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Background and objectives: Vascular calcification is common and severe in chronic kidney disease. Because the consequences of calcification may differ by vascular beds, we sought to test the hypothesis that patients who have diabetes with
proteinuria and have significant renal artery calcification (RAC) have a higher risk for progression to ESRD.
Design, setting, participants, & measurements: Using electron-beam computed tomography, RAC was computed as the sum
of Agatston scores at each of the two renal ostia and renal arteries. Time-to-event analysis was conducted to compare the risk
in individuals with or without significant RAC (total score >10).
Results: Of 172 patients with type 2 diabetes and overt proteinuria studied (estimated GFR 56 ⴞ 25 ml/min per 1.73 m2),
significant RAC was present in 31%. In 33 ⴞ 21 months, 41 progressed to ESRD and 65 reached a composite outcome (ESRD
or death). Serum phosphorus was a significant predictor of progression to ESRD but was replaced by the significant RAC in
multivariate models that included the latter. Individuals with significant RAC had a higher risk for reaching the composite
outcome. In contrast, there was no association between coronary artery calcification scores and progression to ESRD.
Conclusions: Significant RAC was an independent predictor of progression to ESRD as well as reaching the composite
outcome. Understanding the pathogenesis of RAC would allow determination of whether this risk is potentially modifiable.
Clin J Am Soc Nephrol 5: 2093–2100, 2010. doi: 10.2215/CJN.03730410

A

dvancing chronic kidney disease (CKD) is characterized by a progressive inability to excrete phosphorus
and is associated with worsening abnormalities in
mineral metabolism. Changes such as an increase in serum
parathyroid hormone and fibroblast growth factor 23 begin
early during the course of CKD and serve to maintain serum
phosphorus within the reference range in most patients until
late in the course of the disease (1–3). In addition to inducing
renal osteodystrophy, higher serum phosphorus levels within
the reference range are associated with higher risk for all-cause
mortality in individuals with and without CKD (4,5). Furthermore, epidemiologic studies of patients with CKD have shown
a graded relationship between serum phosphorus levels and
rate of loss of GFR or progression to ESRD (6 – 8). The biological
basis of this association in humans has not been well studied;
however, CKD is associated with intrarenal calcification in
animal models, which is ameliorated with dietary phosphorus
restriction (9 –12). Furthermore, vascular calcification is an active cell-mediated process, and phosphorus has been shown to
be an important mediator for the induction and progression of
vascular calcification in cell culture and animal studies (13,14),
so it seems reasonable to postulate that extraskeletal calcifica-
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tion may be a biological basis for the association that is seen
between serum phosphorus and progression of CKD.
Vascular calcification begins early and is often severe early
during the course of CKD, particularly among those with diabetes. Most of the studies in CKD have focused on either
coronary or peripheral arterial calcification. The prognostic
value of coronary artery calcification (CAC) has been established in many populations— our group has extended these
findings to patients with diabetes and proteinuria (15)— however, calcification occurs in many vascular beds, including the
renal arteries (16 –20). The clinical relevance of renal artery
calcification (RAC) has heretofore not been studied. We undertook this study to test the hypothesis that among patients with
diabetes and proteinuria, the presence of significant RAC is
associated with a higher risk for progression to ESRD and a
composite outcome of either progression to ESRD or all-cause
mortality.

