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Abstract: Although survival has improved for kidney transplant recipients over the past several 

decades, long-term survival in diabetic cohorts still is significantly less than that of non-diabetic 

cohorts. We hypothesized that among stable kidney transplant recipients, there might be dif-

ferences between subgroups with and without diabetes with respect to prevalence of prior 

cardiovascular events and post-transplant antihypertensive and immunosuppressive therapy. We 

performed a post hoc analysis of participants in the Folic Acid for Vascular Outcome Reduc-

tion in Transplant (FAVORIT) trial, a multicenter international trial of 4110 prevalent kidney 

transplant recipients enrolled from 2002 to 2007 evaluating the effect of homocysteine-lowering 

vitamin therapy on cardiovascular outcomes. There were 2447 participants without diabetes, 166 

with type 1 diabetes, and 1447 with type 2 diabetes at study entry, which occurred on average 4 

years post-transplant. Recipients with diabetes had a greater prevalence of prior cardiovascular 

events, were more likely to have required multiple medications to control hypertension, and 

were more likely to have received tacrolimus as opposed to cyclosporine than the non-diabetic 

transplant recipients (all p<0.001). The effect of differences in treatment of non-diabetic vs 

diabetic cohorts after stable renal transplantation upon outcomes has not yet been studied and 

could provide additional information that might lead to improved care.
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Introduction
In the US, the latest statistics has revealed (2014-USRDS/UNOS) that more than 17,000 

kidney transplants are done annually. Twice as many allografts come from deceased 

donors as from live donors. Diabetes mellitus is the cause of end-stage renal disease in 

40% of this transplant population. Tens of thousands of diabetic patients have benefited 

from renal transplantation since the demonstration in 1970s that prescreening of poten-

tial recipients could result in patient and allograft survivals for diabetic patients similar 

to those of non-diabetic patients over the first 2 years.1–3 Indeed, such success has been 

extended to some patients with preexistent heart disease by the early detection and treat-

ment of coronary arterial disease.4 Although diabetic populations may now achieve similar 

transplant benefits to non-diabetic populations, long-term overall outcomes remain poor. 

We had the opportunity to analyze data from a large population (n=4110), 40% 

of whom had diabetes. All studied subjects had successful renal transplantation and 
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were considered clinically stable. We hypothesized that 

among kidney transplant recipients, there might be differ-

ences between subgroups with and without diabetes with 

respect to prevalence of prior cardiovascular events (PCVE) 

and post-transplant antihypertensive and immunosuppres-

sive therapies. Such differences, should they exist, could be 

expected to relate to both allograft source and recipient fac-

tors and, therefore, impact and confound choices of therapy. 

Subgroup analysis may be clinically useful to improve long-

term survival.

Materials and methods
This is a retrospective analysis of the data set from the interna-

tional Folic Acid for Vascular Outcome Reduction in Transplant 

(FAVORIT) trial, which was designed to determine whether a 

combination of vitamins B6, B12, and folic acid would reduce 

cardiovascular end points in a large renal transplant recipient 

cohort. The full methods and results of this trial are reported 

elsewhere.5,6 Enrollment involved 4110 patients in 27 clinical 

sites including data from the baseline visit from August 2002 

through January 2007. All subjects were between 35 and 75 

years of age, had elevated homocysteine levels (>11 mol/L 

for women and >12 mol/L for men), and at least 6 months 

after kidney transplant had stable kidney function. Follow-up 

contacts occurred every 6 months through January 31, 2010, 

to obtain study-related outcomes through June 24, 2009. 

Subjects were randomized and classified as non-diabetic 

and type 1 or type 2 diabetic study subjects. Patients were 

similarly classified by the presence or absence of cardiovas-

cular diagnoses prior to randomization. Demographic infor-

mation is available in Table 1. There were 2447 non-diabetic, 

166 type 1 diabetic and 1497 type 2 diabetic study subjects. 

Laboratory tests and medication use are reported from the 

baseline visit prior to randomization. Prescription medica-

Table 1 Baseline demographics by DM types (DM1, DM2, and non-diabetes)

Baseline at enrollment No DM 
(N=2447)

DM1  
(N=166)

DM2  
(N=1497)

p-value

Age 51.32±9.52 51.49±9.29 52.96±9.24 <0.001
Non-White 513 (21.4%) 31 (19.0%) 401 (27.4%) <0.001
Country <0.001

US 1667 (55.6%) 120 (4%) 1213 (40.4%)
Canada 346 (69.5%) 20 (4%) 132 (26.5%)
Brazil 434 (70.9%) 26 (4.3%) 152 (28.8%)

Female 921 (37.6%) 54 (32.5%) 553 (36.9%) 0.41
Smoker (current) 297 (12.1%) 25 (15.1%) 129 (8.6%) <0.001
Prevalent CVD (%) 324 (13.3%) 52 (31.3%) 444 (29.7%) <0.001
Prevalent hypertension (%) 2225 (91.0%) 146 (88.0%)  1407 (94.1%) <0.001
Graft vintage (years) 4.2 [1.7, 7.9] 2.9 [1.3, 7.1] 3.8 [1.6, 7.1] 0.013
BMI 28.59±5.94 22.79±2.21 30.84±6.39 <0.001
Creatinine (μmol/L) 144.59±42.30 139.56±38.85 144.34±41.99 0.33
eGFR 48.61±15.91 51.06±17.69 48.79±16.47 0.17
CKD 0.23

