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Abstract 

Background:  Kidney transplant recipients (KTRs) have a cardiovascular (CV) risk 3 to 5-fold higher than 

that of the general population. CV disease represents the main cause of death in KTRs, both due to the 

presence of traditional risk factors and factors strictly related to transplant. The main CV risk calculators 

proved to be poorly predictive in the KTR population. We, therefore, aimed to compare the performance of 

CV risk scores already in use and to develop and validate a CV risk score in our KTRs population.  

Methods Our analysis included 371 adult KTRs in follow-up at the outpatient clinic from 1 January 2015 to 

31 December 2016. The composite outcome was the occurrence of MACE. We compared the performance of 

two main CV risk calculators (Framingham Risk Score -FRS- and Patient Outcomes in Renal 

Transplantation-PORT-risk score). Thereafter, we built a predictive model selecting study variables by 

backward stepwise Cox regression. The risk score for each variable was weighted according to the hazard 

ratio (HR) of the final multivariable model. Internal and external validation of the prediction score and its 

discriminative capacity was assessed via area under the curve (AUC), and the calibration via the Hosmer–

Lemeshow test.   

Results After a mean follow-up of 68 months, CV events occurred in 71 (19%) KTRs. FRS and PORT were 

demonstrated to have low predictive power in our population. The accuracy did not improve after adjustment 

for immunological and adjuntive transplant-related variables. Therefore, we derived a model including 

significative variables at multivariate analysis: age, dialysis vintage, systolic blood pressure, eGFR and 24-

hour proteinuria. The model discrimination was good (Harrel’s c: 0.73, AIC 713).  According to the HR, 3 

points were attributed to age higher than 60 years and 24 h proteinuria higher than 1 g/d, 2 points to dialysis 

vintage longer than 5 years, systolic blood pressure higher than 140 mmHg and eGFR less than 30 

ml/min/1.73m2. The new score demonstrated good discrimination (AUC 0.70) and acceptable calibration 

(Hosmer-Lemeshow test  χ211.34, P=0.12).  The new score was internally validated by 10-fold cross-

validation (mean AUC 0.70, 95% CI 0.60-0.77). For each point of the new score, the risk of the event 

increased by 40% and a score higher than three was associated with a 4-fold increased risk of composite 

endpoint.  



Conclusion We confirmed the poor predictive power of the known CV risk assessment tools in our real-

world KTRs population. Moreover, their discriminatory power was not improved by adjustment for the HLA 

compatibility and donor-specific antibody. A new score for CV event prediction including traditional risk 

factors, such as age and systolic blood pressure, and variables related to renal function and the effects of 

previous chronic kidney disease, was developed and internally validated. 
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Introduction 

Although kidney transplant recipients (KTRs) survival has significantly improved, cardiovascular (CV) 

disease represents the main cause of morbidity, death and allograft loss (“death with function graft”).  

As a matter of fact, KTRs have 3 to 5-fold higher risk of CV events than that of the general population due to 

traditional and non-traditional CV risk factors, such as metabolic adverse effect of immunosuppressive 

therapy and uremic milieu (1,2). 

CV risk stratification still relies on the Framingham Risk Score (FRS), which is derived and calibrated on the 

general population, and several studies demonstrated its poor accuracy in KTR population (3).  

Recognizing the need of an improvement in the evaluation of CV risk after kidney transplantation, we aimed 

to compare the performance of thoroughly validated calculators, such as FRS (4) and Patient Outcomes in 

Renal Transplantation (PORT) risk score (5).  

Additionally, we derived and internally validated a new risk score from a retrospective, observational, 

monocentric analysis of 371 subjects referred to our kidney transplant outpatient clinic between 2015 and 

2016. 

Methods 

Study sample 

Our monocentric retrospective analysis included all available adult KTRs in follow-up at the outpatient 

Nephrology Clinic of San Martino Hospital from 1 January 2015 to 31 December 2016, who underwent 

kidney transplantation for more than 12 months.  