Materials and Methods
Patients and Baseline Assessment
For this analysis, we pooled the data from participants who were
enrolled in two prospective study cohorts; the primary purpose of each
of the two studies was to evaluate racial/ethnic differences in the
severity of CAC in patients with type 2 diabetes and proteinuria. Some
of the results from these cohorts have been published previously
(15,21–24). Among 195 eligible patients from the two cohort studies,
renal artery images were available for 172. The individuals for whom
the renal artery images were not available (n ⫽ 23) were more likely to
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be Latino (87 versus 66%; P ⫽ 0.05) and had lower median body mass
index (26 ⫾ 8 versus 30 ⫾ 9 kg/m2, P ⫽ 0.01) and higher mean estimated
GFR (eGFR; 65 ⫾ 20 versus 56 ⫾ 25 ml/min per 1.73 m2; P ⫽ 0.08). Of
these 23 participants, five progressed to ESRD and three died. There
was no significant difference between the time to event between the 172
individuals who were included in the analysis when compared with
those who were excluded (by log rank test, P ⫽ 0.94 and 0.62 for
progression to ESRD and composite outcome, respectively).
The inclusion and exclusion criteria and the methods were almost
identical for both studies. The definitions for type 2 diabetes and
diabetic nephropathy were adapted from those used by the National
Institutes of Health–sponsored Family Investigation of Nephropathy in
Diabetes (FIND) with minor modifications (25). Patients were deemed
to have type 2 diabetes when the disease was diagnosed at ⱖ30 years
of age and the patient had been treated with either diet or oral hypoglycemic agents for at least 6 months. Diabetic nephropathy was diagnosed either by the presence of typical histologic changes on renal
biopsy or by clinical criteria: Urine protein-creatinine ratio ⱖ0.5
mg/mg either at the time of enrollment or in the preceding 12 months
in individuals with diabetes duration of ⱖ10 years or of ⱖ5 years in the
presence of retinopathy. Dialysis-dependent patients or those with a
previous renal transplant were excluded.
All eligible patients who consented to participate in the study were
scheduled for an outpatient clinic visit at the General Clinical Research
Center at the Los Angeles Biomedical Institute at Harbor-UCLA Medical Center. The patients were asked to fast and bring all of the prescribed medication on the scheduled day. All of the data collected were
used to determine the prevalence and/or severity of traditional, renalrelated, and diabetes-related risk factors. Intact parathyroid hormone
concentrations were measured using an immunochemiluminometric
assay (Quest Diagnostic Nichols Institute, San Juan Capistrano, CA;
reference range 10 to 65 pg/ml), 25-hydroxyvitamin D [25(OH)D] levels
using liquid chromatography and tandem mass spectroscopy (Quest
Diagnostic Laboratory; analytic sensitivity 4 ng/ml), and albumin using the bromocresol purple method. Clinical evidence of cardiovascular
disease was defined as the presence of one of the following: Angina on
the Rose questionnaire, a history of either myocardial infarction or
previous revascularization, or stroke. GFR was estimated using the
four-variable equation from the Modification of Diet in Renal Disease
(MDRD) study (26,27). The study was approved by the institutional
review board at the Los Angeles Biomedical Research Institute.

Measurement of RAC
Electron-beam computed tomographic scans were performed for the
measurement of CAC; the scans were extended to image the upper
abdomen to include the entire length of both kidneys. The scans were
acquired using 2.5-mm collimation and 5-mm slices that provided
overlapping images, including the renal arteries. The severity of RAC
was scored using the Agatston method, as has been used in the MultiEthnic Study of Atherosclerosis (MESA) for measurement of coronary
calcium (28,29). Calcified foci were defined as regions with a density of
⬎130 Hounsfield units and an area of ⱖ3 contiguous pixels (1.0 mm2).
Both the renal artery and ostia were evaluated by a reader who was
blind to the clinical conditions of the study participants. RAC score in
this study represents the sum of the calcium score at both the renal
artery and the ostia bilaterally. A patient was categorized as having
significant RAC when the total score was ⬎10, as is often used in the
studies of CAC (30 –32). Representative images from two of the study
participants are presented in Figure 1.
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Figure 1. Representative images of RAC in two study participants. The total RAC score in these patients were 424 (A) and
447 (B), respectively.

Patient Follow-up and Ascertainment of Outcomes
Two primary end points were used in this study: Progression to
ESRD and a composite outcome of either progression to ESRD or
all-cause mortality. As per the study protocol, patients and/or their
next of kin were contacted by telephone at 6-month intervals to ascertain the occurrence of either progression to ESRD or death, up until
November 1, 2009. For patients who could not be contacted by telephone, at least two certified letters were sent followed by a home visit
by one of the members of the study staff. This information was supplemented by merging the data from this study with that available
from the US Renal Data System (USRDS, data available through December 31, 2008) and screening the National Death Index (NDI; data
available through December 31, 2007).

Statistical Analysis
Continuous variables are expressed as mean ⫾ SD or as median
(interquartile range), as appropriate, and categorical variables are expressed as percentages. The significance of difference of continuous
variables between individuals with and without significant RAC was
tested using either t test or Mann-Whitney rank-sum test, as appropriate. The difference in the distribution of categorical variables was tested
using the 2 test. Multivariate, logistic regression analysis was conducted to determine the independent predictors of significant RAC. All
predictors with a P ⬍ 0.10 were considered using forward selection for
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inclusion in a final parsimonious model. Two models were run: One
that included only demographic and clinical variables and one that also
included CAC scores.
Time-to-event survival analysis was used to determine the independent predictors of the risk of progression to ESRD or the composite end
point. Univariate analyses to determine the association of each of the
variables listed in Table 1 with each of the two outcomes was performed using Cox proportional hazards. The assumption of proportional hazards was confirmed using the Schoenfeld residual test. For
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avoidance of making the assumption that the risk with various continuous variables was linear, they were transformed into categorical variables (two groups, using the median as a cutoff value; a third category
of missing data was created for variables, if indicated). All predictors
with a P ⬍ 0.10 on univariate analyses were considered for inclusion in
the multivariate model using forward selection. For each of the two
outcomes, four models were built: first, in which the presence of
significant RAC was forced into the model, a second in which significant CAC was forced into the model, a third in which both renal and

