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The Risk for Medial Arterial Calcification in CKD
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Summary
Background and objectives CKD is a risk factor for medial artery calcification, but the CKD stage at which this
risk begins is unknown. Because breast arterial calcification (BAC) is a marker of generalized medial arterial
calcification,mammographywas used to detectmedial arterial calcification inwomenwith different CKD stages.

Design, setting, participants, & measurements This was a retrospective, cross-sectional study of women with
and without CKDmatched for age and diabetes and identified frommammograms obtained in 2006–2011. BAC
was scored as present or absent per visual inspection.

Results A total of 146 women with stage 3 CKD and 54 with stage 4/5 CKD were identified. An additional 21
patientswith ESRDwere identified and added to a previous cohort of 71 patients.Mean agewas 64 years for CKD
3, 63 for CKD 4, and 59 for ESRD. Half of each group had diabetes. Compared with controls, the odds ratios for
BAC were 1.44 in CKD 3 (95% confidence interval [CI], 0.82–2.53), 2.69 in CKD 4 (95% CI, 1.14–6.33), and 7.19 in
ESRD (95% CI, 3.77–13.7) and did not differ with diabetic status or race. In a multivariable logistic model, age
(P,0.001) and estimated GFR (P=0.005) were independent predictors of BAC. The odds ratio for BAC increased
4% for each milliliter per minute per 1.73 m2 decrease in estimated GFR. The prevalence of BAC in CKD was
increased in each decade of age over 49 years.

Conclusions CKD is an independent risk factor for medial arterial calcification.
Clin J Am Soc Nephrol 7: 275–279, 2012. doi: 10.2215/CJN.06490711

Introduction
The risk for cardiovascular disease is very high in
patients with advanced CKD but cannot be com-
pletely explained by traditional risk factors for ath-
erosclerosis, suggesting that a different disorder is
responsible. Another vascular lesion that occurs in
CKD and ESRD and could contribute to clinical car-
diovascular disease is calcification of the medial
(smooth muscle) layer of arteries, also known as
Mönckeberg arteriosclerosis. Medial arterial calcifica-
tion (MAC) is distinct from the neointimal calcifica-
tion of atherosclerosis (1) and can occur in the absence
of atherosclerosis. Whereas atherosclerosis underlies
ischemic heart disease, MAC decreases arterial com-
pliance, potentially leading to left ventricular hyper-
trophy and congestive heart failure (2). In addition to
ESRD and CKD, MAC also occurs with advanced age
and diabetes. The extent to which aging and diabetes
contribute to the prevalence of medial calcification in
CKD or to which CKD explains the prevalence of
medial calcification in aging and diabetes is also un-
known. Combined effects of aging and CKD on medial
calcification could help explain the high rates of cardio-
vascular disease and mortality in this population.

Information on medial calcification in humans is
very limited because imaging techniques currently used
cannot reliably distinguish it from intimal calcification
associated with atherosclerosis. Computed tomogra-
phy of the coronary arteries or aorta is frequently used

and has shown increased calcification in CKD (3–5),
but whether this represents medial or atherosclerotic
calcification, or both, is unclear. Thus, the true preva-
lence of medial calcification in CKD and when in the
course of CKD the risk for MAC begins to increase are
unknown. This information is critical for targeting
preventive measures. Arterial calcification is easily
identified by mammography, and we have shown
that this calcification is exclusively medial and corre-
lates well with calcification in other peripheral arterial
beds (6). Because mammography is routinely per-
formed, breast arterial calcification (BAC) provides a
convenient window into medial calcification in humans
without necessitating additional radiation exposure.
We therefore used screening mammography to deter-
mine for the first time the prevalence of medial calci-
fication and its association with diabetes at different
stages of CKD.

