
Early Renal Insufficiency and Hospitalized Heart Disease after

Renal Transplantation in the Era of Modern

Immunosuppression

KEVIN C. ABBOTT,* CHRISTINA M. YUAN,* ALLEN J. TAYLOR,†

DAVID F. CRUESS,‡ and LAWRENCE Y. C. AGODOA§

*Nephrology Service, Walter Reed Army Medical Center, Washington, DC, and Uniformed Services University

of the Health Sciences, Bethesda, Maryland; †Cardiology Service, Walter Reed Army Medical Center,

Washington, DC; ‡Department of Preventive Medicine and Biometrics, Uniformed Services University of the

Health Sciences, Bethesda, Maryland; and §National Institute of Diabetes and Digestive and Kidney Diseases,

National Institutes of Health, Bethesda, Maryland.

Abstract. Renal insufficiency has been identified as a risk

factor for graft loss and death after renal transplantation but has

not been consistently linked to early, nonfatal, hospitalized

heart disease (HHD). With the United States Renal Data Sys-

tem database, 29,597 patients who received a kidney transplant

between January 1, 1996, and July 31, 2000, with Medicare as

the primary payer, and were monitored until December 31,

2000, were studied. Cox proportional-hazards regression mod-

els were used to calculate the association of recipient estimated

GFR (eGFR) at 1 yr after renal transplantation, as determined

with the Modification of Diet in Renal Disease formula, with

hospitalization for treatment of acute coronary syndromes

(ACS) (International Classification of Diseases, version 9,

code 410.x or 411.x) or congestive heart failure (CHF) (code

428.x) 1 to 3 yr after renal transplantation. Rates of ACS and

CHF were 2.2 and 4.9%, respectively, for patients with eGFR

of �44.8 ml/min per 1.73 m2, compared with 1.2 and 1.4% for

patients with eGFR of �69.7 ml/min per 1.73 m2. Reduced

eGFR (�44.8 ml/min per 1.73 m2, compared with �69.7

ml/min per 1.73 m2) at the end of the first 1 yr after transplan-

tation was independently associated with increased risks of

both ACS (adjusted hazard ratio, 2.16; 95% confidence inter-

val, 1.39 to 3.35) and CHF (adjusted hazard ratio, 2.95; 95%

confidence interval, 2.24 to 3.90). It was concluded that early

renal insufficiency (approximately stage 3 chronic kidney dis-

ease) was associated with higher rates of HHD 1 to 3 yr after

kidney transplantation. Preservation of renal function after

renal transplantation may reduce the rates of HHD, and renal

transplant recipients with reduced eGFR should be considered

at high risk of developing cardiovascular disease.

The renal transplant community has traditionally focused on

renal insufficiency occurring early after renal transplantation as

a risk factor for graft loss (1). It has been assumed that the

effects of renal insufficiency on cardiovascular disease occur-

ring after renal transplantation, if any, develop during a long

period. Published screening guidelines for ischemic heart dis-

ease after renal transplantation do not address posttransplanta-

tion renal allograft insufficiency as a potential cardiac risk

factor (2). However, evidence from the general population

indicates that renal insufficiency is a risk factor (either inde-

pendently or because of its association with other risk factors)

for all-cause death and particularly cardiovascular disease-

related death (3,4). Patients who receive renal transplants may

have a lower risk of ischemic heart disease, compared with

comparable dialysis patients on the renal transplant waiting list

(5) or patients who later experience renal allograft failure (6).

However, studies have yielded conflicting results on whether

posttransplantation renal insufficiency, which has been as-

sessed by using different methodologies (7,8), is associated

with an increased risk of nonfatal cardiovascular disease

among renal transplant recipients.

Certain immunosuppressive medications used for renal

transplantation have a stronger association with nephrotoxicity

than do others (9–11). Maintenance immunosuppressive

agents have differing effects on BP, lipid levels, and the risk of

posttransplantation diabetes mellitus (12–15). Diabetes melli-

tus seems to make a greater contribution to ischemic heart

disease after renal transplantation than would be predicted by

the Framingham model (16); therefore, surrogate outcomes

based on the unadjusted Framingham model should be consid-

ered with caution, if at all, for assessment of cardiovascular

disease after renal transplantation (17).

Because any single-center clinical study might not have a

sample size able to account or match for substantial confound-

ing variables, we conducted an historical cohort study of the

United States renal transplant population from January 1, 1996,

to July 31, 2000. The objectives were to determine the asso-
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ciation of early (by the end of the first 1 yr after renal trans-

plantation) renal insufficiency with hospitalized heart disease

(HHD) and to assess whether this risk is affected by differences

in baseline factors, especially differences in baseline mainte-

nance immunosuppression. The null hypothesis was that the

estimated GFR (eGFR) by the end of the first 1 yr after renal

transplantation had no significant association with HHD, after

adjustment for potentially confounding variables.