Patients referred to another outpatient clinic for post-transplant follow-up or who had CV events 12 months 

before the observation were excluded from the final analysis.  Figure 1 shows the study flow-diagram 

(Fig.1).The clinical investigation was conducted according to principles of the Declaration of Helsinki and 

all participants provided informed consent. 

Data collection 

Data regarding demographics, transplant-related information, coexisting comorbidities as well as information 

on medications were obtained for all enrolled KTRs at baseline and updated at every follow-up visit by self-

reports and review of medical records. Delayed graft function (DGF) was defined as the need for dialysis 



within the first week after transplantation due to inadequate kidney function (6). Blood samples were 

obtained following 8-hour overnight fasting.  

Laboratory measurements included creatinine, glucose, total cholesterol, triglycerides, high-density 

lipoprotein cholesterol (HDL), and 24-hour urinary protein excretion. Low density lipoprotein (LDL) 

concentration was calculated by Friedewald's formula  (7). Office BP was measured at rest, in sitting 

position, three times at 5-minute intervals. Renal graft function, as expressed by estimated glomerular 

filtration rate (eGFR), was calculated according to the CKD-EPI formula (8). Diabetes was defined as self-

reported diagnosis or use of hypoglycemic drugs, excluded SGLT2-inhibitors for protection in non-diabetic 

CKD. Prior CV disease was defined as a history of acute coronary syndrome (ACS) myocardial infarction 

(MI), angina, stroke or previous revascularization.  HLA compatibility (number of mismatches), donor 

specific antibody (DSA) presence and the most recent panel reactive antibody (PRA) before transplantation 

were collected.  

CV risk scores 

The Framingham Risk Score (FRS) predicts an individual's 10-year risk of cardiovascular events based on 

factors such as age and gender (0-15 points), cholesterol levels (0-7 points), blood pressure (0-4 points), 

smoking (0-4 points), and diabetes (0-3 points). (4). 

The Patient Outcomes in Renal Transplantation (PORT) Study risk calculator estimates the risk of coronary 

heart disease (CHD) within 3 years after a visit occurring 1–5 years posttransplant. (5). Variables include age 

(0-9 points), sex (0-2 points), race (0-3 points), most recent PRA (0-1 points), dialysis vintage (0-2 points), 

post-transplant lymphoproliferative disorder (PTLD) (0-9 points), acute rejection (0-5 points), eGFR (0-3 

points), DGF (0-2 points), number of comorbid CV conditions (0-7 points) and previous cardiovascular 

disease (0-6 points). A higher score indicates a higher risk of an event. 

Outcome 

The primary outcome was fatal or nonfatal CV event, a composite of MI, unstable angina or 

revascularization, stroke, and hospitalization for heart failure. Events were identified by direct consultation 

of all hospitalized patient records. The study follow-up lasted a median time of 68 months (range 57-71 



months). Cardiovascular death was defined as sudden cardiac death, death from ACS, due to heart failure or 

cardiogenic shock.  

Statistical Analysis 

Continuous variables are presented as means ± SD and compared by unpaired t-test and. Categorical 

variables are compared by chi-squared test. Skewed data were expressed as median with interquartile range 

and compared with the Kruskal-Wallis test. The normal distribution of the variables was determined by the 

Kolmogorov-Smirnov test.  

Discrimination assessment of the considered score was performed via Area under the curve (AUC) curve 

comparison. 

Univariate and multivariate Cox proportional hazards analysis was used to estimate hazard ratio (HR) and 

the corresponding 95% confidence interval (95% CI) for CV events and all-cause mortality. The risk score 

for each variable was weighted according to the HR of the final multivariable model.  

Goodness-of-fit analysis was compared by using Akaike information criterion (AIC).  