Materials and Methods
Patients
Patients were randomly selected from a computer-

ized search of all Emory Healthcare patients who un-
derwent screening mammography between 2006 and
2011 and had been assigned a diagnosis code for CKD
or had an elevated serum creatinine concentration.
The diagnosis of CKD was based on a serum creatinine
value .1.0 mg/dl measured within 6 months before
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or after the mammogram. If additional measurements were
available within that time frame, they were averaged; this
occurred in approximately 80% of the patients. Values
determined in the inpatient setting were excluded. CKD
stage was based on estimated GFR (eGFR) in ml/min per
1.73 m2, as determined by the four-variable Modification of
Diet in Renal Disease formula (7) and was categorized as
stage 3 (30 ml/min per 1.73 m2 , eGFR , 60 ml/min per
1.73 m2) and stage 4/5 (eGFR , 30 ml/min per 1.73 m2

without renal replacement therapy). Patients 80 years of
age and older, patients with kidney transplantation or liver
disease, or those lacking suitable creatinine values were
excluded. ESRD was defined as long-term hemodialysis
or peritoneal dialysis at the time of mammography. Patients
with ESRD were added to a previously published cohort
(6) and were used solely to define the upper range for BAC
prevalence; they were not used in any other analyses. For
each patient, a control participant without CKD was ran-
domly selected from among all women undergoing screen-
ing mammography between 2006 and 2011 and was
matched for age (61 year), diabetes, and, when possible,
race. All patients were selected without knowledge of the
mammogram result.
Absence of CKD was defined as a serum creatinine value

,1.0 mg/dl obtained within 6 months before or after the
mammogram. Data on mineral metabolism were not col-
lected because they were not available in many patients
and the relationship of the samples to meals could not be
determined. Diabetes was defined as a history of diabetes
or use of insulin or oral hypoglycemic agents as deter-
mined by review of the medical records. Cardiovascular
disease was defined as a history of coronary artery disease
(myocardial infarction, coronary artery bypass graft sur-
gery, coronary stent, or presence of stenosis on coronary
angiography), heart failure (ejection fraction , 45% or the
presence of moderate or severe diastolic dysfunction by
echocardiography), or peripheral arterial disease (claudica-
tion, evidence of vascular disease on imaging, or vascular
bypass surgery). Race was also obtained from the medical
records.

Mammograms
Mammograms were retrieved in digital or film format.

Screening of mammograms for BAC was done by visual
inspection by a single reader and was restricted to deter-
mination of whether BAC was present or absent. A second

reader scored 30% of the mammograms, and the agreement
between those scores was 97%.

Statistical Analyses
Univariate analysis was performed using a t test for

continuous variables and a chi-squared test for categorical
variables. Multivariate logistic regression analysis was per-
formed with SPSS 17.0 software (SPSS, Inc., Chicago, IL).

Results
A total of 292 patients were considered for analysis and

compared with an equal number of controls (Table 1). Of
these, 146 women had CKD stage 3, 54 had CKD stage
4/5, and 92 had ESRD and were undergoing long-term
dialysis. Of the CKD 4/5 group, 51 had CKD 4 and 3
had CKD 5 (not receiving dialysis). The ESRD group con-
sisted of a previously reported cohort of 71 patients with
ESRD (6) and an additional 21 women who were identified
during the current study. The patients with CKD 3 and
CKD 4/5 had similar ages, but those with ESRD were
slightly younger. Approximately half of the patients had
diabetes, with equal proportions in all groups. Almost all
patients with ESRD and two thirds of patients in both
CKD groups were African American. Cardiovascular dis-
ease was present in 35% of the 191 patients with CKD for
whom these data were obtained.
The prevalence of BAC (Figure 1) was increased above

the prevalence in controls in each group, although this
difference was not significant for CKD 3. This yielded
odds ratios of 1.44 (95% confidence interval [CI], 0.82–
2.53) for CKD 3, 2.69 (95% CI, 1.14–6.33) for CKD 4/5,
and 7.19 (95% CI, 3.77–13.7) for ESRD. For all patients
with CKD combined, the prevalence of BAC was 29.0%,
compared with 19.0% in the controls, yielding an odds ratio
of 1.7 (95% CI, 1.09–2.70). The prevalence did not vary be-
tween control groups. Patients with diabetes did not have a
greater prevalence of BAC than patients without diabetes,
and prevalence did not vary by race (Table 2).
In a multivariable logistic regression that included eGFR,

age, diabetes, and race, both age and eGFR were signifi-
cant predictors of BAC in patients with CKD (Table 3). The
odds ratio for BAC increased approximately 4% for each
ml/min per 1.73 m2 decrease in eGFR and 13% per year
of age. The association between age and BAC was similar in
the control group. Estimated GFR was not a determinant of
BAC in the logistic regression for the control group. Because