Materials and Methods
Patients

Details of the files used for data abstraction for this study and the

limitations of hospitalization data have been described previously and

differ according to the year of selection and the limitations of key

variables, notably the use of Centers for Medicare/Medicaid Studies

(CMS) medical evidence form 2728 (6,18). Files used and merged in

analyses were SAF.TXUNOS for the basic transplant information,

SAF.TXFUUNOS for follow-up information, SAF.TXIUNOS for

medication information, SAF.PATIENTS for dates and causes of

death, SAF.RXHIST60 for follow-up dates and information on dial-

ysis modalities before the transplant date, SAF.MEDEVID for infor-

mation on comorbid conditions and laboratory results at the time of

first treatment for ESRD, and SAF.HOSP for hospitalization infor-

mation. Files were merged by using unique identifiers. The most

recent files released by the United States Renal Data System

(USRDS) include follow-up data (including dates of death) until

October 31, 2001. However, the most recent date for available data on

hospitalization is December 31, 2000. This study limited analysis to

kidney transplants (including repeat transplants or multiple-organ

transplants) performed for individual recipients (one transplant as-

sessed per recipient) between January 1, 1996, and July 31, 2000, with

documentation of Medicare as the primary payer. Hospitalization and

comorbidity data (from CMS form 2728) were merged with transplant

files by using unique patient identifiers.

Outcomes
Our primary outcome was HHD after renal transplantation. Spe-

cific causes of HHD were chosen because of their known differences

in risk factors and prognoses, as well as their independent contribu-

tions to morbidity and quality of life. Hospitalizations selected were

for treatment of acute coronary syndromes (ACS) (International Clas-

sification of Diseases, version 9, primary discharge diagnosis code

410.x or 411.x) or congestive heart failure (CHF) (International Clas-

sification of Diseases, version 9, primary discharge diagnosis code

428.x).

Survival Times
The time to HHD was primarily calculated as the time from the

transplant date to the date of the first hospitalization for treatment of

heart disease during the study period, with recipients being censored

at the time of death, the time of loss to follow-up monitoring, or the

end of the study period (December 31, 2000, the most recent date for

available hospitalization data). Such calculations required survival for

hospitalization and thus could not assess patients who died as a result

of sudden cardiac death (a significant ACS factor).

Independent Variables
Renal function after transplantation was assessed by using the

Modification of Diet in Renal Disease eGFR formula (19). The serum

creatinine level used was the most recent serum creatinine level

measurement available before the end of the first 1 yr after renal

transplantation. Patient characteristics and treatment factors used were

those at the time of transplantation. BP data and blood lipid levels

were not available, whereas cigarette smoking status was available for

a fraction of the patients, from CMS form 2728 (see below). The

USRDS information on maintenance immunosuppressive medications

did not include total doses and, because almost all recipients were

receiving corticosteroid therapy (20), corticosteroid use was not in-

cluded in this analysis. The duration of dialysis before transplantation

was defined as the time from the first recorded dialysis treatment to

the transplant date. The variables assessed included donor and recip-

ient ages, race, gender, weight, body mass index (calculated from

height and weight), induction and maintenance immunosuppressive

medications, graft loss, previous transplants, delayed graft function,

network, state of transplantation, duration of dialysis before transplan-

tation, and allograft rejection, in accordance with previous studies

(16). The specific cause of ESRD assessed was diabetes mellitus

(other causes were not excluded but were not specifically identified).

Treatment with peritoneal dialysis for any 60-d period before trans-

plantation was determined from patient treatment files. Data from

CMS form 2728 were available for more than one-half of the cohort

(Table 1), whose first date of ESRD was on or after April 1, 1995;

because of the time elapsed from presentation of ESRD to renal

transplantation, this disproportionately included recipients of living-

donor kidneys. The form included information on pertinent laboratory

values and baseline comorbidities.

