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Risk Factors Profile and Cardiovascular Events in Solid 
Organ Transplant Recipients

Ahad J Ghods

By advances in surgical techniques, success in prevention and 
treatment of transplant-related infections, and introduction of new 
immunosuppressive drugs, the patient and graft survival rates in solid 
organ transplant recipients has steadily and remarkably improved. 
It has been shown that the longer the transplant patients survival 
rate, the more saturation with cardiovascular risk factors and the 
greater risk of cardiovascular mortality. Currently, cardiovascular 
disease is the primary cause of death after kidney transplantation 
and is among the three most common causes of death after heart and 
liver transplantation. Over the past decades, because of risk factor 
reduction, mortality from coronary artery disease has substantially 
decreased in the general population. Recent studies suggest that 
risk factors reduction also significantly decreases cardiovascular 
events and deaths in solid organ transplant recipients. 
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INTRODUCTION 
Over the past decades, organ transplantation has 

been used increasingly for the treatment of patients 
with end-stage organ failure and has become the 
treatment of choice for many patients with end-
stage kidney, liver, heart, or lung disease. Only in 
2008, a total of 28 330 solid organ transplantations 
were carried out in the United States.1 The most 
common organ transplantation was kidney 
transplants (n = 16 821), followed by liver (n = 6301), 
heart (n = 2176), lung (n = 1554), kidney-pancreas 
(n = 861), pancreas alone (n = 396), intestine 
(n = 188), and heart-lung (n = 33) transplants.1 
Obviously, in the same year, similar numbers of 
transplants were also performed in Europe plus  
other countries of the world. The main reason for 
such increasing number of transplants around world 
is continuous improvements in patient and graft 
survival rates that leads to increasing number of 
candidates for solid organ transplantation. 

According to the most recent data of the Scientific 
Registry of Transplant Recipients patient survivals 
have improved in all solid organ transplantations.2 

Patient survival after 5 years of transplantation has 
remarkably increased in kidney transplant recipients 
and has reached over 90% and over 80% in living 
and deceased donor kidney transplantations, 
respectively. There have also been significant 
improvements in patient survival in liver and heart 
transplant recipients. In heart transplant recipients, 
the 5-year patient survival has reached 74% and in 
liver transplant recipients, patient survival after 
5 years of transplantation has reached 75% and 
72% for living donor and deceased donor liver 
transplantation, respectively. However, there has 
been modest increase in patient survival in lung, 
intestine, and heart-lung transplant recipients. Five-
year patient survival has reached 55% in intestine 
transplant recipients and to 53% and 49% after 
lung and heart-lung transplantation, respectively.2

The main reasons for improving patient and 
graft survival rates during the past decades have 
been advances in surgical techniques, success in 
prevention and treatment of transplant-related 
infections, increasing public awareness, and 
introduction of new immunosuppressive drugs. 
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However, as the number of patient deaths due to 
surgical complications, transplant-related infections, 
and immunological graft losses has decreased 
resulting in prolongation of life expectancy after 
transplantation, solid organ transplant recipients 
have been faced with a greater risk of mortality 
that is cardiovascular death. Today, cardiovascular 
disease has become one of the leading causes of 
death in solid organ transplant recipients. 

Currently, cardiovascular diseases are the primary 
cause of death after kidney transplantation and are 
among the three most common causes the death after 
heart transplantation and liver transplantation.3-7 
However, cardiovascular diseases only account for 
approximately 10% of deaths in lung transplant 
recipients.5,8 Cardiovascular mortality rate is lower 
among lung transplant recipients because the length 
of survival is lower after lung transplantation 
compared with length of survival after kidney, heart, 
or liver transplantations. This is an established fact 
that the longer the transplant patient survival rate, 
the more saturation with cardiovascular risk factors 
and the greater risk of cardiovascular mortality.3,9 

This review will mainly focus on the high 
prevalence of risk factors and cardiovascular events 
in kidney transplant recipients. Then, it will briefly 
describe that these risk factors and cardiovascular 
events has also increased remarkably in liver and 
heart transplant recipients. 