GFR≥90 mL/min 42 (1.8%)  5 (3.1%)  22 (1.5%)
60≤GFR<90 mL/min 466 (19.5%) 38 (23.3%) 315 (21.5%)
30≤GFR<60 mL/min 1659 (69.3%) 110 (67.5%) 969 (66.2%)
15≤GFR8<30 ml/min 227 (9.5%) 10 (6.1%) 157 (10.7%)
GFR<15 mL/min 1 (0.0%) 0 (0.0%) 0 (0.0%)

Cholesterol (mmol/L) 4.91±1.15 4.46±0.98 4.61±1.12 <0.001
Triglycerides (mmol/L) 2.24±1.45 1.73±1.00 2.32±2.84 0.004
HDL cholesterol (mmol/L) 1.20±0.35 1.30±0.46 1.18±0.36 <0.001
LDL cholesterol (mmol/L) 2.71±0.90 2.36±0.76 2.44±0.82 <0.001
Homocysteine (μmol/L) 16.11±7.89 15.15±4.58 15.93±6.24 0.51
Cardiovascular history

MI/CHD 225 (9.2%) 37 (22.3%) 304 (20.3%) <0.001
Stroke/CBVD 109 (4.5%) 18 (10.8%) 144 (9.6%) <0.001
AAA repair/leak 45 (1.8%)  9 (5.4%) 109 (7.3%) <0.001
CVD (any) 324 (13.3%) 52 (31.3%) 444 (29.7%) <0.001
Renal revascularization 77 (3.2%) 15 (9.0%) 129 (8.6%) <0.001
Amputation 33 (1.3%)  7 (4.2%) 70 (4.7%) <0.001

Abbreviations: DM, diabetes mellitus; DM1, type 1 diabetes mellitus; DM2, type 2 diabetes mellitus; CVD, cardiovascular disease; BMI, body mass index; eGFR, estimated 
glomerular filtration rate; CKD, chronic kidney disease; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MI, myocardial infarction; CHD, congenital heart disease; 
AAA, abdominal aortic aneurysm; CVD, cardiovascular disease.
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tions taken regularly during the past month were recorded 

during participant interviews. Exclusion criteria included 

associated comorbidities that could be expected to limit 

survival (cancer, end-stage HIV, and hepatic, pulmonary, or 

cardiac disease) as well as recent (<3 months) cardiovascular 

and renal events or surgical procedures.

History of cardiovascular events included the following 

classifications:

•	 Myocardial infarction or coronary artery revasculariza-

tion (ie coronary artery bypass surgery or angioplasty)

•	 Stroke (thromboembolic or hemorrhagic)

•	 Carotid arterial revascularization (endarterectomy or 

angioplasty)

•	 Abdominal or thoracic aortic aneurysm repair 

•	 Renal arterial revascularization (bypass surgery or 

angioplasty)

•	 Lower extremity arterial revascularization (bypass surgery 

or angioplasty) 

•	 Lower extremity amputation above the ankle

Table 2 lists medications at baseline based on the absence 

or type of diabetes. Blood pressure-lowering medications 

included angiotensin converting enzyme inhibitors (ACEi), 

angiotensin receptor blockers (ARB), beta blockers, dihy-

dropyridine calcium channel blockers, non-dihydropyridine 

calcium channel blockers, vasodilators, centrally active drugs, 

loop diuretics, and other diuretics. Lipid-lowering medica-

tions included 3-hydroxy-3-methyl-glutaryl-coenzyme A 

(HMG CoA) reductase inhibitors, bile acid sequestrants, 

niacin, gemfibrozil, fenofibrate, bezafibrate, clofibrate, 

probucol, and ezetimibe. Antiplatelet medications included 

aspirin, clopidogrel, ticlopidine, and other antiplatelet agents. 

Antidiabetic agents included insulin, sulfonylureas, rosigli-

tazone, pioglitazone, metformin, and other antidiabetic agents 

(Dipeptidyl peptidase-4 [DPP-4]inhibitors, Glucagon-like 

peptide-1 receptor [GLP-1] agonists). Transplant-specific 

immunosuppression regimens at baseline included cyclo-

sporine A, tacrolimus, sirolimus, mycophenolate mofetil, 

azathioprine, and prednisone. Transplant immunosuppression 

medications were classed by mechanism of action: calcineu-

rin inhibitors (cyclosporine A and tacrolimus), mechanistic 

target of rapamycin inhibitors (sirolimus), bone marrow 

suppressants (mycophenolate mofetil and azathioprine), and 

antilymphocyte agents (prednisone).

