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Coronary artery disease (CAD) is the leading cause
of death in adults after successful kidney transplan-
tation. Children who have undergone successful kid-
ney transplantation are entering young adulthood;
however, the prevalence and extent of CAD in this
population is unknown. We conducted a pilot study
in young adults with stable allograft function, who
received kidney transplants as children to measure
coronary artery calcification (CAC), a marker of coro-
nary artery atherosclerosis and CAD. We evaluated 19
young adults after successful pediatric kidney trans-
plantation for known CAD risk factors; these patients
underwent noninvasive imaging with electron-beam
computed tomography (EBCT) for measurement of
CAC. Prevalence and quantity of CAC were then com-
pared to asymptomatic individuals from the commu-
nity. All patients had multiple risk factors for CAD.
Mean age at evaluation was 32 years (range: 21–48
years). CAC is uncommon in individuals in the com-
munity in this age range; however, nearly half of our
patients had CAC detected with the quantity of CAC
comparable to asymptomatic individuals from the
community 10–40 years older. These data suggest
young adults who received pediatric kidney trans-
plants are at increased risk for developing early
CAC and need close monitoring to detect early CAD
so as to prevent premature cardiac morbidity and
mortality.
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Introduction

Kidney transplantation is the treatment of choice for pe-
diatric patients suffering from end-stage renal disease
(ESRD). Since 1988, over 10 000 pediatric renal transplants
have been performed in the United States (1). During this
time period, the survival rates for both patients and allo-
grafts have steadily improved (2–4). As they mature and
enter young adulthood, many will have risk factors asso-
ciated with the development of coronary artery disease
(CAD). This is concerning because in adults with a func-
tioning allograft, the most common cause of death is CAD
with a cumulative incidence of 23% over 15 years (5).

Coronary angiography remains the current standard for di-
agnosing the presence and extent of CAD. Angiography,
however, is invasive, costly and not without significant mor-
bidity, thereby limiting its use as a screening modality. Re-
cently, electron-beam computed tomography (EBCT) has
been used to noninvasively determine the quantity of coro-
nary artery calcification (CAC). CAC is a marker of coronary
atherosclerosis and CAD and a direct relationship exists
between CAC and both histologic and radiologic measures
of atherosclerotic plaque on a heart-by-heart, vessel-by-
vessel and segment-by-segment basis (6,7). CAC detected
by EBCT has a sensitivity and specificity of 97% and 72%,
respectively, to detect ≥50% stenosis identified on coro-
nary angiography (8). Presence of large quantities of CAC
correlates with the presence of clinically significant CAD
(9–11).

Interestingly, Goodman et al. reported large quantities of
CAC in over 85% of young adult dialysis patients who un-
derwent EBCT, suggesting that these patients are at risk
for the development of early and aggressive CAD (12). Oh
et al. studied a mixed population of young adult dialysis
and transplant patients (13). They found CAC in 92% of
patients, with higher CAC scores among those on dialysis
compared to those who were transplanted. Higher CAC
scores were positively associated with the length of time
patients had been on dialysis.
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Our pilot study was conducted among young adults who
underwent renal transplantation as children, after having
had minimal exposure to dialysis prior to and after trans-
plantation. The aim was to evaluate these young adults for
CAD risk factors and for the presence and quantity of CAC
detected by EBCT and then to compare these patients to
asymptomatic individuals from the community.

Materials and Methods

This study was performed under a protocol approved by the Mayo Foun-
dation Institutional Review Board, Rochester, Minnesota. All patients gave
written informed consent. All patients (123 patients) who underwent pedi-
atric kidney transplants performed at the Mayo Clinic, Rochester, Minnesota
with long-term allograft function (>8 years) were reviewed. From this group,
19 patients in geographic proximity to our institution and who were contin-
uing their care here were invited at random to participate and entered the
study beginning in June 2002 and ending May 2004. All had stable allograft
function at the time of evaluation. A medical, social and family history and
physical examination were obtained. The patients were then evaluated for
clinical and laboratory risk factors for CAD.

Standard clinical laboratory tests were performed on fasting patients on
the day of evaluation to determine: serum electrolyte levels, including that
of calcium and phosphorus; iothalamate clearance; serum lipid and frac-
tionated lipoprotein levels and C-reactive protein, serum homocysteine and
intact parathyroid hormone levels.

The patients then underwent an EBCT [Imatron C-150 EBCT scanner (Ima-
tron, Inc., South San Francisco, California)] examination of the heart. A scan
run consisted of 40 contiguous 3-mm thick tomographic slices, from the
root of the aorta to the apex of the heart, using 100 ms scan times per
tomogram and electrocardiographic gating triggered at end-diastole during
2 to 4 breath-holds.