Table 1. Baseline characteristics of 172 study participants, categorized by the absence or presence of significant
RAC
RAC
Characteristic
Sample size (n)
RAC score (median 关range兴)
Demographics
age (years; mean ⫾ SD)
male gender (%)
race/ethnicity (%)a
non-Latino white
non-Latino black
Latino
other
Clinical characteristics
diabetes duration (years; mean ⫾ SD)
history of cardiovascular disease (%)
current smoker (%)
BMI (kg/m2; median 关IQR兴)
SBP (mmHg; mean ⫾ SD)
DBP (mmHg; mean ⫾ SD)
ankle brachial index (%)
⬍0.9
0.9 to 1.3
⬎1.3
Laboratory data
serum creatinine (mg/dl; median 关IQR兴)
eGFR (ml/min per 1.73 m2; mean ⫾ SD)
HbA1c (%; median 关IQR兴)
total cholesterol (mg/dl; median 关IQR兴)
LDL cholesterol (mg/dl; median 关IQR兴)
corrected serum calcium (mg/dl; mean ⫾ SD)
serum phosphorus (mg/dl; mean ⫾ SD)
serum PTH (pg/ml; median 关IQR兴
serum 25(OH)D (ng/ml; median 关IQR兴)
C-reactive protein (mg/L: median 关IQR兴)
serum albumin (g/dl; mean ⫾ SD)
urine protein-creatinine ratio (mg/mg; median 关IQR兴)
Baseline medical therapyb
ACEIs or ARBs (%)
␤ blocker (%)
no. of antihypertensive agents (median 关IQR兴)
aspirin (%)
lipid-lowering agents (%)
phosphate binders (%)
active vitamin D (%)
CAC score
median (IQR)
range (%)
0 to 10
11 to 99
100 to 400
⬎400

Entire Cohort

P
Not Significant (ⱕ10)

Significant (⬎10)

172
0 (0 to 1541)

118
0 (0 to 10)

54
91 (11 to 1541)

57 ⫾ 7
56

56 ⫾ 7
61

60 ⫾ 7
46

13
17
66
4

11
20
65
3

19
9
69
4

15 ⫾ 6
42
17
30 (9)
154 ⫾ 26
77 ⫾ 13

15 ⫾ 6
31
18
30 (9)
156 ⫾ 27
77 ⫾ 13

16 ⫾ 7
65
15
31 (9)
151 ⫾ 25
75 ⫾ 12

22
57
21

22
60
17

21
49
30

1.4 (0.8)
56 ⫾ 25
7.8 (2.7)
190 (63)
107 (45)
9.8 ⫾ 0.4
4.3 ⫾ 0.7
49 (52)
22 (15)
0.4 (1)
3.2 ⫾ 0.5
2.2 (4.2)

1.5 (0.8)
58 ⫾ 26
7.8 (3.1)
182 (68)
105 (57)
9.8 ⫾ 0.4
4.2 ⫾ 0.8
47 (52)
20 (14)
0.4 (0.7)
3.2 ⫾ 0.5
2.5 (4.3)

1.3 (1.0)
51 ⫾ 22
7.8 (2.0)
190 (53)
112 (52)
9.8 ⫾ 0.4
4.3 ⫾ 0.6
55 (55)
24 (16)
0.4 (0.7)
3.3 ⫾ 0.5
1.8 (3.2)

0.68
0.11
0.99
0.57
0.58
0.33
0.53
0.32
0.09
0.57
0.12
0.22

72
50
3 (1)
45
63
3
1

72
46
3 (1)
42
59
2
0

72
59
2 (2)
52
74
6
4

0.68
0.11
0.14
0.27
0.03

158 (469)

85 (275)

497 (974)

26
16
31
27

34
20
31
15

9
7
30
54

⬍0.001
⬍0.001

⬍0.001
0.07
0.12

0.35
⬍0.001
0.61
0.81
0.30
0.26
0.16

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; DBP, diastolic
BP; IQR, interquartile range; PTH, parathyroid hormone.
a
Other not included in 2 test.
b
Data for medications at baseline was missing for 15 patients.
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CAC were forced in the model, and a fourth that did not include the
presence of either significant renal or CAC. The variables considered
for inclusion in the model for risk of progression to ESRD were diabetes
duration; systolic BP (SBP); eGFR; glycosylated hemoglobin (HbA1c);
serum phosphorus, 25(OH)D, and albumin; urine protein-creatinine
ratio; and treatment with angiotensin-converting enzyme inhibitors
and/or angiotensin receptor blockers. The variables considered for
inclusion in the model for risk for reaching the composite outcome
were SBP; eGFR; HbA1c; serum calcium, phosphorus, and albumin;
urine protein-creatinine ratio; and treatment with ␤ blockers.
Sensitivity analysis was performed using alternative cutoff values for
RAC score. Because the median RAC score for individuals with nonzero scores was 45, the study cohort was divided into three groups: 0,
ⱕ45, and ⬎45 (n ⫽ 109, 31, and 31, respectively). Multivariate models
were built for each of the two outcomes using the same variables as
identified to be significantly associated with outcome in the primary
analysis. All statistical analyses were performed using PASW Statistics 17.0 (SPSS, Chicago, IL) and STATA 11.0 (Stata Corp, College
Station, TX).