Statistical Analyses
All analyses were performed with SPSS 9.0 (SPSS, Inc., Chicago,

IL). Files were merged and converted to SPSS files by using DBMS/

Copy (Conceptual Software, Houston, TX). Univariate analyses of

factors associated with primary hospitalizations for treatment of ACS

were performed with chi-squared tests for categorical variables (Fish-

er’s exact test was used for violations of Cochran’s assumptions) and

t tests for continuous variables (the Mann-Whitney test was used for

non-normally distributed variables). Statistical significance for uni-

variate comparisons was defined as P � 0.05. Variables with P �

0.10 in univariate analyses testing for a relationship with a first ACS

hospitalization were entered into multivariate analyses as covariates,

because of the possibility of negative confounding. Variables consid-

ered to have a known clinical reason for association with ACS were

introduced into multivariate models even if univariate P values were

�0.10, in accordance with established epidemiologic principles (21).

Continuous variables were explored, and values thought to be incon-

sistent with clinical experience were excluded.

The independent associations between patient factors and HHD

were examined in multivariate analyses with stepwise Cox regression

(likelihood ratio method) (22,23) for time until the first ACS hospi-

talization during the study period, controlling for variables entered

into the model as described above. Log[�log(survival time)] versus

log(survival time) plots were inspected and were parallel for all

covariates in the final models, confirming the existence of propor-

tional hazards. Multivariate analyses excluded all patients with miss-

ing values, which resulted in models substantially smaller than the

entire study population. Continuous variables that were non-normally

distributed were also assessed according to quartiles. Hierarchically

well formed models were used for assessments of interaction terms.

Because the Food and Drug Administration approved sirolimus for

use in kidney transplantation on September 15, 1999, analysis limited

to patients who received transplants on or after that date was also

performed. To account for the possibility of miscoding of antirejection
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Table 1. Factors associated with HHD after renal transplantation for renal transplant recipients treated January 1, 1996, to

July 31, 2000, with Medicare as primary payera

No. or Mean � SD No. Missing
No. of or Mean for Patients with Factor With

ACS CHF

Follow-up time (yr) 2.11 � 0.95 (0.1 to 3.00)

Total no. 29,597 553 (1.9%) 889 (3.0%)

Demographic factors

Male recipient (versus female) 17,739 (59.9%) 0 368 (2.1%)b 527 (3.0%)

African-American recipient (versus all other races) 8031 (27.1%) 0 127 (1.6%)b 342 (4.3%)b

Mean age (yr) (risk per older year) 45.4 � 14.6 0 52.4 � 11.5c 52.3 � 12.9c

Quartiles of age (versus � 33 yr)

�56.8 yr 206 (2.8%)b 428 (5.1%)b

45.2 to 56.8 yr 195 (2.6%)b 228 (3.3%)b

33.7 to 45.2 yr 120 (1.6%)b 129 (1.8%)b

�33.7 yr 32 (0.4%) 104 (1.5%)

Mean serum creatinine level at 1 yr after transplantation (mg/dl)d 1.60 � 1.05 6096 (20.6%) 1.70 � 0.8c 1.98 � 1.04c

Median serum creatinine level at 1 yr after transplantation (mg/dl)d 1.4

Quartiles of serum creatinine levels at 1 yr after transplantation

�1.1 mg/dl 83 (1.5%) 106 (1.9%)

1.1 to �1.4 mg/dl 94 (1.7%) 90 (1.6%)

1.4 to 1.8 mg/dl 104 (1.9%) 141 (2.5%)

�1.8 mg/dl 117 (2.2)b 274 (5.0%)b

MDRD GFR at 1 yr after transplantationd 58.7 � 24.8 7422 (25%) 53.3 � 19.2c 47.9 � 19.5c

Median (ml/min per 1.73 m2) 56.6

Quartiles

�69.4 (ml/min per 1.73 m2) 72 (1.2%) 81 (1.4%)

�56.6 to 69.4 (ml/min per 1.73 m2) 92 (1.6%) 110 (1.9%)

44.9 to 56.7 (ml/min per 1.73 m2) 119 (2.0%) 118 (2.0%)

�44.9 (ml/min per 1.73 m2) 128 (2.2)b 285 (4.9%)b

Duration of dialysis before transplantation

Mean (yr) 4.09 � 3.97 1074 (3.6%) 3.7 � 3.5 4.1 � 3.5

Median (yr) 2.9

Quartiles

�2.98 yr 108 (1.5%) 211 (3.0%)

�1.79 to 2.98 yr 143 (2.0%) 268 (3.8%)

1.00 to 1.79 yr 167 (2.3%)b 243 (3.4%)

�1.00 yr 123 (1.7%) 158 (2.2%)b

Maintenance immunosuppression (versus other medications)

Cyclosporine 19,936 (71.7%) 399 (2.0%)b 593 (3.0%)

Tacrolimus 11,252 (40.5%) 184 (1.6%)b 316 (2.8%)

