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Abstract

Background—Abnormal cardiac morphology is a risk factor for cardiovascular complications in 

kidney transplant patients. A supraphysiologic level of fibroblast growth factor 23 (FGF-23) has 

been associated with myocardial hypertrophy in this patient population. Our aim was to evaluate 

the change in cardiac morphology and function following kidney transplantation and to evaluate 

the association between the change in FGF-23 concentrations and cardiac morphology.
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Methods—We performed a longitudinal, prospective cohort study of 143 kidney transplant 

recipients (73% male, 75% white) measuring left ventricular (LV) mass index, left atrial (LA) 

volume index, and ejection fraction (EF) by echocardiography at months 1, 12, and 24 post-

transplant. FGF-23 levels were measured at months 1 and 24 post-transplant.

Results—Unadjusted and adjusted linear mixed effects models were used to examine changes in 

outcomes over time. In the adjusted model, LV mass index (P<0.001) and LA volume index 

(P<0.001) decreased and EF (P=0.009) increased significantly over time. There was a significant 

association between decreasing FGF-23 levels and improving LV mass index following transplant 

(P=0.036) in the unadjusted model; however, there was no significant relationship in the adjusted 

model (0.195).

Conclusion—Understanding the progression of unique cardiovascular risk factors associated 

with kidney transplantation may provide potential opportunities to improve survival.
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Introduction

Patients with end stage renal disease (ESRD) requiring maintenance hemodialysis have a 

high incidence and prevalence of cardiovascular disease, which is consequently a leading 

cause of mortality in this patient population (1). Successful kidney transplantation is 

associated with lower cardiovascular morbidity and mortality compared to patients who 

remain on the transplant waiting list (2–4). Despite improvements in certain traditional 

cardiovascular risk factors following kidney transplantation, the death rate from 

cardiovascular disease in patients with a functioning graft remains high compared to the 

general population (1).

Left ventricular (LV) hypertrophy is an independent risk factor for morbidity and mortality 

in both the general population and in patients with ESRD (5) and is present in 75% of 

patients with ESRD receiving maintenance hemodialysis (6). This high prevalence is 

multifactorial resulting from comorbid conditions, such as hypertension and diabetes, and 

the frequent hemodynamic changes experienced during maintenance hemodialysis (5). The 

increased LV mass in ESRD patients secondary to myocardial hypertrophy is a function of 

an enlargement of the LV end-diastolic diameter and increased LV wall thickness. While 

several reports indicate that LV mass improves following kidney transplant (7–13), this has 

not been universally observed in all kidney transplant patients (14–18).

Left ventricular mass has been shown to be directly correlated with Fibroblast Growth 

Factor (FGF-23) (19–23). An increased circulating level of FGF-23 is an independent risk 

factor for cardiovascular disease and mortality (24, 25) and a supraphysiologic level of 

FGF-23 has been observed to be independently associated with increased LV mass in 

patients with chronic kidney disease (19–23, 26). Following kidney transplantation, FGF-23 

levels decrease concurrently with improved kidney function. Persistently elevated levels of 

FGF-23 following transplant have been reported to be independently associated with all 
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cause mortality and allograft loss in kidney transplant patients (24). Limited data regarding 

the relationship between decreasing FGF-23 levels and changes in LV mass following 

kidney transplantation exist.

Our aim was to evaluate the longitudinal changes in cardiac morphology and function in a 

cohort of patients following kidney transplantation. In addition, we evaluated FGF-23 

concentration following transplant to investigate a potential association between FGF-23 

levels and the evolution of cardiac morphology and function. We hypothesized that cardiac 

morphology and function assessed by echocardiogram would improve following kidney 

transplantation in patients with functioning allografts, and longitudinal reduction in FGF-23 

levels would be associated with these improvements.