A radiologic technologist scored the tomograms with an automated scoring
system (14). CAC was defined as a hyperattenuating focus within 5 mm
of the arterial midline and at least four adjacent pixels in size (i.e. 1.38
mm2), with CT number above 130 HU throughout the focus. Quantity of
CAC was defined as the CAC score developed by Agatston and coworkers
(15). All EBCT scans were interpreted by a single experienced radiologist
(PFS).

The presence and quantity of CAC were then compared with that observed
in an asymptomatic reference population consisting of men and women
who participated in the community-based Epidemiology of Coronary Artery
Calcification (ECAC) study. In the ECAC study, the tomograms were re-
viewed by the same radiologist and CAC was measured with the same
EBCT scanner, scanning protocol, software package and scoring criteria
as in the current study. The ECAC study compiled age- and sex-specific
estimates of the prevalence and percentiles for quantity of CAC in asymp-
tomatic men and women aged ≥20 years residing in Olmsted County, MN
(16–18). Using these data, the age- and sex-specific probability of having de-
tectable CAC was predicted for each of the 19 patients in the current study.
These predicted probabilities were summed for the 19 patients to estimate
the number of patients in the study group who would be expected to have
detectable CAC. In addition, an ‘arterial age’ (19) was estimated for each
of the 19 patients by comparing their CAC scores with the age- and sex-
specific median scores observed in the ECAC study. For example, one male
patient age 31 had a CAC score of 42. In the ECAC study, a CAC score of
42 was the median CAC score for men age 58 years. Thus, this 31-year-old
man would be estimated to have an ’arterial age’ of 58 years, a difference

of 27 years from his chronologic age. For patients without detectable CAC,
the arterial age was defined as their chronological age.

Results

The characteristics and etiology of renal failure for the 19
patients in this pilot study are shown in Table 1. All pa-
tients were white. The mean age at transplant was 14.5
years (range: 5–19 years). Mean age at study evaluation
was 32.4 years (range: 21–48 years). Mean follow-up pe-
riod after transplant was 17.9 years (range: 8–33 years).
The majority of patients received preemptive live donor
kidney transplants (n = 15) at initial transplantation and
never required dialysis. Three patients required short peri-
ods of dialysis before transplantation (1 month in one and
6 months in two). Four patients received kidneys from de-
ceased donors. Six patients had a total of nine rejection
episodes, and two required antibody therapy. Seven pa-
tients underwent retransplantation (two for recurrent IgA
nephropathy and five for chronic allograft nephropathy) and
four required short periods of dialysis prior to their second
transplant (median: 5 months, range: 1–24 months).

Hypertension was found in 15 of 19 patients (8 of 10 with-
out CAC, 7 of 9 with CAC), while hyperlipidemia (elevated
serum triglyceride >150 mg/dL or cholesterol >200 mg/dL)
was found in 16 of 19 patients (8 of 10 without CAC, 8 of 9
with CAC). Obesity (BMI > 30 kg/m2) was noted in 3 of 19
and a history of tobacco use in 5 of 19 (1 of 10 without CAC,
4 of 9 with CAC). Only one patient was diagnosed with di-
abetes mellitus. C-reactive protein was abnormal (>0.800
mg/dL) in 2 of 9 patients with CAC, but none of 10 without
CAC. Serum homocysteine was elevated (>13 lmol/L) in
4 of 9 patients with CAC, but also 8 of 10 patients without
CAC. Lipoprotein a level was abnormal (>30 mg/dL) in only
one patient while intermediate LDL particle size was iden-
tified in 4 of 10 patients without CAC and 5 of 9 patients
with CAC.

All patients initially received long-term calcineurin inhibitor-
based immunosuppression including corticosteroids; two
were switched to a rapamycin-based regimen and two
were changed to corticosteroids and azathioprine only.
Mean corticosteroid dose at the time of evaluation was
6.4 mg/day (range: 4–10 mg/day).

Serum calcium and phosphorus levels were normal in
all but one patient and calcium–phosphate product was
<45 mg2/dL2 in all patients (normal <45.5 mg2/dL2). In-
tact parathyroid hormone level was elevated in 8 of 17 pa-
tients (normal <5.2 pmol/L). Mean iothalamate clearance
at the time of evaluation was 53.5 mL/min/BSA (range: 17–
103 mL/min/SA).