Harrell’s c statistic was performed to evaluate multivariate model discrimination, and the calibration was 

assessed via the Hosmer–Lemeshow test. Internal validation in derivation cohort was performed via 10-fold 

cross-validation.  

Statistical analyses were performed with Stata software (release 14.2; StataCorp, College Station, TX).  

A two-sided P value <0.05 was considered statistically significant. 

Results 

All stable transplant patients on follow-up at our institution (Nephrology and Transplantation Clinical Unit in 

Genoa – IRCCS San Martino Hospital) from 1st January 2015 to 31st December 2016, were included in our 

analysis.  

We enrolled all patients with a functioning graft transplanted 1 year before the evaluation. Patients referred 

to another outpatient clinic for follow-up were excluded.  

After a median of 68 months, CV events occurred in 71 KTRs (19%) with an incidence rate of 51 events per 

1000 patient-years. Table 1 shows baseline demographic, clinical, and laboratory parameters for the 71 

KTRs with, and the 300 with no event. 

Overall, the mean age was 61±13, 34% of patients were female, 89% had hypertension and 14% diabetes. 



The glycometabolic status of participants was fairly good, being the mean values of glucose and LDL-C of 

103 and 96 mg/dl, respectively. The average BP was 132±14/81±4 mmHg, eGFR was 51±18 ml/min per 

1.73m2 with proteinuria 0.2 g/ 24h (Table 1). No PTLD were found in our sample. Calcineurin inhibitor 

(CNI) was predominantly tacrolimus (TAC 72% vs CSA 38%). 

There was no statistically significant difference in transplant-related parameters and comorbidities. 

Patients who experienced the composite endpoint were older and had significantly lower eGFR and higher 

glucose levels, SBP measurements.  

Firstly, we performed the two selected scores (FRS and PORT) on our population and evaluated their 

performance using ROC curves. Their discrimination power was low, with ROC areas of 0.53 for FRS and 

0.57 for the PORT score (Fig. 2). Moreover, the addition of immunological variables, such as the presence of 

DSA and HLA compatibility, did not significantly enhance FRS predictive power (Figure 3). 

As shown in Table 2, in the univariate analysis, age, dialysis vintage, donor age as well as kidney function 

and proteinuria were significantly associated to the occurrence of the composite outcome. As for the BP 

profile, an increase of 10 mmHg both for SBP was associated with a 21% increased risk of developing CV 

events.  

To derive a new calculator chosen variables were considered as categorical by identifying a cut-off via 

fractional polynomials method.  

By multivariable Cox regression, age higher than 60 years, eGFR less than 30 ml/min/1.73 m2, proteinuria 

higher than 1 g/24 h, dialysis vintage longer than 5 years and SBP higher than 140 mmHg were significant 

predictors of composite endpoint, and according to the hazard ratio, a score is assigned as reported in Table 

3. 

The derived score demonstrated better accuracy than the previously tested CV risk calculators (Harrel’s c 

new score=0.73 vs FRS = 0.55; PORT= 0.54; ROC curve 0.73 vs FRS = 0.53; PORT= 0.57, P=0.048) (Fig. 

2). Calibration by Hosmer-Lemeshow test was acceptable (χ2 11.34, P=0.12). The new score was internally 

validated by 10-fold cross-validation (mean AUC 0.70, 95% CI 0.60-0.77). 

For each point of the new score, the risk of the event increased by 40% (HR 1.40, CI 95% 1.26 – 1.55, 

P=0.0001) and a score higher than three was associated with a 4-fold increased risk of composite endpoint 



(HR 3.89, CI 95% 2.41-6.28, P=0.0001). The odds ratios for CV outcome onset per two points increase in 

prediction score are shown in Table 4.  