Methods

Study Design

We conducted a single-center, prospective cohort study. De novo kidney transplant recipients 

were recruited from the VUMC Renal Transplant Clinic from August 2009 through May 

2013. Inclusion criteria included patients aged ≥ 18 years who were undergoing or had 

recently undergone kidney transplantation. Exclusion criteria included patients with 

echocardiogram images that were inadequate to be used for interpretation. Patients in the 

cohort were followed up at one month following kidney transplantation, which served as the 

initial visit for documentation regarding demographic, medical and social history, laboratory 

values, and echocardiography evaluation for the longitudinal study. Follow up visits were 

performed at 12 and 24 months. All patients gave informed consent and the Vanderbilt 

University Medical Center (VUMC) Institutional Review Board approved the study 

protocol.

Echocardiography

A single, licensed sonographer blinded to clinical details obtained the ultrasound images. All 

echocardiograms were digitally acquired and archived for review. The initial evaluation was 

obtained at one month following transplant. Follow up examinations were performed at 12 

and 24 months.

Two-dimensional, transthoracic echocardiograms (high-resolution ultrasound S5-1 MHz 

Sector Array transducer, Philips iU 22, Andover, MA) were obtained using the standard 

American Society of Echocardiography (ASE) protocols (27). The following cardiac 

parameters were evaluated to describe cardiac morphology and function: (1) Left ventricular 

(LV) mass index and LV mass (2) Left atrial (LA) volume index (3) relative wall thickness 

(RWT) and (4) ejection fraction.

A cardiac anesthesiologist (AH), board-certified in quantitative echocardiography, reviewed 

the images for interpretation and quality control. This reviewer was blinded to the clinical 

data and prior echocardiograms for the study cohort.

Left Ventricular Mass and Left Ventricular Mass Index—Ventricular measurements 

were obtained in the parasternal, long axis view. Left ventricular measurements were 
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obtained at end-diastole (LV end diastolic dimension (LVEDD), posterior wall thickness 

(PWT), and interventricular septum thickness (IVS)) and end-systole (LV end systolic 

dimension (LVESD)). Left ventricular mass was calculated using the 2-dimensional (2D) 

linear formula recommended by the ASE as follows: LV mass = 0.8 × 1.04[(LVEDD+ PWT 

+ IVS)3 − (LVEDD) 3]+ 0.6 grams. The calculated LV mass was indexed by the body 

surface area to grams/meter2 (g/m2). LV hypertrophy was defined when LV mass index was 

>95 g/m2 in women and >115 g/m2 in men(27).

Left Atrial Volume Index—Left atrial volume was measured at the end of systole when 

the LA chamber is at its greatest dimension. Based on the ASE recommendation, evaluation 

of LA volume was determined by the biplane-area-length method. Orthogonal apical views, 

apical four and two-chamber views were obtained for determination of LA area and length. 

Left atrial volume was calculated on the basis of the algorithm: 0.85 × A1 × A2/L; where A1 

and A2 are the areas of the LA in four and two chamber views, respectively, and L is the 

shortest of the lengths obtained from the orthogonal views. The calculated LA volume was 

indexed by the body surface area to milliliters/meter2 (ml/m2). An abnormal LA volume 

index was defined as >29 ml/m2 (27).

Relative Wall Thickness (RWT)—Ventricular measurements of the left ventricular 

posterior wall diameter (LVPWD) and left were ventricular end diastolic (LVEDD) 

dimension were obtained in the parasternal, long axis view. Relative wall thickness was 

calculated using the following ratio: 2 × LVPWD/LVEDD. A value of 0.42 was defined as a 

cutoff limit to define concentric (RWT > 0.42) or eccentric (RWT ≤0.42) LV 

hypertrophy(27). Concentric hypertrophy was defined as both an elevated LV mass index 

and RWT. Concentric remodeling was defined as an elevated RWT and a normal LV mass 

index. Eccentric hypertrophy was defined as an elevated LV mass index and normal RWT 

while normal geometry was normal LV mass index and a normal RWT (27).

Ejection Fraction—The cardiac function was evaluated by the biplane method by 

measuring the end diastolic volume (EDV) and end systolic volume (ESV). Ejection fraction 

was calculated by the following formula: (EDV-ESV)/EDV. An abnormal ejection fraction 

was defined as <55%.