Nine (47%) patients had detectable CAC, while only 2.9
(15%) patients would be predicted to have detectable CAC
(Table 1), based on the estimates from the ECAC study.
Only patients who were 31 years or older had positive
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Table 1: Patient data and CAC score compared to asymptomatic community-based age and sex-matched CAC score

Probability
of CAC Percentile Arterial

Age at CAC in normal vs. age
Patient Sex Diagnosis Age atTx evaluation Donor Retransplant Dialysis score population population (years)

1 M FSGS 5 21 DD No No 0 4% - -
2 M Reflux 13 23 Live Yes/Live No 0 5% - -
3 F Reflux 8 23 DD No No 0 0% - -
4 M GN 11 25 DD No Yes (6 months) 0 7% - -
5 F MPGN 18 26 Live No No 0 1% - -
6 F GN 19 27 Live No No 0 1% - -
7 M Reflux 10 28 Live Yes/Live No 0 10% - -
8 F Birth asphyxia 14 28 DD No No 0 1% - -
9 M Vasculitis 16 30 Live No Yes (1 month) 0 2% - -
10 F Reflux 19 36 Live No No 0 4% - -
11 M Reflux 15 31 Live Yes/DD Yes (24 months) 42 14% 97% 58
12 M Hypoplasia 15 33 Live No No 138 17% >99% 65
13 F MPGN 17 34 Live No No 83 3% >99% 77
14 F Reflux 16 37 Live No Yes (6 months) 60 4% >99% 76
15 M Reflux 18 38 Live Yes/Live No 103 27% 96% 63
16 F Familial glom 14 39 Live No No 245 6% >99% >80
17 M IgA nephropathy 17 43 Live Yes/Live Yes (3 months) 24 39% 80% 55
18 M Reflux 16 46 Live Yes/Live Yes (5 months) 100 47% 88% 63
19 M GN 15 48 Live Yes/Live Yes (1 month) 2200 52% >99% >80

DD = deceased donor; FSGS = focal segmental glomerulosclerosis; MPGN = membranoproliferative glomerulonephritis; GN =
glomerulonephritis; Familial Glom = familial glomerulosclerosis.
The arterial age is based upon the median CAC score for individuals of the same age and sex based upon data obtained from an
asymptomatic normal population (ECAC Study)16–18. In patients with no CAC, arterial age is defined as the chronologic age.
Patients 1–10 did not have detectable CAC, patients 11–19 had detectable CAC.

CAC scores. Five patients had CAC scores above the 99th
percentile for their age and sex. One patient (CAC score
24, 80th percentile for age and sex) had a subendocardial
infarction during the study period. Among those with CAC,
the mean difference in individual chronologic age com-
pared to an arterial age based upon the median CAC score
observed in asymptomatic ECAC study participants was
nearly 30 years (range: 12–43 years). None of the risk fac-
tors examined, appeared to have any bearing on the pres-
ence or absence of CAC.

Discussion

Data from our pilot study suggest that detectable CAC
may be very common in young adults who received kid-
ney transplants as children, and as a result the risk for the
development of early aggressive CAD may be high com-
pared to the general population. It is accepted that vas-
cular calcification is a risk factor for the development of
clinically relevant CAD in asymptomatic adults and those
with chest pain (9–11). Adults with high CAC scores are
more likely to have angiographically defined disease as
well as histopathologic evidence of disease at autopsy (6–
8,20,21). Adults with CAC scores above the 75th percentile
have been shown to be at higher risk for future myocardial
infarction and coronary death compared with the general
population (9–11,22).

It is clear that among adult dialysis and adult renal trans-
plant recipients, potentially modifiable risk factors (obesity,
hypertension, tobacco use, diabetes, abnormal lipids and
lipoproteins, C-reactive protein and elevated serum homo-
cysteine) associated with the development of CAD are
quite common (23). Adult patients on dialysis are known to
be at a far higher risk for development of CAD than kidney
transplant recipients (24). However, adult renal transplant
recipients remain at a higher risk for the development of
CAD than the general population (24). It is likely that the in-
creased risk for CAD in transplant recipients is due, in part,
to the effects of immunosuppression or other factors re-
lated to the transplant (25,26). It is also possible, however,
that some of the increased risk for CAD is due to the as-
pects of renal failure not completely corrected by a kidney
transplant.