Statistical analysis
All baseline information is summarized using means and 

standard deviations or, for skewed variables, medians and 

interquartile ranges for continuous variables and using counts 

and percentages for dichotomous variables. In order to test 

for trends in baseline characteristics across categories of esti-

mated glomerular filtration rate, linear regression, Cuzick’s 

nonparametric trend test, and Cochran–Armitage test for 

trend were used. Global tests of equality are conducted using 

ANOVA, the Kruskal–Wallis test, and Pearson’s chi-squared 

test, respectively. p-values <0.05 are considered significant. 

All analyses were conducted using STATA 13 (StataCorp LP, 

College Station, TX, USA). 

Results
Demographics
As noted in Table 1, there was regional variation with 

respect to prevalence of type 2 diabetes (higher in the US 

compared to either Canada or Brazil). Age and transplant 

function were similar in the three groups. As would be 

expected, hypertension and significant cardiovascular his-

tory were much more prevalent in the diabetes cohorts. 

The diabetic transplant recipients were more than twice 

as likely to have survived a myocardial infarction, stroke, 

aneurysm repair, or amputation. Statin and aspirin use was 

higher when compared to the non-diabetic patient cohort, 

with lower lipid measurements. Decreased low-density lipo-

protein and cholesterol were noted in the diabetic cohort, 

related to the excess of antecedent cardiovascular events. A 

high prevalence of current smoking in the type 1 diabetic 

transplant population compared to both non-diabetic and 

type 2 transplant diabetic populations confirms a prior 

observation from Warsaw, Poland, in an epidemiologic 

non-transplantation study.7 To our knowledge, the lower 

prevalence of tobacco smoking in type 2 diabetic transplant 

recipients when compared to a non-diabetic cohort has not 

been reported previously.

Medication use at baseline
Table 2 lists baseline medications for the three groups (non-

diabetic and type 1 and type 2 diabetic groups). 

•	 Although immunosuppressant combination therapy was 

similar among cohorts, increased use of tacrolimus with 

decreased use of cyclosporine was noted in the diabetic 

cohort when compared with the non-diabetic cohort.

•	 Antihypertensive medication use was increased in patients 

with type 2 (insulin-resistant) diabetes. Angiotensin-

active drugs (ARB and ACEi) were used more in diabetic 

patients. Use of four or more antihypertensive medications 

was twice as high among the type 2 diabetic cohort as 

either type 1 or non-diabetic cohorts.
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•	 The use of lipid-lowering medications and platelet-active 

medications was more common in the diabetic cohorts.

•	 Anticoagulant use was similar in all cohorts.

Tables 3 and 4 list medications by most common com-

binations used at baseline in this cohort. An increase in the 

diagnosis of diabetes is seen after transplantation because 

some forms of anti-immune therapy effect glucose metabo-

lism. Tables 5 and 6 break down the relationship between 

graft vintage and immunomodulation therapies. 

Discussion
In summary, the diabetic transplant recipients had a greater 

prevalence of PCVE and were more likely to have required 

multiple medications to control hypertension. They were 

also more likely to have received tacrolimus as opposed to 

cyclosporine than the non-diabetic transplant recipients. 

In facilities familiar with post-transplant care, communi-

cation among subspecialists is usually successful; however, 

when frequent visits are required at relatively long distances, 

primary care internists must become progressively more 

Table 2 Baseline medications by DM types (DM1, DM2, and non-diabetes)

Medications Non-diabetes 
(N=2447)

DM1  
(N=166)

DM2  
(N=1497)

p-value

Transplant specific
Cyclosporine A 1291 (52.8%) 76 (45.8%) 727 (48.6%) 0.015
Tacrolimus 841 (34.4%) 74 (44.6%) 640 (42.8%) <0.001
Sirolimus 201 (8.2%) 15 (9.0%) 129 (8.6%) 0.87
Mycophenolate mofetil 1566 (64.0%) 96 (57.8%) 1018 (68.0%) 0.005
Azathioprine 489 (20.0%) 35 (21.1%) 216 (14.4%) <0.001
Prednisone 2245 (91.7%) 152 (91.6%) 1341 (89.6%) 0.07
Calcineurin inhibitors (CI) 2130 (87.1%) 150 (90.4%) 1360 (90.9%) 0.001
Bone marrow suppressants (BMS) 2042 (83.5%) 131 (78.9%) 1229 (82.2%) 0.21
CI+BMS+predn 1597 (65.3%) 104 (62.7%) 1010 (67.5%) 0.24