Fibroblast Growth Factor-23 Measurement

Serum concentrations of FGF-23 were measured in duplicate after a single thaw of stored 

blood specimens using an intact FGF-23 ELISA kit (Immutopics, San Clemente, CA). 

Measurements in blood samples obtained at one month following kidney transplant served 

as the baseline FGF-23 measurements. The longitudinal assessment of FGF-23 levels was 

performed on blood samples obtained at the 24-month follow-up. The coefficient of 

determination from the primary standard deviation curve for the FGF-23 measurements was 

0.9999, indicating high reproducibility.

Outcomes

The primary outcome was defined as the change in LV mass index from baseline (one month 

post-transplant) to the 12-month follow-up. Secondary outcomes included the change in LV 
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mass index from baseline to 24 months, the change in LV mass, LA volume index, RWT, 

and ejection fraction from baseline, 12 months and 24 months following kidney transplant, 

and the association of FGF-23 levels with changes in cardiac morphology (LV mass index, 

LV mass, and LA volume index) and function (ejection fraction) from baseline to 24 months 

post-renal transplant.

Statistical analysis

Descriptive statistics were presented as mean with standard deviation or as median with 

interquartile range (IQR) for continuous variables and as percentages for categorical 

variables. Based on baseline information at one month post-transplant, we compared the 

differences between patients who followed up at 12 months post transplant and those 

patients who did not return for evaluation using either Pearson’s chi-square test (for 

categorical variables) or Wilcoxon rank sum test (for continuous variables). Linear mixed 

effects models with random intercepts were used to assess changes in cardiac function and 

morphology over time without and with adjustment for clinical covariates selected a priori 

due to their possible influence on echocardiographic findings. Selected covariates included 

age, race, sex, body mass index (BMI, kg/m2), months on dialysis, cardiovascular disease, 

mean arterial pressure (MAP), diabetes, and estimated glomerular filtration rate (eGFR). 

Months on dialysis prior to transplant, eGFR, MAP, and age were included in the models as 

non-linear terms using restricted cubic splines. Cardiovascular disease was defined as a 

baseline history of coronary artery disease, myocardial infarction, reperfusion (coronary 

artery bypass or percutaneous stent), congestive heart failure, arrhythmia, stroke, or 

peripheral vascular disease.

A linear mixed effects model with random intercepts was also used to examine the change in 

FGF-23 concentrations over time with and without adjustment for age, race, sex, MAP, 

cardiovascular disease, and eGFR. In order to meet the normality assumptions of the 

residuals, FGF-23 concentrations were natural logarithmically transformed. All covariates 

for models were chosen a priori. Analyses were performed using R, version 3.1.2 (http://

www.r-project.org/). The 5% significance level (2 sided) was used.

Results

Patient Demographic and Other Characteristics

The study cohort included 143 patients who underwent one-month evaluation following 

kidney transplantation. Demographic and other patient characteristics are presented in Table 

1. The cohort (mean age 49±13 years) was 73% male and 75% white. One hundred thirty six 

patients (95%) reported to have hypertension, and 39% and 38% of the cohort had a history 

of cardiovascular disease and diabetes respectively. Three percent of the cohort was taking 

angiotensin converting enzyme inhibitors, 3% angiotensin receptor blockers, and 57% of 

beta blockers at the initial evaluation. At 12 months, 6% were taking angiotensin converting 

enzyme inhibitors, 11% angiotensin receptor blockers, and 46% beta-blockers. At 24 months 

5% were taking angiotensin converting enzyme inhibitors, 24% angiotensin receptor 

blockers, and 45% beta blockers. The median eGFR at one month, 12 month and 24 month 

follow up was 57 ml/min/m2, 59 ml/min/m2, and 57 ml/min/m2, respectively. The MAP was 
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96 mmHg at both the initial evaluation and 12 month evaluation, and was 98 mmHg at the 

24 month follow up.

