean sub-
jects who had undergone multislice computed tomography
(CT) coronary angiography at Gachon University Gil Hos-
pital from January 2008 to December 2009. Their medical
records were reviewed to obtain demographic data, infor-
mation on the presence of traditional cardiac risk factors,
blood pressure (BP), and laboratory results. Hypertension
was defined as a systolic BP >140 mm Hg, a diastolic BP
>90 mm Hg, or current use of antihypertensive medication.
Diabetes was defined as a fasting glucose >126 mg/dL or
use of hypoglycemic medications. Body mass index (BMI)
was calculated as weight in kilograms divided by height in
meters squared. The estimated GFR (eGFR) was calculated
from the serum creatinine level measured in closest prox-
imity to the multislice CT coronary angiography using the
Modification of Diet in Renal Disease study formula with
an ethnic factor for the Korean population.'?!3 Proteinuria
was defined as the presence of +1 or more proteinuria upon
random-urine dipstick analysis. CKD stages were then clas-

sified using the eGFR and proteinuria data.'* Stage 1 or 2
CKD was defined as proteinuria with eGFR >60 mL/min/
1.73 m? Stage 3 or 4 CKD was defined as eGFR 15-60
mL/min/1.73 m?.

We assessed CAC using a Somatom Definitions dual-
source CT scanner (Siemens Medical Systems, Forchheim,
Germany), utilizing a calcium threshold of >130 Houn-
sfield units. As Agatston, et al."” described, CAC score was
determined by multiplying the area of each calcified lesion
by a weighting factor corresponding to the peak pixel inten-
sity for each lesion. The sum of each lesion for all coronary
arteries was used for analyses. All images were scored by a
single radiologist. CAC was categorized as being either
present (Agatston score >0) or absent.

The study protocol was approved by the local medical
ethics committee.

Statistical analysis

The results are reported as mean+SD or numbers (percent-
ages). Differences in baseline characteristics were com-
pared across CKD stages using an analysis of variance and
the chi-square test or Fisher’s exact test for categorical vari-
ables, as appropriate. To identify the factors associated with
each independent variable of CKD stage, diabetes and pro-
teinuria, all variables with p<0.10 were entered into the
multivariate regression analysis. The covariate-adjusted
odds ratios (OR) and their 95% confidence intervals (CI)
according to CKD stage, diabetes and proteinuria were de-
rived in multiple logistic regression models for CAC. When
the associations between the CAC score and various pa-
rameters were evaluated, the distribution of CAC scores
was non-normal; subsequently, the analysis comparing
CAC score and renal function was performed using log-
transformed [In (1+absolute CAC score)] CAC scores. In-
dependent factors associated with CAC were determined
by multiple linear regression analysis. Values with p<0.05
were considered statistically significant. The data analysis
was conducted using SPSS software version 12.0 for Win-
dows (SPSS Inc., Chicago, IL, USA).

RESULTS

The baseline characteristics of the study population are
shown in Table 1. In total, 870 subjects were analyzed. The
mean age of the participants was 56.8+11.8 years, and the
mean eGFR was 89.4+16.5 mL/min/1.73 m?. There were
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Table 1. Baseline Characteristics of the Study Population

Total (n=870)

Chronic kidney disease stages

No. (n=762) Stage 1 or 2 (n=77) Stage 3 or 4 (n=31) p value
Age (yrs) 56.8+11.8 56.0+11.5 59.9+12.6 68.5+9.0 <0.001
Male (%) 419 (48.2) 372 (48.8) 37 (48.1) 10 (32.3) 0.195
Current smoker (%) 140 (16.1) 129 (16.9) 70.1) 4(12.9) 0.283
Hypertension (%) 361 (41.5) 296 (38.8) 44 (57.1) 21(67.7) <0.001
Diabetes (%) 150 (17.0) 118 (15.5) 22 (28.6) 10(32.3) 0.001
Body mass index (kg/m’) 25.143.5 25.0+3.4 25.8+4.0 25.7+4.1 0.163
Systolic BP (mm Hg) 128+18 128+18 130+19 129+20 0.401
Diastolic BP (mm Hg) 7712 77£12 78+13 76+13 0.705
CAC score (AU) 92+337 624227 201+475 567+1061 <0.001
eGFR (mL/min/1.73m") 89.4+16.5 91.1+14.9 88.3+16.0 52.148.7 <0.001
Albumin (g/dL) 4.4+0.3 4.4+0.3 4.3+0.4 4.1+0.5 <0.001
Ca (mg/dL) 9.0+0.5 9.0+0.5 8.9+0.5 9.0+0.4 0.225
P (mg/dL) 3.840.6 3.840.6 3.840.8 4.1+0.8 0.021
CaxP product (mg*/dL”) 34.2+6.7 34.1+6.6 34.1+7.2 37.2+7.0 0.084
Total cholesterol (mg/dL) 192+40 193+40 189+40 19145 0.895
Triglyceride (mg/dL) 147498 14699 152+81 151£93 0.895
Proteinuria 87 (10.0) 0(0) 77 (100) 10(32.3) <0.001

BP. blood pressure; CAC, coronary artery calcification; GFR, estimated glomerular filtration rate; Ca, calcium; P, phosphorus.