CI+BMS+sirol 24 (1.0%) 1 (0.6%) 12 (0.8%) 0.87

Sirol+predn 162 (6.6%) 14 (8.4%) 92 (6.1%) 0.50

CI+sirol 96 (3.9%) 9 (5.4%) 70 (4.7%) 0.39

CI+sirol+predn 69 (2.8%) 8 (4.8%) 46 (3.1%) 0.33

BMS+sirol 116 (4.7%) 6 (3.6%) 61 (4.1%) 0.53

BMS+sirol+predn 90 (3.7%) 5 (3.0%) 45 (3.0%) 0.51

CI+BMS+sirol+predn 9 (0.4%) 0 (0.0%) 7 (0.5%) 0.63
Antihypertensives

Angiotensin-converting enzyme inhibitors 771 (31.5%) 61 (36.7%) 512 (34.2%) 0.11
Angiotensin receptor blockers 282 (11.5%) 16 (9.6%) 250 (16.7%) <0.001
Beta blockers 1357 (55.5%) 84 (50.6%) 878 (58.7%) 0.04
Calcium channel blockers 810 (33.1%) 58 (34.9%) 568 (37.9%) 0.008
Diuretics 625 (25.5%) 41 (24.7%) 559 (37.3%) <0.001
Others 230 (9.4%) 9 (5.4%) 165 (11.0%) 0.04

Number of BP meds
Mean 1.67±1.05 1.62±1.08 1.96±1.13 <0.001

Numbers <0.001
0 333 (13.6%) 29 (17.5%) 146 (9.8%)
1 770 (31.5%) 47 (28.3%) 375 (25.1%)
2 842 (34.4%) 54 (32.5%) 521 (34.8%)
3 398 (16.3%) 30 (18.1%) 321 (21.4%)
4 95 (3.9%) 6 (3.6%) 119 (7.9%)
5 7 (0.3%) 0 (0.0%) 14 (0.9%)
6 2 (0.1%) 0 (0.0%) 1 (0.1%)

Lipid-lowering medications
HMG-CoA (statins) 1205 (49.2%) 90 (54.2%) 861 (57.5%) <0.001
Others 145 (5.9%) 7 (4.2%) 125 (8.4%) 0.005

Platelet specific
Aspirin 817 (33.4%) 94 (56.6%) 783 (52.3%) <0.001
Others 41 (1.7%) 9 (5.4%) 80 (5.3%) 0.001
Anticoagulants 118 (4.8%) 5 (3.0%) 78 (5.2%) 0.45

Abbreviations: DM, diabetes mellitus; DM1, type 1 diabetes mellitus; DM2, type 2 diabetes mellitus; BP, blood pressure; predn, prednisone; sirol, sirolimus; HMG-CoA,  
3-hydroxy-3-methylglutaryl-coenzyme A.
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familiar with the interplay of immunosuppressive agents, 

antihypertensive medications, and new drugs for diabetes.

This study design directs attention to information on 

risk after the initial post-transplant period of instability, 

infection, and rejection. In this study, among the 4110 ran-

domized participants, 38.9% had diabetes and 19.5% had 

previous cardiovascular events that had not precluded organ 

transplant. As such, it is quite representative of the stable 

renal transplant population that is seen in most transplant 

and nephrology clinics. The FAVORIT database is ideal 

for analysis as it has information on comorbid conditions, 

medications, and outcomes of interest that other databases 

may not have. This and other registries permit us to focus 

on the increasing population for whom successful organ 

transplantation has permitted a life free from dialysis. Yet 

long-term risks of cardiovascular and non-cardiovascular 

morbidity remain to a certain extent related to comorbidi-

ties such as underlying cardiovascular disease, hypertension, 

diabetes, underlying renal disease, and effects of immunosup-

pression. Patients undergoing renal allograft transplantation 

for polycystic disease may not experience recurrence of 

this condition in their kidney allograft, but individuals with 

diabetes, focal segmental glomerulosclerosis, membranous 

or immunoglobulin A nephropathy, and lupus, amyloid, or 

Table 3 Demographic characteristics by immunotherapy medications

Baseline 
medication 
groups

CI+BMS+ 
predn, n=2695, 
65.62%

CI+predn, 
n=487, 
11.86%

BMS+predn, 
n=272, 6.62%

CI+BMS, 
n=244, 5.94%

BMS+sirol+ 
predn, n=124, 
3.02%

CI+sirol+ 
predn, n=107, 
2.61%

Others, 
n=178, 4.33%

p-value

DM status 0.004
Non-DM 1588 (58.9%) 292 (60.0%) 191 (70.2%) 141 (57.8%) 81 (65.3%) 60 (56.1%) 92 (51.7%)
Type 1 DM 104 (3.9%) 24 (4.9%) 9 (3.3%) 12 (4.9%) 5 (4.0%) 8 (7.5%) 4 (2.2%)
Type 2 DM 1003 (37.2%) 171 (35.1%) 72 (26.5%) 91 (37.3%) 38 (30.6%) 39 (36.4%) 82 (46.1%)

Age 51.46±9.35 53.67±10.17 52.15±9.12 54.43±9.41 50.69±9.00 49.50±8.58 52.79±8.82 <0.001
Non-White 670 (25.4%) 90 (19.1%) 46 (17.2%) 51 (21.3%) 28 (23.1%) 23 (21.9%) 37 (21.3%) 0.008
Country <0.001