The flow chart of the longitudinal follow up of the study cohort including the detailed 

reasons for study drop out is shown in Figure 1. An analysis (For details, see Table 1 of the 

Supplemental Appendix) comparing selected characteristics of the patients who returned for 

follow up and the 41% of patients who did not remain in the study through the 12-month 

evaluation showed no significant differences between the groups.

The induction and maintenance immunosuppression regimens were relatively standardized 

at VUMC with minimal immunosuppression changes during the study period. Ninety 

percent of the study cohort received alemtuzumab for induction. Tacrolimus and 

mycophenolate were used in 98% and 96% of the cohort, respectively. No patients in the 

study cohort were taking sirolimus at the one month follow up, however one patient was 

transitioned to sirolimus at the 12 month follow up and one patient was transitioned at the 24 

month follow up. Four patients (3%) took everolimus during the study and had no changes in 

their immunosuppression regimen during the follow up period. There were four patients that 

took cyclosporine at the one-month follow up. Three of those patients continued 

cyclosporine throughout their follow up, while one patient was transitioned to tacrolimus at 

the month 12 follow up. One patient transitioned from tacrolimus to cyclosporine at the 

month 24 follow up.

Minimal acute rejection was observed. Two biopsy confirmed acute rejection episodes 

occurred by the one-month follow up period. In addition, two other biopsies confirmed acute 

rejection episodes were treated between the month 1 and 12-month follow up, and one 

biopsy confirmed acute rejection episode treated between the 12 and 24-month follow up.

Throughout the two-year study period, there was one major cardiac event (myocardial 

infarction) that occurred between the 12 and 24-month follow up. There were a total of six 

reported events of angina during the data collection period. Three events occurred in the 

perioperative period prior to the 1 month evaluation, while two events occurred between the 

one month and 12 month follow up. There was one event reported between the 12 month and 

24 month follow up, and one dysrhythmic event which occurred between the one month and 

12 month follow up.

Primary Outcome

The median LV mass index at 1 month and 12 months (Table 2) for the cohort was 102 g/m2 

(IQR: 82,123) and 92 g/m2 (IQR: 76, 113), respectively (Figure 2). Thus, based on the prior 

definition, 38% of men (40/105) and 39% of women (15/38) had an elevated LV mass index 

at baseline. Seventeen percent (10/63) of men and 27% (6/22) of women had an elevated LV 

mass index at both 1 month and 12 months, while 21% (13/63) of men and 9% of women 

(2/22) had an elevated LV mass index at 1 month but a normal LV mass index at 12 months. 

Nine percent of both men (6/63) and women (2/22) had a normal LV mass index at baseline, 

but developed de novo LV hypertrophy at 12 months.
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The unadjusted and adjusted models examining the change in LV mass index over time are 

presented in Table 3. After adjusting for age, race, sex, months on dialysis, cardiovascular 

disease, MAP, diabetes, BMI, and eGFR, LV mass index changed significantly over time 

(P<0.001). Compared to month 1, LV mass index decreased by 10.82 g/m2 (95% CI: −16.28, 

−5.36, P<0.001) at month 12 (Table 3). The covariates that were significant in the adjusted 

model were months since transplant (ref: 1 month, effect from 1 month to 12 months: 

−10.84, 95% CI: −16.29, −5.38, P=<0.001), BMI (non-linear effect: −2.78, 95% CI: −9.26, 

3.67, P=0.043) and sex (ref: males, effect −14.150, 95% CI: −24.19, −4.11, P=0.006). Age 

(P=0.334), MAP (P=0.447), cardiovascular disease (P=0.566), diabetes (P=0.183), race 

(P=0.110), eGFR (P=0.288) and months on dialysis prior to transplant (P=0.072) did not 

significantly impact the change in LV mass index during the study period.

Secondary Outcomes

LV mass index at 24 months—The median LV mass index at 24 months for the cohort 

was 96 g/m2 (IQR: 73, 108) (Figure 2). After the adjustment for risk factors, LV mass index 

changed significantly over time with a decrease of 15.59 g/m2 (95% CI: −22.90, −8.27, 

P<0.001) from month 1 compared to month 24.

