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Rates of death with function, by cause;

adult transplant patients (USRDS)

first-time, kidney-only 

transplant recipients, age 

18 & older & 

transplanted 1997–2006, 

who died with a 

functioning graft 

(N=14,169). Cause of 

death obtained from 

OPTN when available, 

otherwise taken from 

ESRD Death Notification 

form.



Cardiovascular Disease
in Transplant Recipients
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Risk Factors for post-transplant CVD

Independent risk factor Univariate Multivariate

Age (decade)                       1.49 (0.000)         1.71 (0.000)

Diabetes                                 2.09 (0.001)         1.67 (0.058)

Male                                       2.28 (0.001)         2.25 (0.000)

Splenectomy                          1.65 (0.090) 1.98 (0.043)

Each acute rejection 1.26 (0.010) 1.31 (0.008)

HDL (each 10mg/dl) 0.80 (0.010) 0.80 (0.010)

Pre-transplant IHD 6.00 (0.000) 1.63 (0.091)

Post-transplant PVD 9.08 (0.000) 4.58 (0.000)

Post-transplant CVD 15.6 (0.000) 8.25 (0.000)

Modified from Kasiske et al., JASN 1996;7:158-165



Kasiske et al.,  JASN 11;1735, 2000

123 events in 1124 RTR 



Factor OR P value

Age (yr) 1.06 <0.0001

Diabetic NP 3.03 0.028

Smoking 1.85 <0.0001

2+ Rejections 1.62 0.034

TC > 280 mg/dL 2.18 0.048

Kasiske et al.,  JASN 11;1735-1743, 2000

Risk Factors for Post Transplant CHD



Risk Factors – MI

RR CI P   .

Age 1.03 (1.00,1.05) 0.0211

Diabetes 2.36 (1.42,3.04) 0.0010

Smoking 2.31 (1.78,5.63) 0.0017

CHD 3.17 (2.08,5.18) 0.0001

LDL 1.41 (1.12,1.77) 0.0038



Risk Factors – Cardiac death

RR CI P   . 

Age 1.05 (1.02,1.08) 0.0001

Diabetes 2.82 (1.62,4.91) 0.0002

Smoking 1.55 (0.86,2.80) 0.1490

CHD 3.60 (1.96,6.63) <0.0001

LDL 1.28 (0.99, 1.65) 0.0607

SBP 1.01 (1.00,1.03) 0.0506

PP 1.01 (1.00,1.03) 0.0034

LVH 2.08 (1.11, 3.89) <0.0001

ST-T 3.59 (2.07, 6.21) <0.0001



4D ALERT 4S AURORA

EP Placebo Placebo Placebo Placebo

CD 23% 5.1% 8.5% 23.4%

AMI (NF) 12% 6.3% 22.6% 7.7%

Non-CVD 25% 6.2% 2.2% 19.4%

Is CVD the same in Transplant  recipients?





Risk Factor Modifiable? Iatrogenic?

(2º immunosuppression)

Age No No
Sex No No

Smoking Yes No

Diabetes No No
PTDM Yes Yes (+++)

Blood Pressure Yes Yes (++)
LVH NK Yes (BP)
Acute rejection Yes Yes (++++)

Graft function Yes Yes (++/AR)
Hyperlipidaemia Yes Yes (++)

CV risk in Renal Transplantation



Effect of immunosuppressive 
agents on CV risk factors

Cardiovascular risk 

factors
Steroids Aza MMF CsA Tac TORi

Hypertension ↑ ↔ ↔ ↑ ↑ ↔

LVH ↑ ↔ ↔ ↑ ↑ ↑

Cholesterol ↑ ↔ ↔ ↑ ↑ ↑

LDL ↑ ↔ ↔ ↑ ↑ ↑

Triglycerides ↑ ↔ ↔ ↑ ↑ ↑

Diabetes mellitus ↑ ↔ ↔ ↑ ↑ ↑

Renal function ↔ ↔ ↔ ↓ ↓ ↔

↑ Increase      ↓ Decrease      ↔ Neutral
LVH = left ventricular hypotrophy; LDL = low-density lipoprotein



Is it reasonable to reduce, stop or change
immunsuppressive therapy to prevent the long-term
consequences of transplantation (i.e Cancer, 
Diabetes, Infection and CVD)?