Mycophenolate 21,964 (79%) 390 (1.8%)b 606 (2.8%)b

Azathioprine 7224 (26.0%) 158 (2.2%)b 209 (2.9%)

Sirolimus 1629 (5.9%) 33 (2.0%) 54 (3.3%)

BMI (kg/m2) 25.9 � 24.8 4906 (16.6%) 26.5 � 5.4c 27.1 � 16.1c

BMI of �30 kg/m2 (versus lower) 4737 (19.2%) 98 (2.1%) 209 (4.4%)b

PD (versus HD) 9942 (33.6%) 187 (1.9%) 260 (2.6%)b

Cause of ESRD

Diabetes mellitus 7145 (28.2%) 4220 (14.3%) 215 (3.0%)b 294 (4.1%)b

Transplant-related factors

Donor age (yr) 36.4 � 16.1 2616 (8.8%) 39.1 � 16.1c 40.8 � 17.5c

Quartiles of donor age

�47.7 yr 170 (2.5%)b 300 (4.4%)b

�36.7 to 47.7 yr 119 (1.8%) 208 (3.1%)

22.8 to 36.7 yr 125 (1.9%) 169 (2.5%)

�23.8 yr 109 (1.6%) 158 (2.3%)

African-American donor (versus donors of all other races) 3668 (12.4%) 0 53 (1.4%)b 141 (3.8%)b

Graft loss (versus continued graft function) 2025 (6.8%) Presumed 0 60 (3.0%)b 162 (8.0%)b

Cadaveric donor (versus living donor) 22,896 (77.4%) 0 453 (2.0%)b 835 (2.6%)b

Kidney-pancreas transplant (versus all other transplant types) 1040 (3.5%) 0 31 (3.0%)b 16 (1.5%)b

Dialysis in the first 1 wk after transplantation (delayed graft function, versus absence of delayed graft function) 6494 (22.1%) 198 (0.7%) 156 (2.4%) 318 (4.9%)b

Episodes of rejection in the first 1 yr after transplantation (versus lack of rejection) 5993 (20.2%) Presumed 0 125 (2.1%)b 251 (4.2%)b

Previous transplant (versus primary transplant) 3857 (13.2%) 293 (1.0%) 61 (1.6%) 105 (2.7%)b

Donor CMV-positive (versus donor CMV-negative) 15,987 (60.8%) 3309 (11.2%) 324 (2.0%) 547 (3.4%)b

Recipient CMV-positive (versus recipient CMV-negative) 13,095 (65.3%) 9553 (32.3%) 294 (2.2%) 496 (3.8%)b

Recipient HCV-positive (versus recipient HCV-negative) 1882 (7.0%) 2778 (9.4%) 27 (1.4%) 79 (4.2%)b

Donor HCV-positive (versus donor HCV-negative) 630 (2.1%) 0 12 (1.9%) 34 (5.4%)b

Information from medical evidence form 2728, baseline laboratory value, or history of condition in prior 10 yre

Ischemic heart disease (versus absence) 1280 (7.5%) 12,622 (42.6%) 55 (4.3%)b 79 (6.2%)

Myocardial infarction (versus absence) 450 (2.7%) 12,622 (42.6%) 20 (4.4%)b 23 (5.1%)

Congestive heart failure (versus absence) 1898 (11.2%) 12,622 (42.6%) 56 (3.0%)b 116 (6.1%)

Hypertension (versus absence) 12,042 (70.9%) 12,622 (42.6%) 213 (1.8%)b 321 (2.7%)

Stroke (versus absence) 449 (2.6%) 12,622 (42.6%) 15 (3.3%)b 22 (4.9%)b

Smoking (versus nonsmoking) 892 (5.8%) 12,622 (42.6%) 24 (2.1%) 37 (3.8)b

Hematocrit (%) 28.1 � 5.8 13,757 (46.5%) 28.9 � 5.6c 28.8 � 5.8c

Serum albumin level (g/dl) 3.4 � 0.7 15,919 (53.8%) NS NS

a Data are given as number and percentage of total or mean � 1 SD. Dates for renal transplants were January 1, 1996, to March 3,
1999, with truncation at 3 yrs of follow-up monitoring. ACS, hospitalizations for treatment of acute coronary syndromes, International
Classification of Diseases primary discharge code of 410.� (acute myocardial infarction) or 411.� (unstable coronary syndromes); CHF,
hospitalizations for treatment of congestive heart failure, International Classification of Diseases primary discharge code of 428.�; PD,
history of peritoneal dialysis for any 60-d period before transplantation (versus no history of peritoneal dialysis); HHD, hospitalized heart
disease; BMI, body mass index; HD, hemodialysis; NA, variable was calculated from multiple other variables, and the number of missing
values could not be given accurately; MDRD, Modification of Diet in Renal Disease; HCV, hepatitis C virus; CMV, cytomegalovirus.