LV mass, Ejection fraction, and LA volume index—The median measurements for 

LV mass, ejection fraction, and LA volume index at baseline, 12 months and 24 months 

following kidney transplant are described in Table 2. The change in LV mass, ejection 

fraction, and LA volume index over time in unadjusted and adjusted models are shown in 

Table 3. In the adjusted model, LV mass changed significantly at both 12 months and 24 

months (both p values <0.05). Compared to baseline, LV mass decreased by 13.96 grams 

(95% CI: −24.48, −3.43, P=0.010) at 12 months and 21.47 grams (95% CI: −35.59, −7.35, 

P=0.003) at 24 months.

Based on our definition for elevated LA volume index (>29 ml/m2), 46% (60/131) of the 

population had an elevated LA volume index at baseline. In the adjusted model, LA volume 

index changed significantly at both 12 months and 24 months. Compared to baseline, LA 

volume index decreased by 3.31 ml/m2 (95% CI: −5.19, −1.44, P<0.001) at 12 months, and 

by 5.12 ml/m2 (95% CI: −7.60, −2.64, P<0.001) at 24 months.

Twenty-three percent (30/132) of the population had depressed cardiac function (ejection 

fraction <55%) at baseline. In the adjusted model, ejection fraction changed significantly at 

both 12 months and 24 months. Compared to baseline, ejection fraction improved by 1.54 

percent (95% CI: 0.09, 2.98, P=0.039) at 12 months and 2.62 percent (95% CI: 0.72, 4.52, 

P=0.008) at 24 months.

RWT and LV mass index—Based on our defined cutoff limit (RWT > 0.42), there was 

not a significant regression of concentric cardiac wall thickness over time (P=0.096). Based 

on our prior definitions, 36% of men (38/105, LV mass index>115 and RWT>0.42) and 37% 

of women (14/38, LV mass index>95 and RWT>0.42) had concentric hypertrophy at 

baseline, and 41% (43/105, LV mass index<115 and RWT>0.42) of men and 55% of women 

(31/38, LV mass index<95 and RWT>0.42) had concentric remodeling at baseline. At month 
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12, 25% (35/63) of men and 32% (7/22) of women had concentric hypertrophy, while 56% 

(35/63) of men and 68% (15/22) of women had concentric remodeling.

FGF-23 Levels—Forty-five patients were included in the analysis that measured FGF-23 

at 1 month and 24 months follow-up after kidney transplantation (Figure 3). FGF-23 

decreased significantly over time (P=0.024). In particular, compared to month 1, FGF-23 

decreased by 36% at month 24 (95% CI: 7%, 56%).

Cardiac morphology and FGF-23 level—The relationships between FGF-23 and 

cardiac morphology and function over time can be reviewed in Table 4. In the unadjusted 

model, there was a significant association between FGF-23 and LV mass index (Figure 4). 

With one IQR (~100 picograms per milliliters) decrease in FGF-23, LV mass index 

decreased by 8.83 g/m2 (95% CI: −17.10, −0.56, P= 0.036). However, adjusting for age, 

race, gender, MAP, cardiovascular disease, and eGFR, there was no statistically significant 

relationship between the decrease in FGF-23 and LV mass index over time from 1 month to 

24 months following kidney transplant (effect= −5.82, 95% CI: −14.62, −2.98, P=0.195). 

The covariates that were themselves significant in the model were race and time since 

transplant (Table 5).

Discussion

The aim of our study was to evaluate the longitudinal change in cardiac morphology and 

function following kidney transplantation along with FGF-23 levels to gain an improved 

understanding of the evolution of cardiovascular risk factors in patients with a functioning 

allograft. In our prospective cohort, our results show that there was a significant 

improvement in LV mass index, LA volume index and ejection fraction from baseline to 12 

and 24 months following transplantation. We also observed a significant decrease in FGF-23 

levels, but this was not associated with LV mass index in adjusted analyses.