What is the question?



Is it reasonable to reduce, stop or change
immunsuppressive therapy to prevent the long-term
consequences of transplantation (i.e Cancer, 
Diabetes, Infection and CVD)?

Do YOU reduce, stop or change immunosuppression
to modify CV risk factors (Hypertension, Diabetes,
Dyslipidaemia)?

What is the question?



Is it reasonable to reduce, stop or change
immunsuppressive therapy to prevent the long-term
consequences of transplantation (i.e Cancer, 
Diabetes, Infection and CVD)?

Do YOU reduce, stop or change immunosuppression
to modify CV risk factors (Hypertension, Diabetes,
Dyslipidaemia)? WHY NOT?

What is the question?



Is it reasonable to reduce, stop or change
immunsuppressive therapy to prevent the long-term
consequences of transplantation (i.e Cancer, 
Diabetes, Infection and CVD)?

Do YOU reduce, stop or change immunosuppression
to modify CV risk factors (Hypertension, Diabetes,
Dyslipidaemia)?

Or to improve renal function?

What is the question?



Lipids
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Holdaas et al., Lancet 2003, NDT 2005

Jardine et al., Am. J. Transplant 2004 

Fellstrom et al., Kidney Int. 2004, 2005



Endpoint Probabilities at Baseline LDL-

cholesterol Levels
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Lipid sub-fractions in ALERT.





Wissing et al., Transplantation 2006; 
82:771-778.



Lipid levels vs. Sirolimus level
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Belatacept

Vanrenterghem et al., Transplantation 2011 (ePub)



Hypertension



BP and Late 
CVD Mortality

G Opelz, et al., Am J Transplant

2005; 5:2725

Association between BP and 

CVD deaths in 1st deceased 
donor transplants performed in 

1987-2000 (N=24,404). (P>0.05)



Endpoint Probabilities at Baseline Systolic Blood 

Pressure
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Endpoint Probabilities at Baseline Diastolic 

Blood Pressure
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Heinze et al., JASN 2006;17:889-899



BP following CsA elimination
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Se Ct fell from 137 to 131 umol/L (P<0.01)

Mean BP fell from 104 to 99 mmHg (P<0.001)

LDL decreased from 3.48 to 3.11 mmol/L 

TG reduced – 2.11 vs., 1.72 mmol/L (P<0.001)

Oxidation of LDL reduced 

Transient rise in blood sugar

Improved CV risk profile after randomised 
conversion from CsA to Tac

Artz et al.,J. Am. Soc. Nephrol. 14:1880-1888, 2003



Vanrenterghem et al., Transplantation 2011 (ePub)



The uraemic heart



LVH is a determinant 
of risk of cardiovascular disease
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Paoletti E et al. Am J Kidney Dis 2008;52:324–30

Non-randomised, single-centre trial in
13 kidney transplant patients and 26 controls

Conversion from CNI to mTORi may 
improve LVH
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Rejection & 
Graft function
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Endpoint Probabilities at Baseline Creatinine 
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One Year Ct Predicts CV Death



Creatinine, On Therapy

Months

0 6 12 18 24 30 36

m
g

/d
L

1.2

1.4

1.6

1.8

2.0

2.2

2.4

µµ µµ
m

o
l/
L

100

120

140

160

180

200

220

SRL+CsA

SRL

Randomization

*****
*

* * * * * *

* p <0.001

* *
*

*

Renal Function RMR study 



Se Ct fell from 137 to 131 umol/L (P<0.01)

Mean BP fell from 104 to 99 mmHg (P<0.001)

LDL decreased from 3.48 to 3.11 mmol/L 

TG reduced – 2.11 vs., 1.72 mmol/L (P<0.001)

Oxidation of LDL reduced 

Transient rise in blood sugar

Improved CV risk profile after randomised 
conversion from CsA to Tac

Artz et al.,J. Am. Soc. Nephrol. 14:1880-1888, 2003



N GFR (12 mo) GFR (12 mo) BPAR (6 / 12 mo)
Graft survival (12 

mo)
Patient survival (12 

mo)

(ITT) median [ml/min] mean ± SD [ml/min] [%] [%] [%]