Data are expressed as mean+SD or number (%).

584 patients with CAC and 286 without CAC. Compared
with the subjects without CKD, the patients with CKD were
older, had a higher CAC score as well as lower albumin, and
more of these patients had a history of diabetes and hyperten-
sion. However, there was no significant difference in current
smoking status, BMI, systolic BP, diastolic BP, calcium-
phosphorus (CaxP) product, or total cholesterol among the
three groups.

The distributions of CAC scores according to CKD stage
in the total study population, in the nondiabetic and diabetic
populations, and in the populations with and without pro-
teinuria are shown in Fig. 1. For the total population without
CKD, the CAC scores were 0, 1-100, 101-400, and >400 in
70.1, 17.6, 7.8, and 4.5%, respectively. The frequency of
CAC was 1.5-fold higher among participants with stage 1 or
2 CKD (46.8%) and was more than 2-fold higher among
participants with stage 3 or 4 CKD (71.0%), compared to
participants without CKD (29.9%). In the nondiabetic popu-
lation, CAC was detected in 26.2% of patients without
CKD, 38.2% with stage 1 or 2 CKD, and 61.9% with stage
3 or 4 CKD. Among the diabetics, CAC was noted in 47.5%
of those without CKD, 68.2% with stage 1 or 2 CKD, and
90.0% with stage 3 or 4 CKD. In the population without
proteinuria, CAC was seen in 29.9% of the patients without
CKD and 71.4% of those with stage 3 or 4 CKD. Of those
with proteinuria, CAC was seen in 46.8% of those with

stage 1 or 2 CKD and 70.0% with stage 3 or 4 CKD.

The relationship between CAC and CKD stages is shown
in Table 2. After adjusting for confounding variables, in-
cluding age, gender, hypertension, and diabetes, CAC was
associated with stage 3 or 4 CKD (OR 2.80, 95% CI 1.05-
7.46, p=0.039), but not with stage 1 or 2 CKD (OR 1.61,
95% C10.92-2.82, p=0.099).

The association of CAC with diabetes is shown in Table
3. Diabetics had CAC more frequently than non-diabetics
(53.3% vs. 28.6%, p<0.001). After adjusting for confound-
ing variables, including age, gender, hypertension, eGFR,
and proteinuria, diabetes was a risk factor for CAC (OR
2.06, 95% CI 1.36-3.13, p<0.001).

The relationship between CAC and proteinuria is shown
in Table 4. More subjects with proteinuria had CAC than
those without proteinuria (49.4% vs. 31.0%, p=0.001).
There was an association between proteinuria and CAC in
the unadjusted analysis, while there was no significant asso-
ciation between proteinuria and CAC after adjusting for the
confounding variables, including age, gender, hypertension,
diabetes, and eGFR (OR 1.65, 95% CI 0.96-2.85, p=0.070).

The multiple linear regression analysis for independent
factors associated with the log-transformed CAC score is
shown in Table 5. Therein, CAC scores were correlated
with age, male, hypertension, diabetes, eGFR <60 mL/
min/1.73 m?, and proteinuria.
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Fig. 1. Distribution of coronary artery calcification (CAC) scores according to chronic kidney disease (CKD) stage. (A) All patients, (B)
stratified by the presence of diabetes, and (C) stratified by the presence of proteinuria.

Table 2. Association of Coronary Artery Calcification (CAC) with Chronic Kidney Disease (CKD) Stage

No CKD Stage 1 or 2 CKD

Stage 3 or 4 CKD

Participants with CAC [/N (%)]
Unadjusted odds ratio (95% CI)
Adjusted odds ratio (95% CI)*

228/762 (29.9)
1.00 (reference)
1.00 (reference)

36/77 (46.7)
2.06 (1.28-3.30)
1.61 (0.92-2.82)

22/31 (71.0)
5.73 (2.60-12.63)
2.80 (1.05-7.46)

*Adjusted for age, gender, hypertension, and diabetes.

Table 3. Association of Coronary Artery Calcification (CAC) with Diabetes

No diabetes Diabetes p value
Participants with CAC [0/N (%)] 206/720 (28.6) 80/150 (53.3) <0.001
Unadjusted odds ratio (95% CI) 1.00 2.85(1.99-4.08) <0.001
Adjusted odds ratio (95% CI)* 1.00 2.06 (1.36-3.13) <0.001
eGFR, estimated glomerular filtration rate.
*Adjusted for age, gender, hypertension, eGFR, and proteinuria.
Table 4. Association of Coronary Artery Calcification (CAC) with Proteinuria
No proteinuria Proteinuria p value
Participants with CAC [/N (%)] 243/783 (31.0) 43/87 (49.4) 0.001
Unadjusted odds ratio (95% CI) 1.00 2.17 (1.39-3.39) <0.001
Adjusted odds ratio (95% CI)* 1.00 1.65 (0.96-2.85) 0.070

eGFR, estimated glomerular filtration rate.
*Adjusted for age, gender, hypertension, diabetes, and eGFR.
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DISCUSSION