In contrast to our primary finding, several prior studies have failed to show a significant 

improvement in LV mass following kidney transplant (14–18). For instance, Patel et al 

evaluated 25 patients who underwent kidney transplant and 25 patients who remained on the 

waiting list with cardiac magnetic resonance over a mean time period of 2.4 to 2.8 years and 

saw no significant difference in the change in LV mass index between groups. However, 

consistent with our findings, other studies support that LV mass decreases following kidney 

transplant (8, 10, 12, 29–31). Rigatto et al performed a prospective study evaluating LV mass 

index in 143 transplant recipients over a four-year period and observed that LV mass index 

decreased significantly over the first two years after transplant, but plateaued over the third 

and fourth year. Other reports that have described an improvement in LV mass following 

transplant have a limited cohort size (<45 patients) (8, 10, 30, 31) or are retrospective in 

study design (29). Given the long duration of follow up in our study evaluating a large 

prospective cohort, our findings strengthen the evidence describing an improvement in LV 

mass after kidney transplantation. In addition, the conversion from calcineurin inhibitors to 

sirolimus or everolimus has been shown to be associated with improved LV mass (32). This 

potential confounder was mitigated in our study by the minimal use of everolimus (4 

patients) and sirolimus (2 patients) in our study cohort.
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The majority of our cohort had either concentric hypertrophy (elevated LV mass index and 

elevated RWT) or concentric remodeling (normal LV mass index and elevated RWT) at 

baseline. However, 25% of males and 32% of females had concentric hypertrophy at month 

12, while 56% of males and 68% of females had concentric remodeling. The physiologic 

shift from LV hypertrophy to LV remodeling is supported by the significant improvement in 

LV mass index following transplant observed in our analysis. The study cohort also had a 

low percentage (9%) of patients who developed de novo LV hypertrophy during the follow 

up period. Overall, this suggests improvement in cardiac morphology post kidney transplant. 

The importance of these findings is highlighted by a recent prospective, cohort study that 

showed that the regression of left ventricular hypertrophy following transplant resulted in a 

lower incidence of mortality and cardiovascular events regardless of the therapeutic strategy 

used to control cardiovascular risk factors (28).

A unique aspect of our study is that we also evaluated the longitudinal change in the LA 

volume index in the cohort. Left atrial volume index is a reflection of long-standing 

hemodynamic conditions and diastolic function providing a good correlate to predict 

cardiovascular outcomes. An increased LA volume has been shown to be associated with an 

increased risk of stroke and death in both the general population, ESRD patients and kidney 

transplant recipients (34–37). Patel et al evaluated 119 kidney transplant recipients with 

cardiac magnetic resonance and reported that the presence of an elevated LA volume prior to 

transplant was an independent risk factor for reduced post-transplant survival (38). Our 

report is the first study describing the longitudinal change in LA volume index in kidney 

transplant receipts. The significant reduction in LA volume index over time following 

transplant could be a possible mechanism explaining the improved survival experienced by 

transplant recipients compared to patients who remain on the waiting list.

The specific factors related to chronic kidney disease that lead to a high prevalence of 

increased LV mass prior to transplant remain poorly defined. By evaluating the relationship 

of FGF-23 and cardiac morphology, we aimed to evaluate one potential mechanism leading 

to improved cardiovascular risk in the setting of a functioning allograft. Due to altered 

metabolism and clearance, FGF-23 levels in patients with chronic kidney disease are 

elevated and have been shown to be an independent risk factor for LV mass index, LV 

hypertrophy, cardiovascular events, and increased risk of death (20, 23, 25, 41, 42), though 

less is known for kidney transplant recipients. Data suggest that FGF-23 may directly 

inducing cardiac hypertrophy by FGF receptor dependent activation (26).

