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Background and objectives: Cardiovascular disease is an important cause of morbidity and death in kidney transplant
recipients. This study examines the Framingham risk score’s ability to predict cardiac and stroke events. Because cyclosporine
and tacrolimus have different cardiovascular risk profiles, these agents were also examined.
Design, setting, participants, & measurements: A prospective cohort evaluation of 540 patients were followed for a median
of 4.7 yr in an outpatient kidney transplant clinic. Baseline Framingham risk scores were calculated and all cardiovascular
outcomes were collected.
Results: Rates per 100 patient-years were 1.79 for cardiac and 0.78 for stroke events. The ratio of observed-to-predicted
cardiac events was 1.64-fold higher [95% confidence interval (CI) 1.19 to 2.94] for the cohort, 2.74-fold higher (95% CI 1.70 to
4.24) in patients age 45 to 60 with prior cardiac disease or diabetes mellitus, but not higher in other age subgroups. Stroke was
not increased above predicted. Risk scores for cardiac (c ⴝ 0.65, P ⴝ 0.003) and stroke (c ⴝ 0.71, P ⴝ 0.004) events were modest
predictors. 10-yr event scores for cardiac (9.3 versus 13.5%, P < 0.001) and stroke (7.1 versus 10.0%, P ⴝ 0.002) were lower for
tacrolimus compared with cyclosporine-treated patients. However observed cardiac events were higher in tacrolimus recipients (2.50, 95% CI 1.09 to 5.90) in an adjusted Cox model.
Conclusions: Although risk scores are only modest predictors, patients with the highest event rates are easily identified.
Treating high-risk patients with cardioprotective medications should remain a priority.
Clin J Am Soc Nephrol 3: 822– 828, 2008. doi: 10.2215/CJN.00030108
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ardiovascular disease (CVD) is responsible for a large
proportion of the death and morbidity in the kidney
transplant population (1,2). Two studies have previously examined the Framingham risk factor score to predict
events in this population (3,4). These studies have found that
the score underestimates event rates. The relatively poor predictive accuracy of the Framingham score, especially in the
chronic kidney disease population, has generated interest in
nontraditional risk factors such as anemia, indicators of inflammation, and other biomarkers (5– 8). Unfortunately the clinical
utility of these markers and the evidence that specific directed
therapy is of benefit are limited if not controversial even in the
general population where there has been more intense study
(9 –12). Nonetheless a large effort is expended in the clinic to
achieve recommended BP and cholesterol targets and use cardioprotective medications [angiotensin converting enzyme inhibitors (ACEi) and/or angiotensin receptor blockers (ARB),
␤-blockers, statins, and acetylsalicylic acid (ASA)] (13,14). Identifying patients in whom more intense therapy is required
would be useful, as combined use of these four classes of
cardioprotective agents has the potential to reduce cardiac
events rates by approximately 75% (15).

The primary objective analysis was to examine the ability of
the Framingham risk score to predict actual events in a modern
cohort of prevalent patients in the clinic. Historic cohorts were
likely undertreated as evidence by higher BP in earlier decades
(16,17). In addition to cardiac outcomes, stroke and other events
(congestive heart failure, significant rhythm disturbances, and
peripheral vascular disease) were examined in this cohort. Because the two calcineurin inhibitors, cyclosporine and tacrolimus, have different cardiovascular risk profiles, we also examined the effect of these agents on subsequent outcomes.

Materials and Methods
Population
All 540 prevalent adult (⬎age 18) kidney transplant recipients followed at our center with a functioning allograft for ⬎6 mo were
studied. Many of these patients (n ⫽ 439) were described in an earlier
report and consisted of prevalent patients followed in the transplant
clinic in July 2002 (13). These patients were followed prospectively from
this time point onward. In addition, 101 new incident patients were
added prospectively over a 3-yr period once they passed their 6-mo
post-transplant time point. Permission for the study was granted by our
institution’s ethics review board.
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The CVD risk calculator used was a Framingham study-based computer software package that calculated separate 10-yr event rates for
cardiac and cerebral vascular events (18). The calculator also has been
validated against event rates in patients with prior cardiac disease.
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Framingham Risk Score