Discussion 

As demonstrated by several studies, FRS, which is the most widely used tool for estimating the 10-year risk 

of CV events, underestimates CV risk in KTRs (9-10). This calculator was developed and validated primarily 

in the general population and does not consider all the non-traditional CV risk factors peculiar to the KTR 

population. Although the PORT score (5)  is derived from a large cohort of transplant patients and considers 

variables closely related to transplantation (acute rejection, DGF), its use is not widespread due to the 

difficulty of application in clinical practice: it requires choosing among three scores based on transplant age 

and includes numerous variables. 

Furthermore, there is another CV risk score developed by Soveri in 2012 (2) and externally validated on the 

PORT cohort (12). This calculator does not include immunological variables and was derived from the 

Assessment of LEscol in Renal Transplantation (ALERT) study cohort (13), a multicentric trial, thus 

reflecting the inclusion and exclusion criteria of the study population. This score external validation on the 

PORT cohort showed good discriminatory ability but a lack of calibration (χ2 = 19.49, P = 0.01). 

Our study addressed a critical gap in cardiovascular risk assessment, highlighting the lack of an easily 

reproducible and reliable prediction tool in the KTR population that also considers the non-traditional risk 

factors typical of this population. Among these, CNI and steroid use could lead to long-term adverse effects 

such as hypertension, obesity, dyslipidemia, and glycometabolic alterations ranging from insulin resistance 

to post-transplant diabetes mellitus (PTDM) development (14). Recently, several studies have demonstrated 

that the immunological profile can influence CV morbidity and mortality; in Opelz's study (15), 

cardiovascular mortality correlated with the number of mismatches in a graded manner, and the author 

hypothesized that a high number of HLA mismatches may lead to an increase in immunosuppressive therapy 

burden, guiding to the aforementioned metabolic adverse effects. Additionally, Loupy et al. (16) 

demonstrated that the presence of circulating DSA is associated with severe graft atherosclerosis. The risk of 

cardiovascular events increases by 2.5 times in immunized patients, independently of traditional risk factors . 



However, in our analysis, adding data regarding DSA to both FRS and PORT did not significantly increase 

the predictive capacity of the score, may due to the sample size.   

The score we developed includes traditional risk factors such as age and hypertension, graft function-related 

factors such as eGFR and proteinuria, and dialysis vintage. Hypertension is a well-known CV risk factor in 

KTRs, and several studies have demonstrated its impact on both CV mortality (17) and graft function 

(14,18,19)). Renal function represents an additional factor predisposing to cardiovascular events. A post-hoc 

analysis from the Folic Acid for Vascular Outcome Reduction in Transplant (FAVORIT) trial demonstrated 

that eGFR lower than 45 ml/min/1.73 m2 is independently associated with CV outcomes, with a 69% 

increase in the composite outcome when eGFR is lower than 30 ml/min/1.73 m2 (20). Similarly, even 

moderate albuminuria at baseline (ACR > 30 mg/g) predicts CVD occurrence, regardless of renal function 

(21). 

Similarly, dialysis vintage and subsequent uremic milieu represent factors that accelerate the atherosclerotic 

process, and although the CV risk after transplantation decreases drastically compared to patients remaining 

on hemodialysis, the time spent on hemodialysis remains an important factor influencing graft and patient 

survival (22, 23). 

Our study has several limitations: its monocentric, observational, and retrospective nature makes it difficult 

to rule out the presence of confounding factors. Additionally, we recognize that the sample size and lack of 

external validation of the risk calculator may influence its clinical application. Moreover, PORT and FRS 

were derived to estimate the risk of CHD in the population under study, therefore, it is expected that their 

predictive power on MACE would be reduced. 

However, the score was derived in a real-life population with immunosuppressive therapy management that 

reflects current clinical practice, with a clear prevalence of tacrolimus use over cyclosporine, unlike in the 

ALERT and PORT cohorts. The CV risk categories are heterogeneous, unlike what happens in the ALERT 

cohort, which excludes patients at high CV risk. 