Results
Patient Characteristics and Predictors of Significant RAC
Significant RAC was present in 31% of the study participants.
In contrast, significant CAC (score ⬎10) was present in 74% of
participants. The characteristics of the study cohort, categorized
by the absence or presence of significant RAC, are summarized
in Table 1; individuals with significant RAC were older, were
more likely to have cardiovascular disease, and had higher
CAC scores. There was no significant difference in eGFR, CKD
stage, or any measures of mineral metabolism between individuals in the two groups. Using multivariate logistic regression models, increasing age, female gender, history of cardiovascular disease, and higher CAC scores were identified as
independent predictors of significant RAC (Table 2).

Association of RAC with Progression to ESRD

During a mean observation period of 33 ⫾ 21 months, 41
individuals progressed to ESRD, 33 died, and 65 reached the
composite outcome of either progression to ESRD or death; the
numbers among those with significant RAC for each of the three
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outcomes were 13, 13, and 22, respectively. Of the 35 patients
who reached ESRD before December 31, 2008 (cutoff date for
data from USRDS), 31 were identified by both the USRDS
search and our contact with the study participant or next of kin,
three were identified by USRDS search alone, and one was
identified by contact with the study participant alone. The
information on six individuals who progressed to ESRD after
December 31, 2008, was ascertained only by contact with study
participants or with next of kin.
Serum phosphorus (more than median value of 4.2 mg/dl)
was associated with a significantly higher risk for progression
to ESRD on both univariate (hazard ratio [HR] 2.56; 95% confidence interval [CI] 1.31 to 5.07) and multivariate (adjusted HR
2.01; 95% CI 1.01 to 3.99) analyses (model without including
either renal or CAC). In addition, a lower eGFR (less than
median value of 49 ml/min per 1.73 m2; adjusted HR 5.27; 95%
CI 2.55 to 10.88) and a lower serum albumin (less than median
value of 3.3 mg/dl; adjusted HR 3.40; 95% CI 1.67 to 6.92)
independently predicted the risk for progression to ESRD.
Individuals with significant RAC had a higher risk for progression to ESRD (HR 1.43; 95% CI 0.77 to 2.77; reference was
no significant RAC). In multivariate analysis, significant RAC
replaced serum phosphorus as an independent predictor of
progression to ESRD (adjusted HR 2.20; 95% CI 1.09 to 4.47;
Figure 2); lower eGFR and serum albumin continued to be
associated with a significantly higher risk for progression to
ESRD. Similar results were obtained when the data were further adjusted for age, gender, race/ethnicity, diabetes duration,
SBP, HbA1c, serum phosphorus and 25(OH)D, urine proteincreatinine ratio, and treatment with angiotensin-converting enzyme inhibitors and/or angiotensin receptor blockers (adjusted
HR 3.01; 95% CI 1.34 to 6.75). In contrast, neither significant
(score ⬎10) nor severe (score ⬎400) CAC was associated with
risk for progression to ESRD on either univariate or multivariate analyses.
Finally, when measures of both coronary and RAC were
considered together in multivariate analyses, neither the presence of significant (score ⬎10) nor severe (score ⬎400) CAC

Table 2. Logistic regression analysis to determine the independent predictors for the presence of significant RAC
Model 1a

Model 2b

Independent Predictors

Age, every 1-year increase
Gender (reference male)
History of cardiovascular disease (reference no)c
CAC score (reference 0 to 10)
11 to 99
100 to 399
ⱖ400

HR (95% CI)

P

HR (95% CI)

P

1.10 (1.04 to 1.16)
–
4.49 (2.16 to 9.33)

0.001
–
⬍0.001

1.09 (1.02 to 1.16)
3.02 (1.29 to 7.06)
4.38 (1.93 to 9.93)

0.01
0.01
⬍0.001
⬍0.001
0.79
0.12
⬍0.001

1.23 (0.26 to 5.90)
2.72 (0.78 to 9.44)
11.62 (3.35 to 40.39)