Table 1. Characteristics of patients and controls

Characteristic
CKD 3 CKD 4/5 ESRD

Patients Controls Patients Patients Patients Controls

Participants (n) 146 146 77 77 92 92
Creatinine (mg/dl) 1.5360.25 0.8060.10 2.8660.75 0.8060.11 0.8060.11
Age (yr) 64.1610.2 64.2610.3 63.6610.0 64.5611.5 59.2612.0 59.4612.0
African American (%) 72 55 74 67 98 68
Diabetes (%) 57 57 62 67 58 58

Data expressed with a plus/minus sign are mean 6 SD.
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age is a determinant of eGFR, the patients were stratified by
age to confirm the association of CKD with BAC indepen-
dent of age (Figure 2). The prevalence of BAC was consis-
tently higher in patients with CKD than in the controls in all
age groups, with odds ratios of 1.48 (95% CI, 0.43–5.12), 1.99
(95% CI, 0.82–4.80), and 1.97 (95% CI, 0.98–3.97) with in-
creasing decades. The association of CKD with BAC could
not be determined in women younger than age 50 because
of the absence of BAC in this small sample.

Discussion
The prevalence of MAC is believed to be increased in

CKD and ESRD, but the precise risk, its onset, and its as-
sociation with other variables (such as age and diabetes)
remain unknown because of the lack of specificity of imaging
modalities used. This study, using BAC as a marker of
MAC, demonstrates that the risk may begin in stage 3 CKD
and is clearly present by stage 4. This finding suggests that
preventive or therapeutic strategies may need to be imple-
mented as early as stage 3 CKD. Although these finding are
limited to intramammary arteries, we have previously shown
that this calcification correlates with peripheral arterial
calcification in the extremities (6). Thus, it is likely that
these results indicate generalized MAC.
Although mineral metabolism was not studied, the

results can be compared with the known alterations in

mineral metabolism at different stages of CKD (8). Whereas
levels of parathyroid hormone and fibroblast growth factor
23 are elevated in stage 3 CKD, the prevalence of hyper-
phosphatemia is still low but increases sharply in stage 4
CKD, corresponding to the significant increase in BAC.
This implicates hyperphosphatemia as opposed to the
other abnormalities in the onset of MAC, a result consistent
with a large body of experimental data indicating the path-
ogenic role of phosphate (9,10). However, this does not rule
out a role for parathyroid hormone or fibroblast growth
factor 23; confirmation of this possibility and whether the
smaller increase in risk for MAC in stage 3 CKD is related
to hyperphosphatemia will require future prospective stud-
ies directly correlating MAC with mineral metabolism.
The prevalence of MAC is known to increase with age,

and this has been demonstrated in numerous studies of
BAC (11–16). Although the prevalence of CKD increases
with age and age is used to calculate eGFR and therefore
to assign CKD stage, this cannot explain the increased
prevalence of BAC in CKD. Patients were matched for
age, and CKD increased the prevalence of BAC at all
ages, indicating that the risk for MAC in CKD is not ex-
plained by age. Furthermore, the similar odds ratios for
BAC with age in the CKD and control groups in the logis-
tic regression argue against any significant interaction be-
tween age and CKD. Although the age-related increase in
medial calcification was proportionately similar in patients
with CKD and controls, a combined effect of age and CKD
on medial calcification may contribute to the high preva-
lence of cardiovascular disease in older patients with CKD.
The prevalence of BAC did not differ between African
Americans and patients of other races (consistent with
findings in the general population [14]), but our sample
size limited the power to detect a true difference based on
race. Thus, the results do not necessarily apply to all pop-
ulations of patients with CKD.
Medial calcification has been related to diabetes in

previous studies of peripheral arteries (17–20), but the
data with breast arteries are less conclusive: Some studies
have shown a link with diabetes (14–16,21,22) and others
show no link (13,23–27), as was seen in the present study.