This is the first prospective report describing the relationship between FGF-23 and cardiac 

morphology and function following kidney transplant. We observed a significant association 

between LV mass index and FGF-23 over time following transplant, however the association 

became non-significant after adjustment for several risk factors. The lack of association 

observed may potentially be due to our cohort being underpowered; thus further 

investigation of a potential relationship between FGF-23 and the change in LV mass index 

following kidney transplant warrants additional larger studies. However, it could also 

suggest that other metabolic changes related to transplant potentially provides the survival 

advantage associated with improved LV mass seen in transplant patients compared to 

patients with end stage renal disease. We also observed that BMI at transplant and male sex 
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were predictive of decreased LV mass index. Given the stable eGFR and MAP throughout 

the study, these factors do not seem to be responsible for ongoing LV mass reduction after 

the initial effect of transplant.

A limitation of our study is the substantial percentage of patients who did not complete the 

follow up, although for approximately one-third of patients this was due to logistical or 

practical difficulties in scheduling an echocardiogram. A sensitivity analysis did not show 

any significant demographic or clinical differences between patients who did not return for 

the 12 month follow up compared to those who completed the study, suggesting that any 

bias is likely to be minimal. However, differences between these two groups in 

characteristics not examined cannot be ruled out. Furthermore, the echocardiography in the 

evaluation of LV mass in patients with ESRD can be inaccurate. Cardiac magnetic resonance 

imaging (cMRI) has been shown to be a superior imaging modality to evaluate cardiac 

morphology than echocardiograms (43)(44). The limitation for echocardiography compared 

to cMRI in assessing LV mass after transplant is that the observed reduction in LV mass seen 

with echocardiography may be an artifact related to improved intravascular volume (45). 

This limitation is minimized since our initial evaluation was performed at one month, at 

which time fluid status should be normalized with a functioning allograft. Furthermore, the 

reliability of the echocardiogram measurements could have been strengthened by taking the 

average of the measurements if two ultrasonographers performed the studies rather than one 

specialist.

In conclusion, our findings extend beyond what has previously been reported for 

echocardiogram measurements following transplant. In a prospective study of new kidney 

transplant recipients, we observed a significant improvement in LV mass index, and 

additionally show an improvement in LA volume index and ejection fraction following 

transplant. Our results add further data to support the observation that cardiac morphology 

improves following kidney transplant. The clinical relevance is related to prior observations 

that a regression in LV mass and LA volume has been shown to be associated with improved 

survival following renal transplant (28, 37). We were unable to show an association of LV 

mass and FGF-23 levels, though BMI and male sex may be important clinical factors. 

Additional prospective research regarding cardiac morphology and function following 

kidney transplant is needed to understand the possible mechanisms whereby transplantation 

impacts cardiovascular health.
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Abbreviations

2D 2-dimensional

ASE American Society of Echocardiography

BMI body mass index

eGFR estimated glomerular filtration rate

EDV end diastolic volume

ESRD end stage renal disease

ESV end systolic volume

FGF-23 Fibroblast Growth Factor

g/m2 grams/meter2

IVS interventricular septum thickness

IQR interquartile range

LA Left atrial

LV Left ventricular

LVEDD Left ventricular end diastolic dimension

LVPWD left ventricular posterior wall diameter

LVESD Left ventricular end systolic dimension

MAP mean arterial pressure

ml/m2 milliliters/meter2

ml/min/1.73 m2 milliliters/minute/meter2

PWT posterior wall thickness

RWT relative wall thickness

VUMC Vanderbilt University Medical Center
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Figure 1. 
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Figure 2. 
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Figure 3. 
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Figure 4. 
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TABLE 1

Baseline characteristics of the kidney transplant cohort at one-month post-transplantation

Characteristic N=143

Age at transplant (years) 49 (40, 58)

Race

 White 107 (75%)

 Black 33 (23%)

 Other 3 (2%)

Sex (male) 105 (73%)

BMI 27.1 (23.3, 30.5)

Tobacco use

 Never 75 (53%)

 Current 12 (8%)

 Former 56 (39%)

Pack Years 10 (3, 25)

Cardiovascular disease1 55 (39%)