This study found that CAC was related to a moderately im-
paired renal function in nondialyzed patients. Renal func-
tion may play an important role in the prevalence and pro-
gression of CAC. It has been suggested that CAC starts
early in the course of CKD and progresses with the deterio-
ration in renal function.'® In an animal study, calcification
of the aorta and heart in rats with a 5/6 nephrectomy accel-
erated renal disease progression, and a reduction in the cal-
cification-related changes may have ameliorated the renal
dysfunction associated with renal calcification. It is possible
that calcification-related changes are related to a decrease in
GFR and that calcification of the heart may be an indicator
of calcification-related changes.!” However, previous epide-
miological studies found conflicting results regarding the
relationship between renal function and CAC. Kramer, et
al.! evaluated 2660 participants with a median age of 49
years in the Dallas Heart Study and observed a strong asso-
ciation between CKD and CAC among diabetic partici-
pants. By contrast, Fox, et al.'’ evaluated 319 participants in
the Framingham Heart Study, with a mean eGFR of 86 mL/
min/1.73 m? and a mean age of 60 years, and observed an
association between a lower eGFR and a higher prevalence
of CAC in an unadjusted analysis, but the association was
of marginal statistical significance after multivariate adjust-
ment for cardiovascular risk. Watanabe, et al.'® revealed that
the prevalence of severe CAC increased gradually based on
the progression of CKD, but the result was not significant.
Ix, et al."® showed that the higher burden of CAC is unlike-
ly to explain the association between mild to moderate kid-
ney dysfunction found among 6749 participants in the
Multi-Ethnic Study of Atherosclerosis, with a mean GFR of
79 mL/min/1.73 m? and a mean age of 63 years. Cho, et
al.!” found no significant association between a decrease in
eGFR and a CAC score >100 after adjusting for proteinuria
and other confounding factors. This discrepancy might be
explained by differences in the characteristics of the study
populations, such as age, renal function and comorbidity, as
well as the use of different CAC criteria.

Diabetes is a strong risk factor for vascular calcification
independent of renal function.*?! The association between
CKD and increased CAC score differs substantially with
the presence of diabetes. In the Dallas Heart Study, a strong
association was found between CKD and CAC among par-
ticipants with diabetes, but no association was found in the

Table 5. Multiple Linear Regression Analysis for Indepen-
dent Factors Associated with Log-Transformed Coronary
Artery Calcification Scores

B p value
Age (yrs) 0.439 <0.001
Gender (male) 0.168 <0.001
Hypertension 0.071 0.019
Diabetes 0.090 0.003
eGFR <60 mL/min/1.73m’ 0.148 <0.001
Proteinuria 0.073 0.013

eGFR, estimated glomerular filtration rate.

nondiabetic stratum."" Two other studies reported positive
relationships between CKD and CAC, yet both investiga-
tions studied individuals with diabetes exclusively.”>* In-
creased CAC scores in CKD patients with diabetes may re-
flect end-organ damage caused by multiple metabolic
derangements. Decreased GFR in diabetic patients may
contribute to changes in the levels of calcium-regulating
glycoproteins or cytokines, which can interact with hyper-
glycemia and accelerate the development or progression of
atherosclerosis.!! Calcium precipitates in coronary athero-
sclerotic arteries by the glycoproteins found in bone forma-
tion.?* Decreased serum levels of extracellular calcium-reg-
ulatory proteins have been implicated as risk factors for
excess vascular calcification in patients with CKD?¢ and
may be operative in patients who have diabetes and a de-
creased GFR. However, the associations between CKD and
CAC within these studies may have been confounded by a
longer duration or increased severity of diabetes, rather
than reflecting an independent association of kidney disease
with calcification.

We observed that CAC scores were related to proteinuria
and there was a likely association between proteinuria and
the presence of CAC. There was an association between
proteinuria and CAC in the unadjusted analysis, but the as-
sociation was not statistically significant after multivariate
adjustment. Cho, et al."” found significant differences in the
prevalence of CAC scores >100 between stage 3 CKD with
and without proteinuria. A recent study showed that micro-
albuminuria is associated with a greater incidence and de-
gree of progression of CAC in individuals free of coronary
heart disease.”” Further longitudinal studies are needed to
evaluate the relationship between CAC and proteinuria.

Our study had several limitations. First, the study was
retrospective; therefore, it was difficult to infer causality be-
tween CAC and renal function, and selection bias may have
influenced the results. Second, we had no data on medica-
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tion use, such as the use of phosphate binders or lipid-low-

ering agents.

In conclusion, CAC is related to late stage CKD in non-

dialyzed patients. Our findings emphasize that individuals

with CAC should be considered a high-risk population for

decreased renal function. This might help explain the in-

creased risk of cardiovascular disease in patients with CKD.

Further exploration is clearly needed to evaluate the rela-
tionship between CAC and renal function.
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