In conclusion, this study developed and internally validated a new cardiovascular risk calculator in kidney 

transplant patients. External validation of this calculator is necessary to expand the application of this score 

to everyday clinical practice. This tool is potentially easily usable and allows for effective stratification of 

CV event risk in KTRs and individualization of treatment. 
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TABLES 

Table 1. Baseline characteristic from study patients stratified by cardiovascular event occurrence.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IQR= interquantile range; DGF= delayed graft function; DSA= donor specific antibodies; PRA= panel 

reactive antibody; SBP= systolic blood pressure; DBP = diastolic blood pressure; eGFR= estimated 

glomerular filtration rate; HDL= high-density lipoprotein cholesterol; LDL= low-density lipoprotein 

cholesterol; CNI= calcineurin inhibitors; mTORi= mammalian target of rapamycin inhibitors; MMF= 

mycophenolate mofetil 

 

 

 

 

Variable  All No CV event CV event P 

N 371 300 71  

Age, years 60.6 ± 13.5 59.1 ± 13.6 66.7 ± 11.4 0.001 

Gender = female, n (%) 125 (34) 99 (33) 26 (36) 0.28 

Smoking, n (%)     

Dialysis vintage, months 

(IQR) 

36 (19-60) 36 (19 - 56) 38 (19 - 70) 0.42 

With hypertension,       n (%) 330 (89) 271 (90) 62 (87) 1.00 

With diabetes,      n (%) 53 (14) 38 (12) 15 (21) 0.09 

With previous 

cardiovascular disease, n 

(%) 

49 (13) 38 (12) 11 (15) 0.56 

Second kidney transplant,  n 

(%) 

37 (10) 29 (10) 8(11) 1.00 

Donor Age, years 51.1 ± 15.3 49.7 ± 15.6 56.6 ± 12.7 0.005 

Mismatches, n  3.2 ± 1.2 3.1±1.17 3.3±1.17 0.45 

DGF, n (%) 70 (19) 59 (20) 11 (15) 0.50 

With DSA, n (%) 13 (3.5) 13 (4) 0 (0) 0.14 

With PRA higher than 10% 

at tranplantation, n (%) 

30 (9) 25 (8) 5 (7) 1.00 

SBP, mmHg 132 ± 14 131± 14 136 ± 15 0.004 

DBP, mmHg 81 ± 4 79 ± 8 90 ± 6 0.05 

Creatinine (mg/dL) 1.5± 0.5 1.5 ± 0.5 1.6 ± 0.7 0.01 

eGFR, ml/min/1.73m2 (IQR) 51 ± 18 53 ± 18 45 ± 16 0.001 

Proteinuria (g/24h) 0.2 (0.1- 0.3) 0.2 (0.1 - 0.3) 0.3 (0.1 - 

0.6) 

0.02 

Glucose, mg/dL 103 ± 23 101 ± 20 110 ± 33 0.04 

Total cholesterol, mg/dL 191 ± 41 193 ± 42 182 ± 35 0.05 

HDL, mg/dL 54± 16 55 ± 17 53 ± 16 0.57 

Triglycerides, mg/dL (IQR) 122 (91-172) 122 (91 - 170) 116 (88 - 

180) 

0.81 

LDL, mg/dL (IQR) 96 (76 -115) 97 (78 - 117) 89 (72 - 

108) 

0.14 

On steroid, n (%) 348 (94) 282 (94) 66 (93) 1.00 

On CNI, n (%) 359 (97) 291 (97) 68 (98) 1.00 

On mTORi, n (%) 19 (5) 18 (6) 1 (1) 0.21 

On azatioprine, n (%) 7 (2) 6 (2) 1 (1) 1.00 

On MMF, n (%) 315 (85) 252 (84) 63 (88) 1.00 



 

 

Table 2. Univariate Cox regression analysis for the occurrence of fatal and non-fatal cardiovascular 

events 

Variable  All P 

Age, years 1.05 (1.03-1.07) 0.0001 

Gender = female, n (%) 1.09(0.67-1.77) 0.71 

Smoking, n (%) 1.7 (0.88-2.1) 0.72 

Dialysis vintage, months 

(IQR) 