Table 2. Prevalence of breast arterial calcification by diabetic
status and race

Variable
Breast Arterial Calcification (%)

Patients with CKD Controls

Diabetes
yes 26.3 19.3
no 32.6 18.6

African American
yes 28.8 17.9
no 29.6 20.5

Figure 1. | Prevalence of breast arterial calcification (BAC) in women with CKD and in women without CKD matched for age and diabetes.
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None of the previous studies accounted for CKD, which
is common in patients with diabetes and could explain an
association with MAC. In addition, most studies did not
consider the duration of diabetes, which appears to corre-
late strongly with MAC (18–20). MAC is particularly com-
mon in patients with diabetes and severe neuropathy
(20,28), again consistent with duration. However, duration
and the presence of other diabetic complications also cor-
relate with diabetic nephropathy; this finding also sug-
gests that CKD could contribute to the risk for MAC in
diabetes.
This study has several limitations, including its retro-

spective, cross-sectional nature; the lack of data on mineral
metabolism and treatment; the lack of quantification of
BAC; and the fact that BAC is not a fully validated marker
of generalized MAC. Although BAC does correlate with
apparent medial calcification in peripheral arteries, the
correlation with medial calcification in larger arteries re-
mains untested. Because of the sample size, the increase in
BAC prevalence in CKD 3 did not reach statistical signif-
icance. This is due in part to the low prevalence of CKD
in women undergoing screening mammography, which,
in turn, may be related to low mammography rates in

populations with a high prevalence of CKD. Because the
correlation of eGFR with true GFR is poor in individuals
with a normal serum creatinine level, there is the potential
for misclassification in this study. In particular, it is possi-
ble that some of the older controls had CKD and that the
relative risk for BAC in CKD is actually greater than in-
dicated by the data. However, the fact that eGFR did not
correlate with BAC in the controls argues against this.
Single creatinine values can also lead to misclassification,
but multiple values were available in 80% of the patients
with CKD.
Other risk factors that may be associated with increased

risk for BAC, including parity and hormonal therapy
(14,21,22), could not be reliably ascertained and were not
included. However, we are unaware of any linkage be-
tween these variables and CKD. Additional risk factors
for vascular disease, such as hypertension and smoking,
were also not included. Because hypertension is present
in more than 80% of people with CKD (29,30), its contribu-
tion to BAC would be difficult to detect. A study of almost
13,000 women did not find an independent association of
hypertension with BAC (14), indicating that hypertension is
unlikely to explain the association of CKD with medial

Figure 2. | Prevalence of breast arterial calcification (BAC) at different ages inwomenwithCKDand inwomenwithout CKDmatched for age
and diabetes. Calcification was not present in any of the 19 patients or controls younger than age 50 years.

Table 3. Multivariable logistic regression for breast arterial calcification

Variable
Patients with CKDa Controls

OR (95% CI) P Value OR (95% CI) P Value

Age 1.13 (1.08–1.18) ,0.001 1.12 (1.06–1.18) ,0.001
eGFR 0.96 (0.92–0.99) 0.005 1.00 (0.97–1.03) 0.96
African American 1.38 (0.62–3.1) 0.43 0.96 (0.44–2.12) 0.92
Diabetes 0.65 (0.32–1.32) 0.23 1.11 (0.50–2.47) 0.80

OR, odds ratio; CI, confidence interval; eGFR, estimated GFR.
aStages 3, 4, and 5 not undergoing dialysis.
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calcification. Information on smoking can be difficult to
obtain from chart review, particularly in terms of duration
and timing. Although smoking is associated with CKD
(31), it imparts a decreased risk for BAC in the general
population (14,27). Thus, it should not account for CKD
as a risk factor for BAC but could obscure its relation
with CKD.
In summary, our data demonstrate that the risk for BAC,

used as a surrogate for medial calcification, may begin in
stage 3 CKD and become significantly higher in stage 4.
Although diabetes and race were not associated with
increased risk for BAC in this study, age and eGFR were
major determinants of this risk. These results suggest that
preventive strategies may need to begin as early as stage 3
CKD. Additional studies are needed to determine whether
the risk for MAC in CKD is explained by specific abnor-
malities in mineral metabolism.
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