US 1975 (73.3%) 326 (66.9%) 184 (67.6%) 186 (76.2%) 89 (71.8%) 90 (84.1%) 147 (82.6%)
Canada 247 (9.2%) 135 (27.7%) 40 (14.7%) 40 (16.4%) 11 (8.9%) 6 (5.6%) 19 (10.7%)
Brazil 473 (17.6%) 26 (5.3%) 48 (17.6%) 18 (7.4%) 24 (19.4%) 11 (10.3%) 12 (6.7%)

Female 975 (36.2%) 198 (40.7%) 102 (37.5%) 104 (42.6%) 44 (35.5%) 41 (38.3%) 63 (35.4%) 0.30
Current smoker 298 (11.1%) 43 (8.8%) 38 (14.0%) 28 (11.5%) 11 (8.9%) 12 (11.2%) 20 (11.2%) 0.49
Prevalent CVD 521 (19.4%) 103 (21.2%) 56 (20.7%) 56 (23.2%) 25 (20.3%) 16 (15.0%) 43 (24.2%) 0.38
HTN 2469 (91.6%) 460 (94.5%) 234 (86.0%) 221 (90.6%) 123 (99.2%) 103 (96.3%) 168 (94.4%) <0.001
Graft vintage 
(years)

3.6 [1.6, 6.6] 6.9 [2.6, 11.6] 9.7 [4.7, 18.1] 4.0 [1.8, 6.7] 2.7 [1.3, 5.2] 1.9 [1.2, 3.8] 3.4 [1.3, 8.2] <0.001

Graft type
Cadaver 1567 (58.1%) 320 (65.7%) 129 (47.4%) 126 (51.6%) 67 (54.0%) 59 (55.1%) 100 (56.2%) <0.001
Living 1111 (41.2%) 160 (32.9%) 140 (51.5%) 117 (48.0%) 55 (44.4%) 47 (43.9%) 75 (42.1%) <0.001

BMI 29.25±6.31 28.45±5.82 29.71±6.44 29.24±5.81 29.41±6.15 28.41±5.59 29.30±6.78 0.10
Creatinine (mg/dL) 1.61±0.46 1.70±0.48 1.71±0.57 1.53±0.41 1.77±0.49 1.75±0.51 1.61±0.53 <0.001
eGFR 49.88±16.33 44.91±15.23 46.44±16.50 49.68±14.43 44.35±14.85 44.81±14.98 50.23±17.23 <0.001
CKD <0.001

GRF≥90 53 (2.0%) 6 (1.3%) 3 (1.1%) 1 (0.4%) 1 (0.8%) 2 (1.9%) 3 (1.7%)

60≤ GFR<90 577 (21.8%) 71 (15.1%) 46 (17.2%) 55 (23.0%) 14 (11.6%) 11 (10.5%) 44 (25.3%)

30≤ GFR<60 1797 (68.0%) 318 (67.7%) 178 (66.4%) 166 (69.5%) 87 (71.9%) 81 (77.1%) 110 (63.2%)

15≤ GFR8<30 214 (8.1%) 75 (16.0%) 40 (14.9%) 17 (7.1%) 19 (15.7%) 11 (10.5%) 17 (9.8%)

GFR < 15 0 (0.0%) 0 (0.0%) 1 (0.4%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Cholesterol  
(mg/dL)

183.33±42.26 181.95±36.82 180.80±45.39 169.02±40.43 214.88±53.30 222.66±61.06 194.08±49.07 <0.001

Triglycerides  
(mg/dL)

189.68±123.74 191.62±117.57 189.22±173.82 189.34±119.48 292.34±197.81 367.90±776.16 218.71±165.98 <0.001

HDL (mg/dL) 46.43±13.92 47.52±14.27 45.77±13.84 41.88±13.15 45.34±12.95 49.77±13.81 44.91±13.72 <0.001
LDL (mg/dL) 100.29±33.71 98.42±30.58 98.04±30.86 91.19±32.79 117.33±41.39 115.09±37.48 107.04±38.12 <0.001
Homocysteine 100.29±33.71 98.42±30.58 98.04±30.86 91.19±32.79 117.33±41.39 115.09±37.48 107.04±38.12 0.49

Abbreviations: DM, diabetes mellitus; DM1, type 1 diabetes mellitus; DM2, type 2 diabetes mellitus; CVD, cardiovascular disease; BMI, body mass index; eGFR, estimated 
glomerular filtration rate; CKD, chronic kidney disease; HTN, hypertension; HDL, high-density lipoprotein; LDL, low-density lipoprotein; CI, calcineurin inhibitors 
(cyclosporine, tacrolimus); BMS, bone marrow suppressants (azathioprine, mycophenolate); sirol, mTOR inhibitor (sirolimus); predn, antilymphocytics (prednisone); mTOR, 
mechanistic target of rapamycin.
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hemolytic uremic syndrome may have disease recurrence. In 

addition, several of the immunosuppressant regimens used 

are “diabetogenic” and the development of steroid-dependent 

diabetes is not uncommon and may impact prognosis.8 This 

information must be available to the clinicians who will treat 

transplant patients.