At this time, little is known of long-term outcomes (3,4)
or the prevalence of CAD in children and young adults fol-
lowing pediatric renal transplantation. Data from the North
American Pediatric Renal Transplant Cooperative Study re-
late cardiopulmonary factors as cause of death in 15.6% of
children who had received a transplant, but in only 7.4% of
those with a functioning graft (27). The United States Renal
Data System Annual Data Report reports cardiac death as
the cause of death in 22.6% of all patients who died with
functioning grafts under the age of 30 (28). These reports,
however, are from registry data and it is difficult to deter-
mine if the cardiac deaths were due to atherosclerotic CAD
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as opposed to cardiac arrest, cardiomyopathy, arrhythmias
or other causes of cardiac dysfunction such as pericarditis
or valvular heart disease.

Little data exist regarding the presence of CAC in adult
or pediatric renal transplant patients. Oh et al. found that
the duration of ESRD and cumulative time undergoing dial-
ysis were significantly associated with CAC in a popula-
tion of 39 young adults 19–39 years of age treated with
dialysis (n = 13) and transplantation (n = 26). CAC was
detectable in 92% of patients, with higher CAC scores
present among those on dialysis compared to those who
were transplanted. Symptoms of cardiovascular disease
were reported in 20% of their patients, but it is not possi-
ble to tell from the data presented if these were transplant
patients or patients on dialysis. In addition, it is not pos-
sible to determine if these patients had undergone trans-
plantation as children, although it appears that most were
transplanted after the age of 18. It is implied, but not ex-
plicitly stated, that most if not all patients had received
dialysis prior to undergoing transplantation. In contrast, in
the current study the vast majority of our patients received
preemptive transplants (79%) without being exposed to
dialysis. The higher prevalence of CAC found in their study
compared to ours may be due to the widespread expo-
sure to dialysis and the longer mean time on dialysis in
their transplant patients compared to our patients (mean
peritoneal dialysis 18 months and hemodialysis 28 months
compared to 6.6 months for our seven patients who re-
ceived dialysis and 2.4 months for all 19 patients) (13).

In support of this hypothesis, Goodman et al. performed
EBCT studies on 39 young adults on hemodialysis and
peritoneal dialysis and found substantial amounts of CAC
in patients as young as 20 years (12). In their study, a
high percentage of dialysis patients (87%) between 20 and
30 years of age developed severe CAC at an even younger
age than our group of transplant recipients. The amount of
CAC was strongly associated with length of time on dial-
ysis. A similar study in older dialysis patients confirmed
these findings and found even more CAC in older chronic
dialysis patients (29). Thus, the findings by Goodman et
al. are consistent with differences between our study and
that by Oh et al.

The main drawbacks of EBCT scanning to identify those at
high- risk for CAD relate to its high- cost and its somewhat
low specificity as a screening tool. Methods to measure
CAC should become more commonly available as cardiac-
gated multidetector computed tomography provides an-
other widely available technology to quantify CAC (30,31)
The overall usefulness of EBCT and multidetector com-
puted tomography, compared to other noninvasive modali-
ties to assess subclinical CAD, and the significance of CAC
in asymptomatic adults from the general population is cur-
rently being studied through the ongoing multicenter 10-
year Multi-Ethnic Study of Atherosclerosis (MESA) spon-
sored by the NIH (32).

Our pilot study is a step toward determining long-term car-
diac risks and outcomes after pediatric renal transplanta-
tion. The mean CAC scores of patients from our study
group who had detectable CAC (mean age 39 years) were
comparable to a median age- and sex-matched male pop-
ulation aged 55–80 years and a female population aged
75–80 years (16–18). Our patients had multiple clinical and
laboratory-based risk factors associated with the develop-
ment of CAD. Thus, they are likely to remain at further
increased risk for the development of coronary atheroscle-
rosis and CAD compared to the general population.

Recent guidelines from the National Kidney Foundation
suggest that adolescents with kidney transplants should be
considered in the highest risk category for coronary heart
disease for risk factor management. Under these guide-
lines, adolescents would be evaluated for dyslipidemia at
presentation, after change in kidney status, and then annu-
ally. Treatment by therapeutic life-style change (diet) would
be followed by treatment with a lipid-reduction agent if no
improvement was seen (33). Close attention to hyperten-
sion, obesity and glucose control were also suggested.

In conclusion, our pilot study suggests that young adults
who received kidney transplants as children are at in-
creased risk for the early development of CAC, which
has been strongly linked to the presence of coronary
atherosclerosis and CAD. Larger cohort studies are needed
to confirm and extend our findings and should include track-
ing the progression of CAC in transplant patients and de-
termining whether risk factor reduction can decrease the
risk of CAD associated cardiac morbidity and mortality.
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