KIDNEY TRANSPLANTS 
It  is  well  documented that patients with 

kidney failure, at all stages, are at a high risk 
of cardiovascular mortality. There are studies 
suggesting that patients with mild to moderate 
kidney failure experience a high rate of fatal and 
nonfatal cardiovascular events prior to reaching end-
stage kidney disease. Go and coworkers conducted 
a study in a large, community-based population 
and observed an independent graded association 
between reduced estimated glomerular filtration 
rate and cardiovascular events. They showed that 
as estimated glomerular filtration rate decreases, 
the age-adjusted rate of death, cardiovascular 
events, and hospitalizations increases.10

Currently, cardiovascular diseases are the leading 
cause of death in patients with end-stage kidney 
disease, not only in those undergoing dialysis, but 
also in kidney transplant recipients. Sarnak and 
coworkers compared the annual cardiovascular 

mortality in patients undergoing dialysis and 
in transplant recipients with that in the general 
population.11 They showed that cardiovascular death 
rate is higher in dialysis patients for all age groups, 
especially for the young whose cardiovascular 
mortality is up to 100 times higher than that of 
the general population. The reason for such a high 
cardiovascular mortality is that patients with end-
stage kidney disease are heavily saturated with 
cardiovascular risk factors. In dialysis patients and 
kidney transplant candidates, the prevalence of 
systemic hypertension, left ventricular hypertrophy, 
diabetes, and hypercholesterolemia have been 
reported to be 80%, 75%, 40%, and 25% respectively.3 
After a successful kidney transplantation, the 
probability of cardiovascular mortality decreases 
compared with dialysis patients, but it does not 
reach the rate in general population. This is because 
many cardiovascular diseases risk factors do not 
disappear after a successful kidney transplantation. 
In addition, by taking immunosuppressive drugs 
that have diabetogenic and atherogenic potentials 
either preexisting cardiovascular disease risk factors 
are worsened or even new risk factors develops.3

According to several studies, the prevalence of 
cardiovascular disease risk factors increases or 
remains higher after kidney transplantation. The 
prevalence of systemic hypertension, diabetes, 
hypercholesterolemia, left ventricular hypertrophy, 
and obesity have been reported to present in 80%, 
55%, 60%, 52%, and 32% of kidney transplant 
recipients, respectively. Several studies have also 
shown that the annual risk of cardiovascular death 
in kidney transplant recipients to be in the range 
of 3.5% to 5%, which is 50-fold higher than that 
in the general population.3

Aakhus and coworkers studied cardiovascular 
morbidity and mortality in 406 stable kidney 
transplant recipients during a 5 years’ follow-
up.12 In this period, they recorded 88 deaths, 
74% of the causes of which were cardiovascular 
events. They also showed that in all age groups, 
the annual rate of cardiovascular mortality was 
significantly higher in kidney transplant recipients 
compared with that in the general population. The 
comparison of baseline characteristics between 
survivors (n = 317) and nonsurvivors (n = 88) 
showed that the prevalence of cardiovascular risk 
factors such as ischemic heart disease, congestive 
heart failure, cerebrovascular disease, diabetes, 
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hypertension, high systolic blood pressure, high 
triglyceride levels, declined creatinine clearance, 
left ventricular hypertrophy, and sedentary life 
style were all significantly higher in nonsurvivor 
kidney transplant recipients. The authors studied 
predictors for cardiovascular events after kidney 
transplantation by using multivariable analysis 
and showed that predictors for death of ischemic 
heart disease were age, systolic blood pressure, 
high-density lipoprotein cholesterol, congestive 
heart failure, and diabetes mellitus. The predictors 
for major ischemic heart events were also the same 
plus total cholesterol levels and cerebrovascular 
diseases.12

Risk factors for cardiovascular events after a 
successful kidney transplantation has also been 
studied by Vanrenterghem and coworkers.13 In 
this study, the authors investigated the incidence 
of cardiovascular events and identified the main 
risk factors for cardiovascular complications and 
mortality in 2071 kidney transplant recipients. 
They showed that the incidence of cardiovascular 
events increases over time. According to this 
study, 75% of kidney transplant recipients were 
free from cardiovascular events at 10 years after 
transplantation; however, this rate decreased 
to 47% by 15 years posttransplantation. The 
important risk factors for cardiovascular events in 
kidney transplant recipients surviving more than 
1 year after transplantation were male gender, 
older age, hypertension before transplantation, 
longer duration of dialysis, cardiovascular events 
before transplantation, posttransplant diabetes, 
corticosteroid therapy, and high serum triglyceride 
levels.13

Meier-Kriesche and coworkers used data of 58 900 
kidney transplant recipients that were supplied 
by the United States Renal Data System and the 
Scientific Registry of Transplant Recipients, and 
they showed that decreased kidney function is a 
strong risk factor for cardiovascular death after 
kidney transplantation. In this study, a serum 
creatinine of more than 1.5 mg/dL at 1 year 
after transplantation was a strong risk factor for 
cardiovascular death. Risk of decreased kidney 
function was completely independent from other 
known risk factors.14 

There are many known cardiovascular risk factors 
in kidney transplant recipients that can be divided 
into traditional and nontraditional risk factors. 