a
Variables considered for inclusion in model 1: Age, gender, history of cardiovascular disease, serum phosphorus, serum
25(OH)D, and lipid-lowering agents; c statistic 0.76.
b
Variables considered for inclusion in model 2: Model 1 plus CAC score; c statistic 0.77.
c
History of cardiovascular disease was defined as the presence of any one of the following: previous myocardial infarction,
stroke, coronary revascularization, or typical angina (based on Rose questionnaire).
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when the data were further adjusted for age, gender, race/
ethnicity, SBP, HbA1c, serum calcium and phosphorus, urine
protein-creatinine ratio, and treatment with ␤ blockers (adjusted HR 2.22; 95% CI 1.24 to 3.99). When analyses were
performed using coronary artery instead of RAC, severe (score
⬎400) but not significant (score ⬎10) calcification was significantly associated with risk for reaching the composite outcome
on both univariate and multivariate analyses (adjusted HR 1.72;
95% CI 1.02 to 2.90).
Finally, when measures of both coronary and RAC were
considered together in multivariate analyses, neither the presence of significant (score ⬎10) nor severe (score ⬎400) CAC
predicted risk for the composite outcome. The same trend for a
higher risk for reaching the composite outcome was seen in
patients with significant RAC (adjusted HR for models that
included CAC ⬎10 or ⬎400: 1.92 [95% CI 1.09 to 3.35] and 1.68
[95% CI 0.94 to 3.00], respectively).

Sensitivity Analysis
Similar results were obtained when the severity of RAC was
classified differently (0, ⱕ45, and ⬎45; Table 3).
Figure 2. Adjusted accumulative event-free curves stratified by
RAC score for progression to ESRD. The event-free curves
shown were adjusted for eGFR and serum albumin as binary
variables (P ⫽ 0.03).

predicted risk for progression to ESRD; however, RAC remained an independent predictor of progression to ESRD (adjusted HR for models that included CAC ⬎10 or ⬎400: 2.50
[95% CI 1.18 to 5.31] and 2.22 [95% CI 1.04 to 4.74], respectively).

Discussion
To our knowledge, this is the first study to evaluate the
relationship between the presence of significant RAC and clinically relevant outcomes. Patients who had diabetes with proteinuria and significant RAC had a twofold higher adjusted risk
for progression to ESRD or reaching a composite outcome of
progression to ESRD or death. In contrast, no such association
was seen with significant CAC: Severe CAC was associated

Association of RAC to ESRD or Death
Of the 33 deaths, 20 occurred on or before December 31, 2007
(cutoff date for data from NDI): 14 were identified by both the
NDI search and contact with next of kin, one was identified on
NDI data screen only, and five were identified by contact with
next of kin only (predominantly because of death occurring
outside the United States). All of the deaths after December 31,
2007 (n ⫽ 13), were ascertained by contact with next of kin. For
the composite end point of progression to ESRD or death, 65
events occurred during an observation period of 33 ⫾ 21
months: 43 in individuals without significant RAC and 22 in
those with significant disease. In models that did not include
the presence of vascular calcification, only lower eGFR (adjusted HR 3.27; 95% CI 1.91 to 5.59) and serum albumin (adjusted HR 2.84; 95% CI 1.68 to 4.80) were associated with a
higher risk for reaching the composite end point.
Individuals with significant RAC had a higher risk for reaching the composite outcome (HR 1.46; 95% CI 0.87 to 2.45;
reference was no significant RAC). In multivariate analyses, the
risk for reaching the composite end point was significantly
higher among individuals with significant RAC (adjusted HR
1.92; 95% CI 1.12 to 3.28; Figure 3); lower eGFR and serum
albumin remained independent predictors of the risk for reaching the composite end point. Similar results were obtained

Figure 3. Adjusted accumulative event-free curves stratified by
RAC score for progression to ESRD or all-cause mortality The
event-free curves shown were adjusted for eGFR and serum
albumin as binary variables (P ⫽ 0.02).
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Table 3. Sensitivity analyses performed by using an alternative method of classifying the severity of RAC
RAC Score (Reference 0)a

Progression to ESRD (HR 关95% CI兴)b

Progression to ESRD or Death (HR 关95% CI兴)b

1 to 45
⬎45

0.79 (0.30 to 2.05)
2.38 (1.03 to 5.52)

1.15 (0.59 to 2.24)
2.28 (1.20 to 4.32)

a

The median score for individuals with total RAC score ⬎0 was 45 and hence was used to group patients.
Adjusted for eGFR and serum albumin.