Event Definitions
Major cardiac events were defined as fatal and nonfatal myocardial
infarction and invasive coronary artery therapy. Cerebral vascular
events included nonfatal and fatal stoke and transient ischemic attacks.
These events were confirmed from discharge summaries. Event rates
such as new-onset angina were collected and analyzed along with other
events. Congestive heart failure (CHF) required admission to hospital
with a discharge diagnosis of CHF. Significant rhythm disturbances
were ventricular tachycardia, atrial fibrillation, and need for a pacemaker. Significant peripheral vascular disease was defined as need for
invasive therapy or conservatively managed limb gangrene.
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Table 2. Cardiovascular risk factors, prevalent
cardiovascular disease, and predicted Framingham risk
scores
Current smoker
Left ventricular hypertrophy
Diabetes mellitus
Pre
Post
Systolic BP (mmHg)
Diastolic BP (mmHg)
Total cholesterol (mmol/L)
HDL cholesterol (mmol/L)
LDL cholesterol (mmol/L)
Proteinuria (⬎negative)
Albumin (g/L)
Hemoglobin (g/L)
10-yr cardiac risk score
10-yr stroke risk score
Any cardiovascular diseaseb
Angina
Myocardial infarction
Congestive heart failure
Coronary bypass surgery/
angioplasty
Peripheral vascular disease
Stroke
Atrial fibrillation

Data Presentation and Statistical Analyses
Descriptive data were presented as mean ⫾ SD for continuous variables and percentages for dichotomous variables. Differences between
groups were tested by 2 test for dichotomous variables, by ANOVA
for normally distributed continuous variables, and by nonparametric
tests for skewed-distributed continuous variables. Significance was set
at 5%. To analyze the ability of the Framingham scores to predict event
rates, receiver-operating characteristic (ROC) curves and concordance
statistics were calculated. Patients were censored at graft loss. Relative
risk ratios for observed-to-predicted event rates were also calculated. A
multivariate Cox proportional model was used to compare event rates
between the two calcineurin inhibitors. Statistical analysis was performed using SPSS version 11.1.

Results
Tables 1 and 2 provide baseline descriptive characteristics,
CVD risk factor, and medication use in our study population.

20%(108/532a)
20%(102/513a)
20%
31%
133 ⫾ 17
78 ⫾ 10
5.2 ⫾ 1.1
1.3 ⫾ 0.4
3.0 ⫾ 0.9
31%
38 ⫾ 4
130 ⫾ 16
11.7 ⫾ 11.0
8.7 ⫾ 9.8
28%
10.9%
11.3%
9.6%
7.2%
4.9%
4.6%
3.0%

a

Table 1. Patient descriptors and medication use
Age
Gender
Cadaver
Creatinine
CrCl
Duration of function
Duration of dialysis
Body mass index
Weight (kg) 0.5 to 31.3 yr
Immunosuppression
Cyclosporine
Tacrolimus
Mycophenolate mofetil
Azathioprine
Sirolimus
Prednisone
CVD drug use
ACEi/ARB
␤-blocker
Statin
ASA/other

48 ⫾ 12 yr (18–79;
n ⫽ 440)
59% (322 men)
66% (355 cadaver)
152 ⫾ 65 mol/l
61 ⫾ 24 ml/min
6.3 ⫾ 6.6 yr
1.4 ⫾ 1.8 yr
28.6 ⫾ 6.4 kg/m2
81 ⫾ 19 kg
51%
36%
38%
13%
13%
81%
43%
49%
50%
32%

CrCl, creatinine clearance by Cockcroft-Gault; ACEi,
angiotensin converting enzyme inhibitor; ARB, angiotensin
receptor blocker; statin, HMG CoA reductase inhibitor; ASA,
acetylsalicylic acid.

Information was missing in some patients. Those without
information on smoking or EKG were assumed to be
nonsmokers in calculating cardiovascular disease risk (13).
b
An individual may have more than one cardiovascular
disease.