b P � 0.05, by chi-squared test versus patients without factor (for example, for male patients, risk is for ACS or CHF versus patients).
c P � 0.05, by t test versus patients without ACS or CHF.
d Obtained from the most recent serum creatinine level before the end of the first 1 yr after renal transplantation.
e Limited to patients who developed ESRD on or after April 1, 1995.
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drugs as maintenance drugs, we also performed analyses excluding

patients who experienced allograft rejection in the first 1 yr after

transplantation and using allograft rejection as an interaction term

with all medications in the model. Analyses limited to patients who

were receiving calcineurin inhibitors (either cyclosporine or tacroli-

mus) and excluding patients who were noted as receiving both cyclo-

sporine and tacrolimus (possible crossovers, because the database

could not reliably indicate the sequence of medication use) were also

performed. Analyses substituting the mean values for missing values

for continuous variables in multivariate analyses were performed for

validation purposes.

Results
The incidence of CHF was 14.2 cases/1000 person-yr, and

the incidence of ACS was 8.9 cases/1000 person-yr. Charac-

teristics of the study population are presented in Table 1 and

are consistent with current USRDS/United Network for Organ

Sharing (UNOS) reports (24). The duration of dialysis before

transplantation and serum creatinine levels at the end of the

first 1 yr after transplantation were not normally distributed.

Immunosuppressive medications were introduced into clinical

practice at different times during the 1990s. The rates of ACS

and CHF did not change significantly with time during the

study period.

In unadjusted analyses (Table 1), factors associated with

ACS included male gender, reduced eGFR at 1 yr, older age,

longer duration of dialysis before transplantation, cyclosporine

and azathioprine use, ESRD attributable to diabetes mellitus,

older donor age, cadaveric kidney transplantation, kidney-

pancreas transplantation, delayed graft function, graft loss,

allograft rejection in the first 1 yr after transplantation, and

cytomegalovirus-positive recipient. Among comorbid condi-

tions noted in form 2728, cardiovascular comorbid conditions

were generally associated with ACS and higher hematocrit

levels but not low serum albumin levels.

In unadjusted analyses, factors associated with CHF in-

cluded recipient African-American race, older recipient age,

reduced eGFR at 1 yr, longer duration of dialysis before

transplantation, nonuse of calcineurin inhibitors, use of siroli-

mus with cyclosporine, use of OKT3, elevated body mass

index, older donor age, donor African-American race, delayed

graft function, graft loss, rejection, cytomegalovirus-positive

donor or recipient, and hepatitis C virus-positive donor or

recipient. Cardiovascular comorbid conditions were generally

associated with CHF, including higher hematocrit levels.

Table 2 presents the results of adjusted analyses of factors

associated with ACS. Inspection of log[�log(survival

time)] versus log(survival time) plots demonstrated a devi-

ation from the proportional-hazards assumption at 1.5 yr

after transplantation. Therefore, multivariate models as-

sessed factors associated with ACS occurring �1.5 yr after

transplantation. In the model that did not include comorbid

conditions from CMS form 2728, the patients with eGFR in

quartiles 1 to 3 at 1 yr after transplantation were all at

significantly increased risk of ACS, compared with patients

with eGFR in the highest quartile (Figure 1). However, in

the model accounting for comorbid conditions (which also

contained fewer patients), only patients with eGFR in the

lowest quartile (�44.8 ml/min per 1.73 m2) were indepen-

dently at increased risk of ACS. Other factors that were

significant in the analyses included older age, a history of

peritoneal dialysis treatment, and diabetes mellitus. Rejec-

tion occurring in the first 1 yr after transplantation was

significant only as an interaction term with cyclosporine use

in the larger model but was significant with adjustment for

Table 2. Cox regression analysis of factors independently associated with ACS occurring 1.5 to 3 yr after

renal transplantationa

Model without CMS Form 2728 Model with CMS Form 2728

P Value
Adjusted Rate Ratio for ACS in

Cox Regression
P Value

Adjusted Rate Ratio for ACS in
Cox Regression

Quartiles of MDRD GFR at 1 yr after

transplantation

�69.4 ml/min per 1.73 m2 Reference Reference

�56.6 to 69.4 ml/min per 1.73 m2 0.023 1.70 (1.08 to 2.69) 0.089 1.79 (0.93 to 3.46)