b

only with the composite outcome, which included the risk for
death. Finally, our analyses confirm the previous findings of an
association of serum phosphorus with progression to ESRD.
Our analysis allows us to generate a hypothesis that induction
and/or progression of RAC may be one of the mechanisms
whereby higher serum phosphorus levels may contribute to
progressive loss of renal function.
There are no previously published data on the prevalence of
RAC in individuals with CKD. In this study, we enrolled patients who had CKD and probably were at the highest risk for
vascular disease: Patients with type 2 diabetes with overt proteinuria. Almost one third of this high-risk group had demonstrable RAC. Vascular calcification can occur in either the intima or the media of the blood vessels. Intimal calcification
involves atherosclerotic plaques, and it is substantially more
severe in patients with CKD (33). Medial calcification is generally present in the elderly or those with diabetes or CKD. None
of the noninvasive methods that are used to detect vascular
calcification can distinguish intimal from medial calcification
(34). The relative contribution of intimal and medial calcification to the composite assessment of RAC with electron-beam
computed tomography is not known. At least two studies have
demonstrated an association between RAC and renal artery
stenosis; the latter is generally atherosclerotic in origin and
hence, intimal (16,20). The association between the severity of
RAC with luminal narrowing was modest, however. These
findings are consistent with what has previously been demonstrated for CAC: Although the calcification score correlates well
with total plaque burden, the severity of luminal narrowing is
often modified by vascular remodeling. Histologic studies of
peripheral arteries have demonstrated the presence of medial
calcification, and it is possible that some of the total calcification
measured herein involves the tunica media (35,36). Studies in
the future would be needed to clarify the relative contribution
of intimal and medial calcification to the total RAC burden
ascertained by noninvasive ante mortem imaging studies.
The most important finding of our study is the demonstration of an association between significant RAC and progression
to ESRD. Even though there was a strong relationship between
the presence of significant RAC and vascular disease at other
sites in this and other studies (CAC scores or history of cardiovascular disease), the association with progression to ESRD
was specific to the renal vascular disease (17–19). We were
unable to demonstrate any relationship between the severity of
CAC and progression to ESRD. This suggests either that the
severity of RAC is the proximate cause (causal) for the worsening of renal function or that it serves as a sensitive marker for

intrarenal processes (viz., intrarenal calcification, downstream
ischemia) that eventually lead to ESRD. This raises the question
of whether RAC is a modifiable risk factor for the progression
of CKD or a marker that could help to identify the patients with
the highest risk for progressive loss of renal function. Our study
is insufficient to answer this question, and this needs to be
addressed in future studies. In this context, it is important to
acknowledge that recent clinical trial data indicated that renal
revascularization offers no significant clinical advantage over
medical therapy for the treatment of significant renal artery
stenosis, either for the decline in GFR or control of BP (37);
however, escalation of medical therapy (control of BP, lipids,
and abnormalities in mineral metabolism) may be an effective
strategy in patients with CKD and significant RAC.
Finally, our study confirms the previous direct association of
serum phosphorus levels with progression to ESRD (6 – 8). Animal studies have demonstrated the presence of significant
intrarenal parenchymal calcification that seems to contribute to
progressive renal injury (9 –12). It is interesting that the intrarenal calcification and the consequent renal injury were ameliorated by dietary phosphorus restriction. Our study extends
the findings of these previous studies: Serum phosphorus was
no longer a significant predictor when RAC was included in the
multivariate model. One has to be cautious in making strong
deductions about causal pathways from such observations;
however, this does allow us to generate a biologically plausible
hypothesis: Calcification of the renal arteries may be one of the
mechanisms whereby higher serum phosphorus leads to a
faster progression of CKD. This raises the hope that aggressive
management of abnormalities in mineral metabolism may slow
the rate of loss of GFR. This hypothesis needs to be tested
directly in future investigations.
Our study is not without its limitations. First, our study
population consisted predominantly of minorities, particularly
Latinos, and was limited to patients with type 2 diabetes and
proteinuria. Second, the number of events of interest, particularly death, was limited. In building our multivariate models,
we were careful to include only a limited number of important
covariates so that we could obtain stable estimates of risk.
Nevertheless, our findings need to be confirmed in larger cohorts with a longer follow-up period that would allow for a
larger number of events. Third, we used only the baseline data
for risk prediction. Fourth, the inter- and intraobserver variabilities specifically for the measurement of RAC were not determined and need to be studied to determine the reproducibility
of the measurement. Finally, patients with CKD have two competing risks: Progression to ESRD and death. Individuals with
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the most severe vascular disease may die before they progress
to ESRD. To minimize the bias introduced by this competing
risk, we also analyzed the risk for reaching a composite outcome.

Conclusions
We report a novel finding of the association between the
presence of significant RAC with risk of progression to ESRD or
reaching a composite outcome of progression to ESRD or death.
The processes and possibly even the triggers that lead to RAC
may be the same as for calcification at other sites; however, the
consequences seem to be unique to the affected vascular bed.
Future studies need to determine whether altering the natural
history of vascular calcification in early CKD will translate into
a reduction in progression to ESRD and mortality in this highrisk population.

Acknowledgments
This work was supported by a research grant from the National
Institutes of Health (RR18298) and Genzyme Corp. to R.M. and a grant
from the National Institutes of Health (M01-RR00425) to the General
Clinical Research Center at Harbor-UCLA.

Disclosures
R.M. has received research support from Amgen, Genzyme, and
Shire and honoraria from Shire and Mitsubishi and has served as a
consultant for Novartis.