The average patient at baseline was a middle-aged man transplanted approximately 6 yr ago and was treated with a calcineurin inhibitor, with 19% being steroid-free. Renal function
was modest, with a mean creatinine clearance of 61 ml/min,
and 31% having trace or greater proteinuria. Distributions of
the Framingham 10-yr risk scores for cardiac disease and stroke
are shown in Figures 1A and 1B. At baseline, systolic BP was
⬎130 mmHg in 46% and LDL cholesterol was ⬎2.5 mmol/L in
66% of patients.
Patients were followed for a median of 4.73 yr. A description
of all cardiovascular events is shown in Table 3. First event
rates per 100 patient-yr for the entire cohort were 1.79 (n ⫽ 38),
0.77 (n ⫽ 16), and 4.1 (n ⫽ 92) for cardiac, stroke, and all events
(cardiac, stroke, and all other events). Graft loss (including
death with function) and total mortality per 100 patient-yr were
4.00 (n ⫽ 89) and 2.26 (n ⫽ 50), respectively. The concordance
statistics comparing actual events to the risk scores were 0.646
(95% CI 0.573 to 0.720, P ⫽ 0.003) for major cardiac events, 0.713
(95% CI 0.598 to 0.827, P ⫽ 0.004) for stroke, and 0.701 (95% CI
0.65 to 0.752, P ⬍ 0.001) for all events (for all events the 10-yr
cardiac and stroke score was summed). Surprisingly, the risks
scores were better predictors of subsequent CHF (c ⫽ 0.689, P ⬍
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Table 3. Total cardiovascular events
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Figure 1. (A) Distribution of 10-yr Framingham cardiac risk
scores, and (B) distribution of 10-yr Framingham stroke risk
scores.

0.001 and c ⫽ 0.731, P ⬍ 0.001 for the cardiac and stroke scores,
respectively).
Overall the Framingham risk score underestimated observed
cardiac events but not stroke. The observed-to-predicted event
rate ratios in the entire cohort were 1.64 (95% CI 1.19 to 2.94)
and 0.96 (95% CI 0.59 to 1.55) for cardiac and stroke, respectively. Stroke was not overestimated in any population subgroup; however, several subgroups demonstrated significant
overestimates for cardiac events. Pretransplant diabetes mellitus (2.12, 95% CI 1.27 to 3.44, 13 events in 109 patients at risk)
and prior cardiac disease (2.00, 95% CI 1.32 to 2.94, 20 events in
151 patients at risk) had significantly higher observed event
rates relative to the predicted events. Patients age ⬎60 (1.1, 95%
CI 0.61 to 1.94, 10 events in 119 patients at risk) were not at

increased risk. Patients age ⬍45 without diabetes mellitus (1.2,
95% CI 0.42 to 3.33, three events in 161 patients at risk) were not
at increased risk. Patients between ages 45 and 60 without prior
diabetes mellitus or cardiac history were not at increased risk
(1.22, 95% CI 0.57 to 2.55, 6 events in 128 patients at risk).
However, patients with ages between 45 and 60 with either
diabetes mellitus or prior cardiac disease had event rates that
were much higher than predicted (2.74, 95% CI 1.70 to 4.24, 15
events in 95 patients at risk).
Combined ACE inhibitor (or ARB), ASA, ␤-blocker, and statin use was explored in the cohort. Overall only 41 of the entire
population (7.6%), 37 of the population age ⬎45, and 25 of the
patients age 45 to 60 (26%) who had diabetes mellitus or prior
cardiac history, were on all four medications. Overall 147 of the
entire population (27%), 125 of the population age ⬎45 (37%),
and 53 of the patients age 45 to 60 (55%) who had diabetes
mellitus or prior cardiac history, were on three of the four
medications.
Figures 2A and 2B show that there were no significant differences for observed major cardiac (P ⫽ 0.71) or all-event rates
(P ⫽ 0.36) between the two calcineurin inhibitors. However
10-yr event rates predicted for cardiac (9.3 versus 13.5%, P ⬍
0.001) and stroke (7.1 versus 10.0%, P ⫽ 0.002) were lower for
tacrolimus compared with cyclosporine-treated patients. Table
4 shows that there were significant differences between these
two subcohorts for baseline covariates. After adjusting for patient age, gender, left ventricular hypertrophy by EKG, duration of transplant function, donor source, and diabetes mellitus
before transplantation the analysis found hazard ratios for tacrolimus (relative to cyclosporine) to be 2.50 (95% CI 1.09 to
5.90, P ⫽ 0.036) for major cardiac events, 1.55 (95% CI 0.80 to
3.01, P ⫽ 0.198) for combined cardiac and stroke events, and
1.30 (95% CI 0.78 to 2.17, P ⫽ 0.320) for all events. In the
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Figure 2. (A) Event-free survival stratified by calcineurin inhibitor use for major cardiac events. (B) Event-free survival stratified by calcineurin inhibitor use for all events (cardiac, stroke,
peripheral vascular disease and congestive heart failure).