44.9 to 56.7 ml/min per 1.73 m2 0.002 2.05 (1.31 to 3.19) 0.086 1.78 (0.92 to 3.46)

�44.9 ml/min per 1.73 m2 0.001 2.16 (1.39 to 3.35) 0.005 2.44 (1.30 to 4.58)

Quartiles of age (versus �33 yr)

�57 yr �0.001 6.62 (3.32 to 13.20) �0.001 8.15 (2.90 to 22.90)

45 to 57 yr �0.001 6.47 (3.23 to 12.97) �0.001 7.75 (2.73 to 21.95)

35 to 45 yr �0.001 4.31 (2.26 to 8.21) 0.003 5.09 (1.76 to 14.68)

Diabetes mellitus �0.001 2.23 (1.71 to 2.91) 0.002 1.84 (1.26 to 2.69)

Comorbid conditions from CMS form 2728

Prior ischemic heart disease NA �0.001 2.47 (1.56 to 3.93)

Smoking history NA 0.032 1.94 (1.06 to 3.56)

No. in final model 17,576 10,214

a NA, not included in model; MDRD, Modification of Diet in Renal Disease; CMS, Centers for Medicare/Medicaid Studies.
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comorbid conditions. Notably, the duration of dialysis be-

fore transplantation had no independent relationship with

ACS in either model.

In adjusted analyses of CHF (Table 3), eGFR did not seem

to have as consistent a relationship with CHF, although pa-

tients with eGFR in the lowest quartile had a significantly

higher risk of CHF, compared with those with higher eGFR

(Figure 2), regardless of whether comorbid conditions were

included in the model. In contrast to ACS, the duration of

dialysis before transplantation had a significant stepwise rela-

tionship with CHF, regardless of whether comorbid conditions

were included. Other significant factors included older age,

diabetes mellitus, and delayed graft function.

The results of the analyses were not substantially different in

models limited to patients who received transplants on or after

September 15, 1999 (the date of Food and Drug Administration

approval of sirolimus for use in kidney transplantation), limited

to patients receiving calcineurin inhibitors, or excluding pa-

tients who were noted as receiving both cyclosporine and

tacrolimus. Results were also not substantially different in

models using quartiles of serum creatinine levels (instead of

eGFR) or using interpolation of mean values for missing values

for continuous variables.

Figure 1. Kaplan-Meier plot of time to hospitalized acute coronary

syndromes (ACS) (International Classification of Diseases, version 9,

primary discharge diagnosis code 410.x or 411.x), according to quartiles

of Modification of Diet in Renal Disease estimated GFR (eGFR), as

indicated by the most recent available serum creatinine level measured

�1 yr after renal transplantation. There was no distinct difference in the

risk of ACS according to GFR until approximately 2 yr after renal

transplantation, when the lowest GFR quartile (�44.8 ml/min per 1.73

m2) was significantly different from the highest GFR quartile (�69.7

ml/min per 1.73 m2) (P � 0.01, log rank test). This difference remained

significant in an adjusted Cox regression analysis (Table 2).

Table 3. Cox regression analysis of factors independently associated with CHF occurring 1 to 3 yr after

renal transplantationa

Model without CMS Form 2728 Model with CMS Form 2728

P Value
Adjusted Rate Ratio for CHF

in Cox Regression
P Value

Adjusted Rate Ratio for CHF
in Cox Regression

African-American recipient �0.001 1.61 (1.33 to 1.95) 0.015 1.42 (1.07 to 1.89)

Quartiles of MDRD GFR at 1 yr after

transplantation

�69.4 ml/min per 1.73 m2 Reference Reference

�56.6 to 69.4 ml/min per 1.73 m2 0.12 1.26 (0.91 to 1.74) 0.18 1.40 (0.86 to 2.28)

44.9 to 56.7 ml/min per 1.73 m2 0.25 1.21 (0.88 to 1.66) 0.33 1.28 (0.78 to 2.11)

�44.9 ml/min per 1.73 m2
�0.001 2.95 (2.24 to 3.90) �0.001 3.37 (2.16 to 5.27)

Duration of dialysis before transplantation

(versus �1.0 yr)

�2.98 yr �0.001 2.61 (1.74 to 3.93) �0.001 2.95 (2.06 to 7.07)

�1.79 to 2.98 yr �0.001 2.55 (1.72 to 3.78) �0.001 2.88 (2.39 to 6.67)

1.00 to 1.79 yr �0.001 2.32 (1.55 to 3.48) �0.001 2.34 (1.80 to 4.67)

�1.00 yr Reference Reference

Quartiles of age, (versus (�33 yr)