References
1. Levin A, Bakris GL, Molitch M, Smulders M, Tian J, Williams LA, Andress DL: Prevalence of abnormal serum
vitamin D, PTH, calcium, and phosphorus in patients with
chronic kidney disease: Results of the Study to Evaluate
Early Kidney Disease. Kidney Int 71: 31–38, 2007
2. Craver L, Marco MP, Martinez I, Rue M, Borras M, Martin
ML, Sarro F, Valdivielso JM, Fernandez E: Mineral metabolism parameters throughout chronic kidney disease
stages 1–5: Achievement of K/DOQI target ranges. Nephrol
Dial Transplant 22: 1171–1176, 2007
3. Gutierrez O, Isakova T, Rhee E, Shah A, Holmes J, Collerone G, Juppner H, Wolf M: Fibroblast growth factor-23
mitigates hyperphosphatemia but accentuates calcitriol deficiency in chronic kidney disease. J Am Soc Nephrol 16:
2205–2215, 2005
4. Kestenbaum B, Sampson JN, Rudser KD, Patterson DJ,
Seliger SL, Young B, Sherrard DJ, Andress DL: Serum
phosphate levels and mortality risk among people with
chronic kidney disease. J Am Soc Nephrol 16: 520 –528, 2005
5. Dhingra R, Sullivan LM, Fox CS, Wang TJ, D’Agostino RB
Sr, Gaziano JM, Vasan RS: Relations of serum phosphorus
and calcium levels to the incidence of cardiovascular disease in the community. Arch Intern Med 167: 879 – 885, 2007
6. Norris KC, Greene T, Kopple J, Lea J, Lewis J, Lipkowitz M,
Miller P, Richardson A, Rostand S, Wang X, Appel LJ:
Baseline predictors of renal disease progression in the African American Study of Hypertension and Kidney Disease. J Am Soc Nephrol 17: 2928 –2936, 2006

Renal Artery Calcification in CKD

2099

7. Schwarz S, Trivedi BK, Kalantar-Zadeh K, Kovesdy CP:
Association of disorders in mineral metabolism with progression of chronic kidney disease. Clin J Am Soc Nephrol 1:
825– 831, 2006
8. Voormolen N, Noordzij M, Grootendorst DC, Beetz I,
Sijpkens YW, van Manen JG, Boeschoten EW, Huisman
RM, Krediet RT, Dekker FW, PREPARE study group:
High plasma phosphate as a risk factor for decline in
renal function and mortality in pre-dialysis patients.
Nephrol Dial Transplant 22: 2909 –2916, 2007
9. Ibels LS, Alfrey AC, Haut L, Huffer WE: Preservation of
function in experimental renal disease by dietary restriction of phosphate. N Engl J Med 298: 122–126, 1978
10. Ibels LS, Alfrey AC, Huffer WE, Craswell PW, Weil R 3rd:
Calcification in end-stage kidneys. Am J Med 71: 33–37,
1981
11. Haut LL, Alfrey AC, Guggenheim S, Buddington B, Schrier
N: Renal toxicity of phosphate in rats. Kidney Int 17: 722–
731, 1980
12. Brown SA, Crowell WA, Barsanti JA, White JV, Finco DR:
Beneficial effects of dietary mineral restriction in dogs with
marked reduction of functional renal mass. J Am Soc Nephrol 1: 1169 –1179, 1991
13. Jono S, McKee MD, Murry CE, Shioi A, Nishizawa Y, Mori
K, Morii H, Giachelli CM: Phosphate regulation of vascular
smooth muscle cell calcification. Circ Res 87: E10 –E17, 2000
14. Mathew S, Tustison KS, Sugatani T, Chaudhary LR, Rifas
L, Hruska KA: The mechanism of phosphorus as a cardiovascular risk factor in CKD. J Am Soc Nephrol 19: 1092–1105,
2008
15. Chiu YW, Adler SG, Budoff MJ, Takasu J, Ashai J, Mehrotra R: Coronary artery calcification and mortality in diabetic patients with proteinuria. Kidney Int 77: 1107–1114,
2010
16. Siegel CL, Ellis JH, Korobkin M, Dunnick NR: CT-detected
renal arterial calcification: Correlation with renal artery
stenosis on angiography. AJR Am J Roentgenol 163: 867–
872, 1994
17. Freedman BI, Hsu FC, Langefeld CD, Bowden DW, Moossavi S, Dryman BN, Carr JJ: Renal artery calcified plaque
associations with subclinical renal and cardiovascular disease. Kidney Int 65: 2262–2267, 2004
18. Allison MA, DiTomasso D, Criqui MH, Langer RD, Wright
CM: Renal artery calcium: Relationship to systemic calcified atherosclerosis. Vasc Med 11: 232–238, 2006
19. Allison MA, Lillie EO, DiTomasso D, Wright CM, Criqui
MH: Renal artery calcium is independently associated with
hypertension. J Am Coll Cardiol 50: 1578 –1583, 2007
20. Tolkin L, Bursztyn M, Ben-Dov IZ, Simanovsky N, Hiller
N: Incidental renal artery calcifications: A study of 350
consecutive abdominal computed tomography scans.
Nephrol Dial Transplant 24: 2170 –2175, 2009
21. Mehrotra R, Budoff M, Christenson P, Ipp E, Takasu J,
Gupta A, Norris K, Adler S: Determinants of coronary
artery calcification in diabetics with and without nephropathy. Kidney Int 66: 2022–2031, 2004
22. Mehrotra R, Budoff M, Hokanson JE, Ipp E, Takasu J,
Adler S: Progression of coronary artery calcification in
diabetics with and without chronic kidney disease. Kidney
Int 68: 1258 –1266, 2005
23. Mehrotra R, Westenfeld R, Christenson P, Budoff M, Ipp E,
Takasu J, Gupta A, Norris K, Ketteler M, Adler S: Serum

