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Abstract

It is currently unknown whether any secular trends exist in the incidence and outcomes of hip

fracture in kidney transplant recipients (KTR). We identified first-time KTR (1997–2010) who

had >1 year of Medicare coverage and no recorded history of hip fracture. New hip fractures were

identified from corresponding diagnosis and surgical procedure codes. Outcomes studied included

time to hip fracture, type of surgery received and 30-day mortality. Of 69 740 KTR transplanted in

1997–2010, 597 experienced a hip fracture event during 155 341 person-years of follow-up for an

incidence rate of 3.8 per 1000 person-years. While unadjusted hip fracture incidence did not

change, strong confounding by case mix was present. Using year of transplantation as a

continuous variable, the hazard ratio (HR) for hip fracture in 2010 compared with 1997, adjusted

for demographic, dialysis, comorbid and most transplant-related factors, was 0.56 (95%

confidence interval [CI]: 0.41–0.77). Adjusting for baseline immunosuppression modestly

attenuated the HR (0.68; 95% CI: 0.47–0.99). The 30-day mortality was 2.2 (95% CI: 1.3–3.7) per

100 events. In summary, hip fractures remain an important complication after kidney

transplantation. Since 1997, case-mix adjusted posttransplant hip fracture rates have declined

substantially. Changes in immunosuppressive therapy appear to be partly responsible for these

favorable findings.
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Introduction

Hip fracture is a major health concern in the general population, resulting in substantial

mortality and morbidity (1). The risk of hip fracture is increased severalfold in patients with

end-stage renal disease on dialysis compared to the general population (2).

Hip fracture is also an important complication following kidney transplantation. A 2002

study examined the risk of hip fracture in kidney transplant recipients (KTR) and estimated

the fracture rate at 3.3 events per 1000 person-years, a 34% higher risk compared with

patients receiving dialysis who were waitlisted for transplantation (3). In KTR, bone health

is influenced by several factors including preexisting osteitis fibrosa cystica associated with

secondary hyperparathyroidism and osteopenia associated with advanced age and/or vitamin

D deficiency, as well as by posttransplant factors including use of immunosuppressive drugs

and ongoing disturbances in the phosphate–calcium– parathyroid hormone–vitamin D axis

(4,5).

Much of the epidemiological information on the rates and correlates of hip fracture in KTR

comes from older studies, based on cohorts from the 1990s. However, significant changes

have occurred since then, including longer time spent on dialysis (“vintage”) due to

increased kidney transplant waiting times; newer approaches to immuno-suppression,

including trends toward steroid-minimizing protocols; and differences in recipient and donor

characteristics. Thus, it is imperative to update and carefully reexamine the epidemiology of

hip fracture in KTR. We conducted the present study to determine national trends in the

incidence, treatment and short-term outcomes of hip fractures after kidney transplantation.

Methods

Study population

From the US Renal Data System, we identified all adult (≥18 years) patients who received

their first kidney transplant between January 1997 and December 2010. Patients were

included in the cohort if they had uninterrupted Medicare Part A and B coverage in the year

prior to transplant and had at least one valid claim filed to Medicare during that period.

Patients were excluded if they had a history of hip fracture recorded in the year prior to

transplant, had a history of prior solid organ transplants or had a simultaneous pancreas–

kidney transplant.

Variable of interest

The variable of interest was year of transplant, 1997–2010. We initially examined year as a

categorical variable (with year 1997 as the reference year); however, since there were no

obvious departures from the linearity assumption, we subsequently considered year as a

continuous variable for the main analyses.

Patient characteristics

We abstracted an array of recipient and donor characteristics from US Renal Data System

files (Table 1). We categorized immunosuppression after Kirk et al (6): use of any induction
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therapy (thymoglobulin, basiliximab, daclizumab, alemtuzumab or OKT3); and discharge

maintenance immuno-therapies based on (1) tacrolimus, (2) mycophenolate mofetil, (3)

mammalian target of rapamycin inhibitor including sirolimus and everolimus or (4) steroid

based.

We ascertained comorbidities in the 365 days prior to transplant from one inpatient or two

outpatient claims (on different days) using appropriate International Classification of

Diseases, 9th Revision (ICD-9) diagnosis codes (see Table S1 and Supplemental Methods)

from institutional claims and physician supplier files.

Outcome

The main outcome of interest was time from kidney transplantation to first hip fracture after

transplant. We ascertained hip fracture from the presence of any 820.×× or 821.×× ICD-9

diagnosis code in hospital billing claims with an accompanying procedure code (Table S2)

within 7 days prior to or after the hip fracture ICD-9 code. Patients were censored at end of

study (December 31, 2010), loss of Medicare A and B coverage, at 3 years posttransplant

(when most patients under 65 years of age lose their Medicare coverage), or at death.

We further examined the type of treatment received within 7 days of coded hip fracture. We

ascertained treatment type from ICD-9 procedure codes as listed in Table S2, divided into

four main categories: partial hip replacement, total hip replacement, internal fixation and

other, which included reduction, repair not otherwise specified and no treatment identified.

A third outcome of interest was 30-day mortality (“case fatality”) following hip fracture.