tacrolimus-treated patients with new-onset diabetes mellitus
there were only three events in 38 patients (7.9%), whereas in
the cyclosporine-treated patients with new-onset diabetes mellitus there were six events in 44 patients (13.6%).

Discussion
The principal finding of this analysis is that the Framingham
risk scores for cardiac and stroke are only moderate predictors
in a prevalent cohort of patients being treated in the transplant
clinic with the cardiac scores tending to underestimate risk.
However the biggest underestimation of cardiac risk is in patients between the ages of 45 and 60 with prior diabetes mellitus
or prior cardiac disease. It may simply be that those who
develop kidney failure at a younger age and have prior cardiac
disease and/or diabetes mellitus are a subgroup with more
malignant cardiac but not cerebral vascular disease.
Kasiske et al. showed that the Framingham equation for
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recipients without overt CVD predicted event rates that were
somewhat lower than observed (3). Some of the traditional risk
factors (in particular diabetes mellitus) appeared to have more
weight in the transplant compared with the general population.
A more recent report also showed the equation underestimated
risk but only in “high risk” patients (4). Our findings are
consistent with these two reports. Patients with diabetes mellitus and prior cardiac disease were populations with high
observed-to-predicted event rates. However, neither of the
prior studies examined concordance statistics in their datasets
nor examined the Framingham stroke score. The concordance
statistic for cardiac disease in our study was of similar magnitude to a large male community population with chronic kidney disease from observational cohort trials but considerably
lower than the Framingham population (5). In this study by
Weiner et al., event rates observed for chronic kidney disease
patients were about 2-fold higher than predicted. They also
showed that prediction concordance scores in the kidney disease population improved significantly (from 0.60 to 0.68 for
men and 0.73 to 0.81 for women) by refitting the traditional risk
variables (age, diabetes, smoking, cholesterol, and BP) with
population-specific coefficients (5). In an analysis of 27 studies
with 71,727 patients, Brindle et al. found that the Framingham
risk score ranged from an overestimate (2.87, 95% CI 2.87 1.91
to 4.31) of event rates in low-risk patients to an underestimate
risk of event rates (0.43, 95% CI 0.27 to 0.67) in high-risk
patients (19). The high-risk patients in these studies were those
with hypertension and left ventricular hypertrophy and those
with diabetes mellitus. These findings underscore the notion
that traditional risk factors remain very important and likely
have different relative importance depending on the population studied despite the relative low predictability of the original Framingham equation.
The implication of the low predictive value of the risk score
is that aggressive BP control and lipid control is not necessary.
This would be a mistake. There is relatively strong evidence for
statin use in the transplant population (20). Cohort studies
support importance of BP control for cardiac and renal protection (16,17). The added benefit of ACE inhibitors is under study
in the transplant population and was strongly supported in
studies of chronic kidney disease (21). ASA might be worthy of
formal study in the transplant population yet is already well
established for primary and secondary prevention in other
populations (22,23). ␤blockers have also not been studied rigorously in the kidney transplant population, but are of proven
benefit after an ischemic cardiac event and in patients with
chronic kidney disease undergoing noncardiac surgery (24,25).
Given that the patients with diabetes mellitus and prior cardiovascular disease are the ones at highest risk, aggressive traditional risk factor reduction is essential. In this study almost 75%
of the patients at high risk were not on all four cardioprotective
medications (ACEi/ARB, ␤-blocker, ASA, and statin) and only
slightly more than half were on three of the four medications,
implying important potential for improvement (15). In his review, Yusuf estimates that each of the four cardioprotective
agents reduces risk independently by 25 to 30% (15). In addition to greater medication use, this study shows that there is
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Table 4. Baseline characteristics of the cyclosporine and tacrolimus subgroups
Variable