Diabetic populations are at higher risk of all-cause mortal-

ity than non-diabetic populations. The addition of immuno-

suppression to prevent rejection of a solid organ magnifies 

this excess risk. Taking these facts into account, we focused 

on the treatment of diabetes, hypertension, and immunosup-

pression at baseline of an international trial enrolling stable 

renal allograft patients in both North and South America. 

When analyzed from the perspective of non-diabetic or 

type 1 or type 2 diabetic cohorts, we found baseline renal 

allograft function to be similar. There was clearly an excess 

of previous cardiovascular events in the diabetic patients as 

well as more use of statins with lower lipid risk profiles. In 

addition, requirement of more medications needed to treat 

hypertension in the diabetic cohorts was evident. Given such 

findings, one would anticipate an excess cardiovascular risk 

in the diabetic cohort.

The observation of this trial that the diabetic cohort 

was more likely to have received tacrolimus as opposed to 

cyclosporine than the non-diabetic cohort may be due to the 

reduced effect that cyclosporine has on glucose metabolism 

in patients already under treatment for diabetes. This study 

reflects an era in which cyclosporine use was diminishing in 

diabetic cohorts, especially in those undergoing combined 

simultaneous kidney–pancreas transplantation.9 Although it 

is likely that the migration to tacrolimus was due to perceived 

improved efficacy, it is possible that tacrolimus was preferred 

to cyclosporine in the diabetic cohort to avoid hyperkalemia 

and arteriolar hyaline thickening/obliterative disease.10,11 

Cyclosporine use has diminished since that time due to concern 

for allograft nephropathy.12–14 Comparative observations of 

diabetes vs non-diabetes use have not previously been reported.

There exists a significant body of research linking insulin 

resistance and hypertension therapy resistance. The observa-

tion that in stable renal transplant population, hypertension 

therapy for diabetic patients may require more complex 

drug regimens is similar to those noted in both single-center 

and multinational trials enrolling patients with diabetes and 

renal disease.15,16 Our study confirms these reports and dem-

onstrates that type 2 diabetic patients required significantly 

greater numbers of antihypertensives than non-diabetic 

patients of the similar age (Table 2). One could postulate that 

among diabetic transplant recipients with relatively resistant 

Table 4 Demographic characteristics by immunotherapy medications (row wise)

Baseline  
medication groups

CI+BMS+predn, 
n=2695, 65.62%

CI+predn, 
n=487, 
11.86%

BMS+predn, 
n=272, 6.62%

CI+BMS, 
n=244, 
5.94%

BMS+sirol+predn, 
n=124, 3.02%

CI+sirol+predn, 
n=107, 2.61%

Others, 
n=178, 
4.33%

p-value

DM status 0.004
Non-DM 1588 (64.9%) 292 (11.9%) 191 (7.8%) 141 (5.8%) 81 (3.3%) 60 (2.5%) 92 (3.8%) 
Type 1 DM 104 (62.7%) 24 (14.5%) 9 (5.4%) 12 (7.2%) 5 (3.0%) 8 (4.8%) 4 (2.4%) 
Type 2 DM 1003 (67.0%) 171 (11.4%) 72 (4.8%) 91 (6.1%) 38 (2.5%) 39 (2.6%) 82 (5.5%) 

Non-White 670 (70.9%) 90 (9.5%) 46 (4.9%) 51 (5.4%) 28 (3.0%) 23 (2.4%) 37 (3.9%) 
Country <0.001

US 1975 (65.9%) 326 (10.9%) 184 (6.1%) 186 (6.2%) 89 (3.0%) 90 (3.0%) 147 (4.9%) 
Canada 247 (49.6%) 135 (27.1%) 40 (8.0%) 40 (8.0%) 11 (2.2%) 6 (1.2%) 19 (3.8%) 
Brazil 473 (77.3%) 26 (4.2%) 48 (7.8%) 18 (2.9%) 24 (3.9%) 11 (1.8%) 12 (2.0%) 

Female 975 (63.9%) 198 (13.0%) 102 (6.7%) 104 (6.8%) 44 (2.9%) 41 (2.7%) 63 (4.1%) 
Current smoker 298 (66.2%) 43 (9.6%) 38 (8.4%) 28 (6.2%) 11 (2.4%) 12 (2.7%) 20 (4.4%) 
Prevalent CVD 521 (63.5%) 103 (12.6%) 56 (6.8%) 56 (6.8%) 25 (3.0%) 16 (2.0%) 43 (5.2%) 
HTN 2469 (65.4%) 460 (12.2%) 234 (6.2%) 221 (5.8%) 123 (3.3%) 103 (2.7%) 168 (4.4%) 
Graft type <0.001

Cadaver 1567 (66.2%) 320 (13.5%) 129 (5.4%) 126 (5.3%) 67 (2.8%) 59 (2.5%) 100 (4.2%) 
Living 1111 (65.2%) 160 (9.4%) 140 (8.2%) 117 (6.9%) 55 (3.2%) 47 (2.8%) 75 (4.4%) 

CKD
GRF ≥90 53 (76.8%) 6 (8.7%) 3 (4.3%) 1 (1.4%) 1 (1.4%) 2 (2.9%) 3 (4.3%) 