Diabetes 54 (38%)

Hypertension 136 (95%)

Hyperlipidemia 81 (57%)

Months on Dialysis pre-transplant 26.4 (13.5, 51.3)

Primary cause of end-stage renal disease

 Diabetic nephropathy 42 (29%)

 Hypertensive nephropathy 32 (22%)

 Glomerular Disease 30 (21%)

 Tubulintersitial Disease 8 (6%)

 Cystic Disease 19 (13%)

 Structure Disease 1 (1%)

 Renal Neoplasia 1 (1%)

 Other 10 (7%)

Estimated Glomerular Filtration Rate (ml/min/m2) 57 (48, 69)

Mean Arterial Pressure (mm Hg)  95.6 (87.5, 103.8)

Induction Immunosuppression

 Alemtuzumab 129 (90%)

 Basiliximab 13 (9%)

 Anti-Thymocyte Globulin 1 (1%)
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Characteristic N=143

Maintenance Immunosuppression

 Tacrolimus 140 (98%)

 Everolimus 4 (3%)

 Sirolimus 0 (0%)

 Mycophenolate 137 (96%)

 Prednisone 80 (56%)

Anti-Hypertensive Medication

 ACE2 Inhibitors 4 (3%)

 Beta Blockers 82 (57%)

 Angiotensin Receptor Blocker 4 (3%)

Statin Therapy 27 (19%)

Slow Graft Function3 21 (15%)

Delayed Graft Function 9 (6%)

Values expressed as median (25th, 75th percentiles), number (percent), or mean (standard deviation).

1
Cardiovascular disease includes coronary artery disease, myocardial infarction, coronary artery bypass grafting, percutaneous coronary 

intervention, congestive heart failure, arrhythmia, stroke, and peripheral vascular disease.

2
Angiotensin Converting Enzyme

3
Slow graft function was defined as a less than a 50% drop in serum creatinine over 72 hours after transplant without the need for hemodialysis.
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TABLE 2

Changes in cardiac function, cardiac morphology and other clinical characteristics during the study period

Parameters Month 1 Month 12 Month 24

Left Ventricular Mass Index (grams/meter2) 102 (82, 123) 92 (76, 113) 96 (73, 108)

Left Ventricular Mass (grams) 200 (160, 251) 189 (151, 234) 198 (147, 238)

Ejection Fraction (percentage) 61 (56, 64) 63 (59, 66) 63 (59, 66)

Left Atrial Volume Index (milliliters/meters2) 27 (22, 37) 27 (21, 32) 25 (21, 30)

Estimated Glomerular Filtration Rate (ml/min/m2) 57 (48, 70) 58 (48, 71) 57 (44, 68)

Body Mass Index (kilograms/meter2) 27 (23, 30) 29 (25, 32) 29 (25, 33)

Mean Arterial Pressure (mm Hg) 96 (87, 104) 96 (91, 104) 99 (92, 105)

Values expressed as median (25th, 75th percentiles)
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Table 5

Multivariable linear regression model of the relationship between FGF-23 and LV mass index in kidney 

transplant recipients.

Covariate Effect S.E. 95% CI1 P

Predictors of LV mass index

Age at transplant −8.59 7.58 −23.45, 6.27 0.507

Race (reference: white) 34.84 11.41 12.48, 57.21 0.009

Sex (reference: males) −12.15 10.91 −33.53, 9.22 0.265

Cardiovascular Disease2 −12.76 8.83 −30.07, 4.55 0.149

Glomerular filtration rate −1.59 4.53 −10.47, 7.30 0.446

Mean arterial pressure −0.93 4.37 −9.50, 7.64 0.924

Change over time −11.42 5.29 −21.79, −1.04 0.031

1
95% Confidence Interval: Lower bound, Upper bound

2
Cardiovascular disease includes coronary artery disease, myocardial infarction, coronary artery bypass grafting, percutaneous coronary 

intervention, congestive heart failure, arrhythmia, stroke, and peripheral vascular disease.
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