1.01 (1.00-1.02) 0.03 

With hypertension,       n (%) 1.02 (0.31-3.29) 0.97 

With diabetes,      n (%) 1.49 (0.82-2.68) 0.19 

With previous 

cardiovascular disease, n 

(%) 

1.19 (0.62-2.27) 0.59 

Second kidney transplant,  n 

(%) 

0.99 (0.39-2.50) 0.99 

Donor Age, years 1.03 (1.01-1.06) 0.002 

Mismatches, n  1.15 (0.93-1.42) 0.19 

DGF, n (%) 0.68(0.35-1.32) 0.26 

With DSA, n (%) 1.62 (0.42-1.9) 0.60 

With PRA higher than 10% 

at tranplantation, n (%) 

1.0 (0.98-1.01) 0.70 

SBP, 10 mmHg 1.21 (1.04-1.41) 0.01 

DBP, 10 mmHg 1.01 (0.99-1.04) 0.19 

Creatinine (mg/dL) 1.61 (1.19-2.18) 0.002 

eGFR, ml/min/1.73m2 (IQR) 0.97 (0.95-0.98) 0.0001 

Proteinuria (g/24h) 1.68 (1.27-2.23) 0.0001 

Glucose, mg/dL 1.01 (0.98-1.01) 0.06 

Total cholesterol, mg/dL 0.99 (0.98-1.00) 0.08 

HDL, mg/dL 0.99 (0.97-1.01) 0.46 

Triglycerides, mg/dL (IQR) 1.00 (0.99-1.00) 0.32 

LDL, mg/dL (IQR) 0.99(0.98-1.00) 0.18 

On steroid, n (%) 0.88(0.31-2.44) 0.81 

On CNI, n (%) 1.16(0.16-8.40) 0.88 

On mTORi, n (%) 0.28 (0.03-2.04) 0.21 

On azatioprine, n (%) 0.93 (0.12-6.79) 0.95 

On MMF, n (%) 1.05 (0.95-2.04) 0.10 

 

IQR= interquantile range; DGF= delayed graft function; DSA= donor specific antibodies; PRA= panel 

reactive antibody; SBP= systolic blood pressure; DBP = diastolic blood pressure; eGFR= estimated 

glomerular filtration rate; HDL= high-density lipoprotein cholesterol; LDL= low-density lipoprotein 

cholesterol; CNI= calcineurin inhibitors; mTORi= mammalian target of rapamycin inhibitors; MMF= 

mycophenolate mofetil 

 

 

 



 

 

 

Table 3. Multivariate Cox regression analyses for the occurrence of fatal and non-fatal cardiovascular  

Variable  HR (CI 95%) P Points 

Age higher than 60 years 2.92 (1.65-5.16) 0.0001 3 

Proteinuria higher than 1 g/24 h 2.60 (1.12-5.13) 0.02 3 

eGFR, lower than 30 ml/min/1.73m2  2.13 (1.04-4.34) 0.04 2 

SBP higher than 140 mmHg 1.66 (1.04-1.88) 0.02 2 

Dialysis vintage higher than 5 y 1.53 (1.10-1.95) 0.01 2 

 

 

Table 4. Odds ratios per two-points increase in prediction score. 

Total risk score OR (CI 95%) 

0-1 Reference 

2-3 1.81 (0.82 - 3.98) 

4-5 4.19 (1.85 - 9.50) 

6-9 8.97 (3.5 - 22.88) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



FIGURE 

 

 

 

Figure 1. Study flow diagram  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 2.  Area under the curve for FRS, PORT and new score (P= 0.04) 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 3. Area under the curve for FRS , FRS and DSA, FRS and number of mismatches (MM), 

FRA, DSA and number of mismatches (MM) (P=0.94) 

 

 

 