60≤ GFR <90 577 (70.5%) 71 (8.7%) 46 (5.6%) 55 (6.7%) 14 (1.7%) 11 (1.3%) 44 (5.4%) 

30≤ GFR <60 1797 (65.7%) 318 (11.6%) 178 (6.5%) 166 (6.1%) 87 (3.2%) 81 (3.0%) 110 (4.0%) 

15≤ GFR8<30 214 (54.5%) 75 (19.1%) 40 (10.2%) 17 (4.3%) 19 (4.8%) 11 (2.8%) 17 (4.3%) 

GFR <15 0 (0.0%) 0 (0.0%) 1 (100.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Abbreviations: DM, diabetes mellitus; DM1, type 1 diabetes mellitus; DM2, type 2 diabetes mellitus; CVD, cardiovascular disease; BMI, body mass index; eGFR, estimated 
glomerular filtration rate; CKD, chronic kidney disease; CI, calcineurin inhibitors (cyclosporine, tacrolimus); BMS, bone marrow suppressants (azathioprine, mycophenolate); 
sirol, mTOR inhibitor (sirolimus); predn, antilymphocytics (prednisone); mTOR, mechanistic target of rapamycin; HTN, hypertension;.
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hypertension, a medication solely targeting insulin resistance, 

or the causes of such resistance, might also reduce the need 

for complex antihypertensive therapy. Further study and use 

of biguanides in the type 2 diabetic cohort appears appropri-

ate if transplant function is adequate.17

Although a reasonably low-risk group of patients with 

diabetes and renal disease can be identified and treated with 

successful renal transplant, recipients with diabetes demon-

strated an excess risk for both cardiovascular and infectious 

Table 5 Relationship between graft vintage and immunotherapy

Graft vintage Tercile 1
N=1373
0.34–2.25

Tercile 2
N=1357
2.26–6.12

Tercile 3
N=1360
6.13–46.18

p-value

Transplant specific
Cyclosporine A 477 (34.7%) 675 (49.7%) 929 (68.3%) <0.001
Tacrolimus 797 (58.0%) 552 (40.7%) 204 (15.0%) <0.001
Sirolimus 172 (12.5%) 120 (8.8%) 51 (3.8%) <0.001
Mycophenolate mofetil 1065 (77.6%) 1009 (74.4%) 599 (44.0%) <0.001
Azathioprine 108 (7.9%) 464 (34.1%) 161 (11.9%) <0.001
Prednisone 1237 (90.1%) 1228 (90.5%) 1255 (92.3%) 0.047
Calcineurin inhibitors (CI) 1268 (92.4%) 1226 (90.4%) 1131 (83.2%) <0.001
Bone marrow suppressants (BMS) 1168 (85.1%) 1168 (86.1%) 1052 (77.4%) <0.001

Group medication <0.001
CI+BMS+predn 972 (70.8%) 953 (70.3%) 761 (56.0%)

CI+predn 108 (7.9%) 117 (8.6%) 258 (19.0%)

BMS+predn 30 (2.2%) 57 (4.2%) 182 (13.4%)

CI+BMS 79 (5.8%) 95 (7.0%) 69 (5.1%)

BMS+sirol+predn 51 (3.7%) 49 (3.6%) 23 (1.7%)

CI+sirol+predn 59 (4.3%) 37 (2.7%) 10 (0.7%)
Others 74 (5.4%) 48 (3.5%) 56 (4.1%)

Abbreviations: sirol, mTOR inhibitor (sirolimus); predn, antilymphocytics (prednisone); mTOR, mechanistic target of rapamycin.

Table 6 Relationship between graft vintage and immunotherapy (row wise)

Graft vintage Tercile 1
N=1373
0.34–2.25

Tercile 2
N=1357
2.26–6.12

Tercile 3
N=1360
6.13–46.18

p-value

Transplant specific
Cyclosporine A 477 (22.9%) 675 (32.4%) 929 (44.6%) 0.001
Tacrolimus 797 (51.3%) 552 (35.5%) 204 (13.1%)
Sirolimus 172 (50.1%) 120 (35.0%) 51 (14.9%)
Mycophenolate mofetil 1065 (39.8%) 1009 (37.7%) 599 (22.4%)
Azathioprine 108 (14.7%) 161 (22.0%) 464 (63.3%)
Prednisone 1237 (33.3%) 1228 (33.0%) 1255 (33.7%)
Calcineurin inhibitors (CI) 1268 (35.0%) 1226 (33.8%) 1131 (31.2%)
Bone marrow suppressants (BMS) 1168 (34.5%) 1168 (34.5%) 1052 (31.1%)

Group medication 0.001
CI+BMS+predn 972 (36.2%) 953 (35.5%) 761 (28.3%)

CI+predn 108 (22.4%) 117 (24.2%) 258 (53.4%)

BMS+predn 30 (11.2%) 57 (21.2%) 182 (67.7%)

CI+BMS 79 (32.5%) 95 (39.1%) 69 (28.4%)