Tacrolimus
(n ⫽ 197)

Cyclosporine
(n ⫽ 273)

Probability

Age
Male gender % (n)
Deceased donor (%)
Duration transplant
Any cardiovascular disease
Diabetes mellitus pretreatment
New-onset diabetes mellitus
EKG left ventricular hypertrophy
Body mass index
Smoking
Systolic BP
Diastolic BP
Total cholesterol
LDL
Albumin
Hemoglobin
Creatinine clearance
Dipstick ⬎negative
ASA
␤-blocker
ACEi/ARB
Statin

46 ⫾ 12
53.8 (106)
66.5 (131)
2.6 ⫾ 2.6
22.8 (45)
25.4 (50)
19.3 (38)
13.3 (26/195)
28.4 ⫾ 6.1
23.9 (47)
131 ⫾ 17
78 ⫾ 9
4.83 ⫾ 1.02
2.69 ⫾ 0.81
38 ⫾ 4
132 ⫾ 17
67 ⫾ 25
27.7 (54)
29.4 (58)
50.5 (99)
36.0 (71)
42.1 (83)

51 ⫾ 13
62.6 (171)
66.7 (182)
6.9 ⫾ 5.0
30.8 (84)
17.6 (48)
16.1 (44)
22.7 (58/256)
30.0 ⫾ 6.6
17.9 (48)
135 ⫾ 17
78 ⫾ 10
5.40 ⫾ 1.15
2.93 ⫾ 0.93
38 ⫾ 4
129 ⫾ 16
57 ⫾ 21
31.0 (83)
33.7 (92)
49.8 (136)
48.7 (133)
58.2 (159)

⬍0.001
0.055
0.969
⬍0.001
0.058
0.04
0.372
0.012
0.363
0.116
0.043
0.517
⬍0.001
⬍0.001
0.419
0.041
⬍0.001
0.447
0.33
0.926
0.006
0.001

considerable room for improvement in the areas of BP and lipid
control (46% of the population had a systolic BP ⬎130 mmHg
and 65% had LDL cholesterol ⬎2.5 mmol/L).
Achieving cardiovascular risk targets and medication retention are important concerns. Although patient reluctance, medication cost, and side effects are important barriers, there still is
a significant gap in physician prescribing in our transplant
population (13). Clinical inertia is the failure to intensify or add
medications when indicated and this has been demonstrated to
be quite high for hypertension in our kidney transplant population. In only 36% of clinic encounters did physicians adjust
medications to reduce the BP in patients presenting with elevated BP (26). This phenomena is well described in the general
population in which rates of clinical inertia remain very high
(27). There may be strategies to improve clinical inertia in the
clinic by increasing BP measurement certainty, but this requires
further rigorous study (26). We have also shown that although
patients are prescribed cardioprotective medications, the drugs
are stopped over time in a significant proportion of patients
(28). For example, in our kidney transplant population over a
2-yr period, 66 new patients were started on a statin; however,
19 patients previously on the medication had their statin
stopped, often for reasons that were not clear. Poor adherence
to statins, ␤-blockers, and ACE inhibitors in patients suffering
their first cardiac event has also been reported in the nontransplant population, where discontinuation rates approach 40%
within the first year of follow-up (29). Strategies to improve
therapeutic intervention and improve retention deserve further
study.