2100

24.

25.

26.

27.

28.

29.

30.

Clinical Journal of the American Society of Nephrology

fetuin-A in non-dialyzed patients with diabetic nephropathy: Relationship with coronary artery calcification. Kidney
Int 67: 1070 –1077, 2005
Mehrotra R, Kermah D, Budoff M, Salusky IB, Mao SS, Gao
YL, Takasu J, Adler S, Norris K: Hypovitaminosis D and
chronic kidney disease. Clin J Am Soc Nephrol 3: 1144 –1151,
2008
Knowler WC, Coresh J, Elston RC, Freedman BI, Iyengar
SK, Kimmel PL, Olson JM, Plaetke R, Sedor JR, Seldin MF:
The Family Investigation of Nephropathy and Diabetes
(FIND): Design and methods. J Diabetes Complications 19:
1–9, 2005
Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D:
A more accurate method to estimate glomerular filtration
rate from serum creatinine: A new prediction equation.
Modification of Diet in Renal Disease Study Group. Ann
Intern Med 130: 461– 470, 1999
K/DOQI clinical practice guidelines for chronic kidney
disease: Evaluation, classification, and stratification. Kidney Disease Outcomes Quality Initiative. Am J Kidney Dis
39: S1–S246, 2002
Bild DE, Detrano R, Peterson D, Guerci A, Liu K, Shahar E,
Ouyang P, Jackson S, Saad MF: Ethnic differences in coronary calcification: The Multi-Ethnic Study of Atherosclerosis (MESA). Circulation 111: 1313–1320, 2005
Budoff MJ, McClelland RL, Chung H, Wong ND, Carr JJ,
McNitt-Gray M, Blumenthal RS, Detrano RC: Reproducibility of coronary artery calcified plaque with cardiac 64MDCT: The Multi-Ethnic Study of Atherosclerosis. AJR
Am J Roentgenol 192: 613– 617, 2009
Shaw LJ, Raggi P, Schisterman E, Berman DS, Callister TQ:

Clin J Am Soc Nephrol 5: 2093–2100, 2010

31.

32.

33.

34.

35.

36.

37.

Prognostic value of cardiac risk factors and coronary artery
calcium screening for all-cause mortality. Radiology 228:
826 – 833, 2003
Jain T, Peshock R, McGuire DK, Willett D, Yu Z, Vega GL,
Guerra R, Hobbs HH, Grundy SM: African Americans and
Caucasians have a similar prevalence of coronary calcium
in the Dallas Heart Study. J Am Coll Cardiol 44: 1011–1017,
2004
Rumberger JA, Brundage BH, Rader DJ, Kondos G: Electron beam computed tomographic coronary calcium scanning: A review and guidelines for use in asymptomatic
persons. Mayo Clin Proc 74: 243–252, 1999
Schwarz U, Buzello M, Ritz E, Stein G, Raabe G, Wiest G,
Mall G, Amann K: Morphology of coronary atherosclerotic
lesions in patients with end-stage renal failure. Nephrol Dial
Transplant 15: 218 –223, 2000
Jiwakanon S, Chiu YW, Mehrotra R: How can vascular
calcification be measured in clinical practice? Semin Dial 23:
263–266, 2010
Ibels LS, Alfrey AC, Huffer WE, Craswell PW, Anderson
JT, Weil R 3rd: Arterial calcification and pathology in uremic
patients undergoing dialysis. Am J Med 66: 790–796, 1979
Moe SM, O’Neill KD, Duan D, Ahmed S, Chen NX, Leapman SB, Fineberg N, Kopecky K: Medial artery calcification in ESRD patients is associated with deposition of bone
matrix proteins. Kidney Int 61: 638 – 647, 2002
Wheatley K, Ives N, Gray R, Kalra PA, Moss JG, Baigent C,
Carr S, Chalmers N, Eadington D, Hamilton G, Lipkin G,
Nicholson A, Scoble J: Revascularization versus medical
therapy for renal-artery stenosis. N Engl J Med 361: 1953–
1962, 2009