Traditional risk factors are systemic hypertension, 
diabetes mellitus, hypercholesterolemia, congestive 
heart failure,  left  ventricular hypertrophy, 
cardiovascular events before transplantation, 
duration of dialysis, hypertriglyceridemia, obesity, 
smoking,  anemia,  and immunosuppressive 
drugs, and nontraditional risk factors include 
hyperhomosysteinemia, proteinuria, oxidative stress 
biomarkers, systemic inflammation biomarkers, 
lupus ant icoagulant  ant ibodies ,  advanced 
glycosylation end products.3,15-21 The discussion 
about each of these risk factors is beyond the scope 
of this review. 

Studies in the general population have shown 
that because of risk factors reduction, mortality 
due to coronary artery disease has substantially 
decreased in the recent years. Now the question is 
whether reduction of cardiovascular risk factors in 
solid organ transplant recipients has also decreased 
cardiovascular events.  Ford and coworkers 
conducted a study and showed that mortality 
from coronary heart disease in the United States 
has decreased substantially in recent decades.22 
From 1980 through 2000, the age- adjusted death 
rate for coronary heart disease fell from 542.9 to 
266.8 deaths per 100 000 population among men and 
from 263.3 to 134.4 deaths per 100 000 population 
among women, resulting in more than 340 000 
fewer deaths from coronary heart disease in 2000. 
Approximately, 47% of this decrease was explained 
by the use of medical and surgical treatments and 
approximately 44% was attributed to changes in 
cardiovascular risk factors, including reduction 
in total cholesterol (24%), systolic blood pressure 
(20%), smoking prevalence (12%), and physical 
inactivity (5%). During this period, the prevalence 
of obesity and diabetes increased. As a result, these 
reductions were partially offset by the increase 
in the body mass index and the prevalence of 
diabetes by 8% and 10%, respectively.22 Pilmore 
and coworkers studied all patients in Australia and 
New Zealand with a functioning kidney transplant 
between 1980 and 2007 and examined trends in 
the cause and timing of all 2195 deaths recorded 
after kidney transplantation. They showed that 
cardiovascular events were the most common cause 
of death throughout all the time points examined; 
however, cardiovascular death rates significantly 
decreased by the period from 2005 to 2007 in the 
kidney transplant population.23
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LIVER, HEART, LUNG, AND HEART-LUNG 
TRANSPLANTS 

As mentioned, the longer the solid organ 
transplant recipient survival rate, the more 
saturation with cardiovascular risk factors and the 
greater risk of cardiovascular mortality. In liver 
transplant recipients, patient survival after 5 years of 
transplantation has reached 75% and 72% in living 
donor and deceased donor liver transplantations, 
respectively. According to several epidemiologic 
studies, the prevalence of cardiovascular risk 
factors such as hypertension, hyperlipidemia, 
obesity, and diabetes significantly increases after 
liver transplantation.24 This indicates that the 
rates of cardiovascular events and cardiovascular 
death also increase in liver transplant recipients. 
In some other studies, cardiovascular events range 
from 9.4% at 5 years to 25% at 10 years after liver 
transplantation.6 Cardiovascular death accounts for 
about 21% of deaths of liver transplant recipients 
surviving more than 3 years posttransplant. 
Cardiovascular death is the third leading cause of 
death, 22% of all late mortalities in liver transplant 
recipients.6,25,26 

According to the International Heart Lung 
Transplant Registry, the half life of heart transplant 
recipients has currently reached about 10 years. 
The prevalence rates of hypertension, kidney 
dysfunction, hyperlipidemia, diabetes, and cardiac 
allograft vasculopathy are reported to be 73.3%, 
27.2%, 57.6%, 27.8%, and 7.8%, respectively, at 1 
year after heart transplantation, which increases 
significantly to 97.4%, 38.3%, 93.3%, 38.6%, 51.9%, 
respectively at 10 years. Cardiovascular death is 
also among the three most common causes of death 
in heart transplant recipients.27

In lung transplant recipients, the length of 
patient survival is lower compared to liver and 
heart transplant recipients. According to the 
registry, the half life for lung transplant recipients 
has reached about 5 years. Cardiovascular risk 
factors only modestly increase in these patients 
and cardiovascular death accounts for less than 
10% of all causes. The same is true for heart-lung 
transplant recipients that have lower patient 
survival rates (half life of about 3 years) and 
modest increase in cardiovascular risk factors. In 
these patients, infection and graft failure are still 
the leading causes of death. 
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