The study confirmed that patients treated with tacrolimus
have better cardiovascular risk profiles compared with cyclosporine-treated patients (30,31,32). Cyclosporine patients in our
study had higher cholesterols and systolic BP, as expected. In
addition, cyclosporine patients had poorer renal function and
lower hemoglobin levels. Despite these differences, tacrolimustreated patients did not have fewer cardiac events. One plausible explanation was that new-onset diabetes mellitus in the
tacrolimus-treated patients was not only more frequent but also
more malignant than the same disease process in cyclosporinetreated patients and therefore responsible for the excess events.
However, there were in fact fewer events in the subgroup of
tacrolimus-treated, new-onset diabetic patients. Patients on cyclosporine were more likely to receive ACEi/ARBs and ASA.
These may have afforded some additional protection not detected by BP and cholesterol levels. Given that there were no
differences when all events were considered, the significant
finding of fewer hard cardiac endpoints in cyclosporine-treated
patients may simply be a type 1 statistical error. In a randomized trial in patients with chronic allograft nephropathy, Waid
found fewer cardiovascular events in patients converted to
tacrolimus compared with those remaining on tacrolimus (32).
However a breakdown into the types of events was not provided in their report. Nonetheless, the implication of our findings is that conversion to tacrolimus to reduce cardiovascular
risk may not readily translate into a reduction in observed
events. On the other hand, relatively more cardioprotective
medications will be needed in cyclosporine-treated patients.
In keeping with other reports, CHF was a frequent event.
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Rigatto et al. reported high de novo CHF rates in their kidney
transplant population (33). Significant predictors were age, sex,
diabetes mellitus, BP, and anemia. Surprisingly, in our cohort
the Framingham cardiac and stroke risk scores were predictive
of CHF events to a greater extent than ischemic events. Because
most of the predictors in the Rigatto study are also variables in
the risk equations, and most of the patients (21 of 31) who
developed CHF in our study had prior cardiovascular events,
the observation that the risk scores predicted CHF should not
be unexpected. Although the scores were not designed to predict CHF events, they may help predict those most likely to
develop CHF and therefore are of added clinical utility in the
transplant clinic.
The limitations of this study are the relatively small sample
size and small number of major cardiac and stroke events. This
limited our ability to test individual traditional or nontraditional risk factors and to consider a new prediction model.
Others are in the process of developing a kidney transplantspecific instrument, but this will require large external samples
for validation (34). The Framingham risk equation was also
developed and validated for those without prior cardiac disease. The computerized software that was used in this study is
proprietary, well validated for patients without prior cardiac
history, but less well validated in those with a prior cardiac
history (18). The presence of more overt disease and possibly a
greater prevalence of covert disease in chronic kidney disease
populations may be the reasons why cardiac events are not as
easily predicted and are underestimated in this population. In
addition, our study endpoints are not exactly the same as the
original Framingham population endpoints. In our study, as
well as the other kidney transplant reports, angina alone was
not used as an endpoint (3) nor were follow-up electrocardiograms evaluated for the presence of silent myocardial infarction
(3,4). Study endpoints have also differed in re-evaluations of
the Framingham risk score in the general population studies
referred to earlier (5,19). The risk calculator assumed that the
combined endpoints of fatal and nonfatal coronary artery disease and revascularization would be equivalent to the Framingham endpoints of fatal and nonfatal myocardial infarction,
angina, and coronary insufficiency (18). The study also used
prevalent patients ⬎6 mo post-transplantation rather than incident patients and there may be a survival bias for patients
transplanted many years earlier. However, the study by MeierKriesche et al. showed that event rates are fairly stable after 6
mo (35). The concept that the four cardioprotective medications
will independently improve cardiac outcomes in the transplant
population is also not known (15). Ideally, examining differences between calcineurin inhibitors is best dealt with in a de
novo randomized clinical trial. A meta-analysis of past studies
(if the data are available) or an analysis of cardiovascular
outcomes from the DIRECT trial would be more informative
and unbiased (36).
This study shows that the Framingham risk score is inadequate for our population. Nonetheless, patients at the highest
risk are easily identified (diabetes mellitus and prior cardiac
disease). Although this suggests that pretransplant care in this
subpopulation may be deficient and that future study of novel
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biomarkers will be needed, we are still left with improving the
outcomes of those presently in our clinics. Greater attention to
cardiovascular risk factor control and increased use of cardioprotective medication may provide substantial benefit to our
recipients.
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