Normal-dose CsA 385 56.8 56.2 ± 25.9 23.5 / 25.3 90.0 96.5

Low-dose CsA 399 60.9 58.9 ± 25.7 21.4 / 23.5 93.1 98.2

Low-dose TAC 402 65.4 64.5 ± 27.9 11.2 / 12.3 94.2 97.2

Low-dose SRL 399 57.3 55.9 ± 27.5 33.3 / 35.3 89.2 96.8

The SYMPHONY Study





Ferguson et al., Am J Transpl 2011;11:66-76

Belatacept – Renal Function



NODAT



Post-Transplant Diabetes Mellitus / PTDM

New Onset Diabetes After Tx/ NODAT

•Incidence  

•Impact on patient outcomes

•Impact on graft outcomes



Woodward et al., 2003 Am. J. Tx 2003;3:590-8

NODAT



Montori et al., 2002

Systematic Review of 19 studies: 12 month cumulative
incidence 1.8-21.7% of RTR

Woodward et al., 2003 Am. J Tx 3:590-598.
RTR - 13.2-14.9% at  1 year

Kasiske et al., 2003 Am J Tx 3:178-185.
11,659 RTR – 16%/6 months, 24%/3 years

Heisel et al., 2004 Am. J. Tx 4:583-595.
Meta-analysis of 56 trials of CNI in ALL transplants
Overall 13.4%; 10.4% Tac vs., 4.5%. 

Incidence of NODAT
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Kuo et al., AJKD 2010;56:1127-39

UNOS NODAT survival



Belatacept - NODAT

Vanrenterghem et al., Transplantation 2011 (ePub)



Kasiske et al., 2003 Am J Tx 3:178-185.
11,659 RTR – HR for death 1.87

Gill et al., 2004 Am. J. Tx 4:583-595.
USRDS registry - RTR

All cause mortality increased; HR 1.76

Fernandez-Fresnedo et al.,2003.

10 year RTR survival reduced – 69% vs., 83%

Valantine et al., 2001

Heart Tx 8 year survival reduced – 63% vs., 95%

NODAT and patient survival



Van Hooff et al.,Transplantation. 2005 (June)79:1465-69

NODAT



Hjelmesaeth et al., NDT 2001; 16:829-835



6 month trial; 538 patients randomised to:

Dac, Tac, MMF vs., Tac, MMF, Pred

AR 16.5% in both groups

Mean Ct. (125 vs., 131)

TC increased by 0.19 vs., decreased by 0.19 

mmol/L

Reduced NODAT (5.4% vs., 0.4%)

Reduced hyperglycaemia (13.1 vs., 15.8%)

The CARMEN study – Steroid free 

Rostaing et al., Transplantation 2005; 79:807-814.



The Direct Study

Vincenti et al., Am J Transplant 2007;7:1-9



Steroid Withdrawal



Knight and Morris Transplantation 2010;89:1-14

No Steroid META-ANALYSIS

Rejection HR 1.56 (1.31-1.87) P<0.0001

Survival HR 0.82 (0.61-1.11) P=0.02



Knight and Morris Transplantation 2010;89:1-14

No Steroid META-ANALYSIS

Creatinine Clearance



Knight and Morris Transplantation 2010;89:1-14

No Steroid META-ANALYSIS

CV Risk Factors



Knight and Morris Transplantation 2010;89:1-14

No Steroid META-ANALYSIS

Other Risk Factors



How are we doing?



Pilmore et al., Transplantation 2010;89:851-857



Pilmore et al., Transplantation 2010;89:851-857



Pilmore et al., Transplantation 2010;89:851-857



Pilmore et al., Transplantation 2010;89:851-857

Multivariate Analysis

Univariate Drugs



How are we doing?

How are we doing it?



Pilmore et al., Transplantation 2011;91:542-551

The PORT study



Pilmore et al., Transplantation 2011;91:542-551

The PORT study



Pilmore et al., Transplantation 2011;91:542-551

The PORT study



Do YOU reduce, stop or change immunosuppression
to modify CV risk factors (Hypertension, Diabetes,
Dyslipidaemia, Renal Dysfunction)?

NOT very often

Steroid withdrawal is the best studied approach

The most important CV risk factor is graft function

Better trials are needed

What is the answer?



Djamali et al., Kidney Int 2010;78:S15-21