�57 yr �0.001 3.70 (2.68 to 5.11) �0.001 2.95 (1.89 to 4.60)

45 to 57 yr �0.001 2.37 (1.69 to 3.32) NS

33 to 44 yr 0.79 1.02 (0.63 to 1.65) NS

Diabetes mellitus �0.001 1.93 (1.60 to 2.32) 0.027 1.36 (1.04 to 1.79)

BMI of �30 kg/m2 0.001 1.62 (1.21 to 2.16) 0.013 1.59 (1.10 to 2.30)

Comorbid conditions from CMS form

2728

Prior congestive heart failure NA �0.001 3.56 (2.48 to 5.09)

No. in final model 15,687 8724

a NA, not included in model; BMI, body mass index; MDRD, Modification of Diet in Renal Disease; CMS, Centers for Medicare/
Medicaid Studies.
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Discussion
Decreased eGFR at the end of the first 1 yr after transplan-

tation was independently associated with HHD 1 to 3 yr after

renal transplantation. The threshold eGFR of 44.8 ml/min per

1.73 m2 corresponded to a serum creatinine level of 1.8 mg/dl

for most patients and is in the middle range of stage 3 chronic

kidney disease, as defined by Kidney Disease Outcomes Qual-

ity Initiative guidelines (25). This finding is remarkably similar

to the association of reduced GFR with death among patients in

the general population with known CHF; a “eGFR” of �44

ml/min (calculated with the Cockroft-Gault method and thus

representing a creatinine clearance) was associated with a

threefold increased risk of death (26). This relationship mani-

fested 1 to 2 yr after transplantation for ACS and immediately

after the first posttransplantation year for CHF. Because we did

not have access to BP and lipid levels, we could not determine

whether the risk of HHD associated with decreased eGFR was

independent of those factors. However, even large cohort stud-

ies of the general population have been unable to determine

whether renal insufficiency is truly an independent risk factor

for cardiovascular disease. Although both conditions were con-

sidered HHD, the risk factors for ACS and CHF were not

entirely congruent, consistent with studies of the general pop-

ulation. Remarkably, in this study the association between

decreased eGFR and HHD persisted after adjustment for

known cardiovascular risk factors, as determined from CMS

form 2728. In the search for unifying risk factors for heart

disease after renal transplantation that might be subject to

intervention, eGFR thus seems promising. Findings on other

risk factors for ACS and CHF after renal transplantation in this

study were consistent with previously published results

(5–7,27).

Elevated serum creatinine levels (�1.4 mg/dl) have been

associated with recurrent ischemic heart disease in the general

population (28,29), as well as death after HHD (30,31). Ele-

vated serum creatinine levels after renal transplantation have

been linked to graft failure (1) and to cardiac disease-related

death (32). In the renal transplant population, Ducloux et al. (8)

observed that elevations in baseline serum creatinine levels

were associated with composite cardiovascular outcomes, in-

cluding death. More recently, however, Ducloux et al. (33)

reported that serum creatinine levels were not independently

associated with cardiovascular events, after accounting for

CD4� cell lymphopenia, serum homocysteine levels, age, and

tobacco use. Those authors suggested the intriguing theory that

immunodeficiency, which might be a “lurking variable” asso-

ciated with renal insufficiency, is an independent predictor of

atherosclerotic events among renal transplant recipients. Our

study was obviously not able to measure CD4� cell counts,

C-reactive protein levels, or other unconventional risk factors.

There are additional reasons why renal insufficiency might

contribute to the risk of HHD after renal transplantation. Cohort

studies of the general population recently demonstrated that stan-

dard prevention and management therapies are less likely to be

used for patients with renal insufficiency who also have or de-

velop cardiovascular disease (34,35). Beneficial medications such

as HMG-CoA reductase inhibitors and �-blockers are dramati-

cally underused for patients with chronic renal failure (36,37),

even for those with known cardiovascular disease (38). The same

may be true for renal transplant recipients with renal insufficiency,

but that remains to be determined. Hariharan et al. (1) directly

attributed improvements in graft survival rates with time to im-

proved posttransplantation renal function. It has yet to be deter-

mined whether improvements in posttransplantation cardiovascu-

lar disease, as noted by Herzog et al. (39) and Meier-Kriesche et

al. (40), could also be related to better kidney function or to other

factors.