BMS+sirol+predn 51 (41.5%) 49 (39.8%) 23 (18.7%)

CI+sirol+predn 59 (55.7%) 37 (34.9%) 10 (9.4%)
Others 74 (41.6%) 48 (27.0%) 56 (31.5%)

Abbreviations: sirol, mTOR inhibitor (sirolimus); predn, antilymphocytics (prednisone); mTOR, mechanistic target of rapamycin.

events when compared to non-diabetic populations.18–21 

Successful prediction of subsequent cardiovascular events 

(SCVE) from a history of PCVE has been demonstrated 

for diabetic patients with impaired renal function.22 In a 

small study of diabetic patients on long-term dialysis, we 

were unable to demonstrate this predictability; however, the 

populations were quite different.23 The current analysis adds 

to the literature a cross-sectional evaluation from an interna-

tional trial demonstrating some of the differences in therapies 
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chosen for stable renal allograft recipients depending upon 

the absence, presence, and type of diabetes, and PCVE. In 

summary, the diabetic transplant recipients had a greater 

prevalence of PCVE and were more likely to have required 

multiple medications to control hypertension24,25 and were 

also more likely to have received tacrolimus as opposed to 

cyclosporine than the non-diabetic transplant recipients.26–28 

It would be anticipated that long-term stability of trans-

plant function would allow for a decrease in antirejection 

therapy to the minimum required to avoid side effects from 

therapy. This is confirmed in this study (Tables 5 and 6) by 

the progressive reduction in prevalence of calcineurin inhibi-

tors and bone marrow suppressant usage as allograft vintage 

increased. The strong association observed between renal 

allograft vintage and immunomodulation therapy evident in 

this study may explain, in part, some differences between our 

non-diabetic and diabetic cohorts (as indicated in Table 1). 

Renal replacement therapy occurs earlier in type 1 diabetic 

cohorts and may be associated with a need for pancreatic 

transplant. There were no patients enrolled in this trial with 

simultaneous pancreatic–kidney allografts. By age >50 years, 

it would be anticipated that a larger percentage of the diabetic 

cohort than the non-diabetic cohort would have undergone 

more than one transplant. 

Our analysis has several limitations. Type 2 diabetes 

mellitus in this renal transplant recipient cohort may be a 

somewhat heterogeneous descriptive given the possibility 

that this diagnosis may be related to required use of immu-

nosuppression. C peptide measurement was not undertaken 

as part of the study. Some of the diabetes identified may have 

been post-transplant and records of the duration of diabetes 

were not available.29–31 Although “new onset diabetes” in 

the face of immunosuppression is considered by many to 

have less impact on cardiovascular events than longer term 

diabetes in transplant populations, studies of “new onset 

diabetes” in patients with heart failure and coronary events 

do not have a less severe prognosis.32,33 Further studies on 

the impact of new onset diabetes on outcomes would be 

appropriate. In our study, 90% of the patients with diabetes 

had at least 1 year of diabetes. Although duration of dialy-

sis was not available in the database of the current report, 

two reports indicate that since 2000, the impact of dialysis 

duration on transplant allograft survival has decreased sub-

stantially.34,35 It is understood that populations with diabetes 

mellitus have a higher prevalence of cardiovascular and 

non-cardiovascular morbidity and mortality than popula-

tions without diabetes. The excess risk is due to relative 

native immunosuppression. Underappreciated sources of 

excess risk may be cardiac autonomic dysfunction36 and 

peripheral neuropathy that interact with blood pressure 

and kidney function. The current study is unable to assess 

the impact of these effects in this population. Another 

limitation of this and other studies is a lack of information 

regarding prior renal allografts, vascular access procedures, 

or duration of dialysis. It is quite likely that, although the 

groups were of similar ages, the type 1 diabetic patients 

had prior renal allografts that had failed and this may have 

influenced subsequent therapy. The current presentation 

is not an outcome study, and differences in treatment may 

or may not impact outcomes due to extensive screening 

pretransplantation and due to selection bias for entry into 

the folic acid/vitamin B12 treatment trial. Likewise, this 

analysis cannot inform us on immunotherapy for diabetic 

patients during end-stage renal disease or for those who do 

not survive the early postoperative course. The enrollment 

period for this study spanned a 5-year period, during which 

immunomodulation transitioned to favor tacrolimus use. 

There was regional (country) variation in both tacrolimus 

use and prevalence of type 2 diabetes. 

Stable diabetic renal transplant recipients had a greater 

prevalence of PCVE, were more likely to have required 

multiple medications to control hypertension, and were 

also more likely to have received tacrolimus as opposed to 

cyclosporine than the non-diabetic transplant recipients. 

Among stable renal transplant recipients, there were also 

differences in immunomodulatory therapy based upon graft 

vintage, which was different for type 1 and type 2 diabetics 

than for non-diabetics. 

The effect of differences in treatment between non-

diabetic and diabetic cohorts and variations in therapy based 

upon graft vintage after stable renal transplantation upon 

outcomes have not yet been studied, which could provide 

additional information that might lead to improved care. 
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