Several factors that were associated with ischemic heart

disease after renal transplantation in other studies, namely,

male gender and allograft rejection occurring in the first 1 yr

after transplantation (5,7,16), were not significantly associated

with ACS after adjustment for eGFR at 1 yr, suggesting that

the effects of male gender and rejection might be partially

mediated by changes in eGFR. In contrast, both African-

American race and body mass index, which we previously

reported as being associated with CHF after renal transplanta-

tion (41), were significant independently of eGFR at 1 yr.

Whether this increased risk of CHF among African-American

and obese recipients was attributable to higher BP or other

factors that were not measured could not be determined.

Cohort studies of CHF after renal transplantation have been

limited to Caucasian populations (7,42); it is now appropriate

to plan similar trials for African-American renal transplant

recipients.

We did not observe that any specific immunosuppressive

agent was independently associated with ACS or CHF. Be-

Figure 2. Kaplan-Meier plot of time to hospitalized congestive heart

failure (CHF) (International Classification of Diseases, version 9,

primary discharge diagnosis code 428.x), according to quartiles of

Modification of Diet in Renal Disease eGFR, as indicated by the most

recent available serum creatinine level measured �1 yr after renal

transplantation. There was a distinct difference in the risk of CHF

according to GFR immediately after renal transplantation; the lowest

GFR quartile (�44.8 ml/min per 1.73 m2) was significantly different

from the highest GFR quartile (�69.7 ml/min per 1.73 m2) (P � 0.01,

log rank test). This difference remained significant in an adjusted Cox

regression analysis (Table 3).
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cause of the limitations of the USRDS/UNOS database and

substantial changes in immunosuppressive agent use (43), with

considerable crossover of medications, it is almost impossible

to account for the immunosuppressive regimens and associate

them with the risk of CHF and ACS. We therefore used

information on immunosuppression to adjust for possible con-

founding effects on renal function. In any case, differences in

cardiovascular outcomes mediated by differing immunosup-

pressive regimens would be unlikely by 3 yr after transplanta-

tion. In particular, we did not observe that any specific immu-

nosuppressive agents demonstrated adverse interactions with

decreased renal function among renal transplant recipients, in

terms of risk for cardiovascular disease.

This study has several limitations that were previously dis-

cussed in published reports of studies that used the USRDS

database, including the inability to monitor hematocrit levels, BP,

glycemic control, and lipid levels with time (6). Discontinuation

of calcineurin inhibitor or corticosteroid use, continuation of (rath-

er than a history of) cigarette smoking, and treatment of hyper-

lipidemia, hypertension, or hyperglycemia, all of which could

affect rates of cardiovascular disease, could not be assessed.

Nevertheless, this study noted many of the same risk factors for

ACS and CHF after transplantation as did previous studies (6–

8,16). Although information on BP was recently introduced into

the UNOS transplant database, this information was available for

only a small number of patients, and information on lipid levels

and proteinuria was not available. Longenecker et al. (18) ob-

served that the specificity of CMS form 2728 for cardiovascular

disease was �90%, although its sensitivity was considerably

lower. Cardiovascular disease may certainly present after initia-

tion of dialysis (and thus after documentation in CMS form 2728),

but it is often occult and is usually detected earlier with serial

echocardiography than on the basis of clinical manifestations.

Because most patients have substantial cardiovascular disease

after 2 yr of dialysis, the duration of dialysis before transplantation

might be a reasonable surrogate measure for underlying cardio-

vascular disease (33,42). The strongest predictors of future acute

coronary events for the general population are oxidized LDL

levels (44) or a combination of C-reactive protein and LDL levels

(45), which were not available in the database. The USRDS will

likely never be able to determine differences in hospitalization

rates on the basis of long-term follow-up data, because of Medi-

care reporting regulations being limited to 3 yr after transplanta-

tion. Despite these limitations, our analysis is strengthened by the

completeness and large size of the database, its population-based

character, its use of actual outcomes (hospitalized ACS and

death), and its relatively complete follow-up data.

In conclusion, analysis of data for the national renal transplant

population demonstrated that reduced eGFR (which would be

considered approximately stage 3 chronic kidney disease in the

general population) 1 yr after transplantation was independently

associated with an increased risk of HHD 1 to 3 yr after renal

transplantation. Because of the decreasing rates of allograft rejec-

tion and graft failure with time (46), the relative importance of

death with graft function, of which HHD is a harbinger, will likely

increase with time. Evidence from the general and dialysis pop-

ulations demonstrates that beneficial treatments for cardiovascular

disease seem underused for patients with renal insufficiency,

regardless of the presence of conventional cardiovascular risk

factors. The same is likely true for the renal transplant population.

It remains an intriguing possibility that preservation of renal

function after kidney transplantation could affect HHD and thus

death with graft function.
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