Statistical analysis

We summarized baseline characteristics by groups defined by year of transplant (1997–

2001, 2002–2006 and 2007–2010). We computed unadjusted hip fracture incidence rates,

defined as the number of events over total person-time observed, by year of transplant as

well as by time (years) since transplant. We also calculated the 3-year cumulative incidence

of fracture stratified by age (below 60 years vs. 60 years or older) and sex.

We applied multivariable Cox proportional hazards models to calculate the adjusted cause-

specific hazard ratio (HR) for each year (categorical vs. the referent of 1997). We tested the

linearity of year using contrasts and calculated the HR for a 1-year difference in the year of

transplant (continuous). Using the linearity assumption of year of transplant, we also

computed the HR (and 95% confidence interval [CI]) for each year's transplant cohort to

those who received their allograft in 1997. Censoring events and their respective proportions

are listed in Table S3. We generated results using three models: Model 1, adjusted for

demographic variables; Model 2, additionally adjusted for BMI, comorbidities, healthcare

utilization and dialysis history; Model 3, additionally adjusted for most transplant variables;

and Model 4, additionally adjusted for use of induction and categories of baseline

immunosuppression. No violations of the proportionality assumption were detected.

Changes in absolute risk over time were calculated using the method proposed by Austin

(7). Since hip fracture incidence was not constant over time, we focused on the first year

following transplantation in which hip fracture incidence was highest. We conducted

companion analyses considering death as a competing risk. We report counts and

Nair et al. Page 3

Am J Transplant. Author manuscript; available in PMC 2014 July 31.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



percentages of each treatment type received after hip fracture and modeled changes in

treatment over time. We also report the number of 30-day case-fatalities following hip

fracture. Detailed methods and results of these analyses are provided in Tables S4 and S5.

This study was approved by an institutional review board at Stanford University. All

analyses were conducted using SAS software, version 9.3 (SAS Institute, Inc., Cary, NC)

and R (The R Project for Statistical Computing, Vienna, Austria).

Missing data

About 42% of patients had at least one variable missing. The percentage of data missing

ranged from less than 1% for recipient race to 18% for BMI. We assumed a missing at

random mechanism and used standard multiple imputation techniques through a

multivariable normal model to obtain 14 imputed data sets. To each imputed data set, we fit

the Cox proportional hazard model and the results were combined using the rules described

by Little and Rubin (8). All variables in Model 4 were included in the imputation model. To

augment the imputation of BMI, we also included information on BMI at time of transplant

waitlisting or, if missing, BMI from the Medical Evidence Report, and time between BMI

reporting and transplantation. For technical details and results, see Supplemental Methods

and Table S6.

Results

Figure 1 describes how we assembled the cohort. Baseline characteristics of the 69 740

transplant recipients studied, stratified by era of transplantation, are shown in Table 1. In

brief, more recently transplanted recipients were older, and had higher BMI, longer dialysis

vintage and generally higher rates of previously diagnosed comorbidities; more kidneys

were derived from donation after cardiac death and expanded criteria donors. In more recent

years, there were higher number of HLA mismatches, lower cold ischemia times and

differential use of immunosuppressive therapy.

The 69 740 KTR were followed for a total of 155 341 person-years (mean: 2.2 years;

median: 3.0 years), during which 597 hip fracture events were recorded, for an unadjusted

incidence rate of 3.8 (95% CI: 3.5–4.1) events per 1000 person-years. The event rate was

higher in the first year after transplant when compared to the second or third years of follow-

up (4.8, 3.3 and 3.2 per 1000 person-years, respectively). The hip fracture incidence after

kidney transplantation appeared unchanged over the 14 years in unadjusted analysis. In

categorical analysis, the HR for patients transplanted in 2010 was 0.67 (95% CI: 0.33–1.35)

compared with patients transplanted in 1997. Given the patterns of the HRs across

categorical years, it appeared reasonable to use a linear functional form for trend to

maximize power (Figure 2): the unadjusted HR for each more recent year was 0.99 (95% CI:

0.97–1.01). These estimates were confounded, however, by the observed trends in the

characteristics of transplant recipients.

Adjustment for demographic characteristics (Model 1) alone yielded a HR for continuous

year of 0.97 (95% CI: 0.95–0.99), which translated into an estimated HR of 0.66 (95% CI:

0.50–0.89) for the comparison between 1997 and 2010 (Figures 2 and 3). Additional

adjustment for comorbid conditions and dialysis-related factors (Model 2) further magnified
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the reduction in adjusted hip fracture risk, whereas adding most transplant characteristics

(Model 3) did not alter the strength of the association (Figure 3). However, additional

adjustment for baseline immunosuppression (Model 4) attenuated the reduction in risk.

Estimates of sub-distribution and cause-specific HRs were almost identical, arguing against

any meaningful informative censoring for death by transplant year (Tables S4 and S5). On

an absolute scale, and calculated for the first year in which hip fracture rate was highest,

Model 3 corresponds to 0.29 fewer hip fractures per 1000 patient-years for each more recent

year of transplantation; Model 4 attenuates this reduction to 0.17 fewer hip fractures per

1000 patient-years. The 3-year cumulative incidence of fracture stratified by age and sex

showed that the incidence of hip fracture was similar for both sexes, but higher for age

group ≥60 years (Figure 4).

The majority of hip fractures were treated with internal fixation (70.5%), whereas 23.1%

underwent partial hip replacement surgery, and 5.1% received a total hip replacement. The

remaining 1.1% of patients underwent reduction, or their repair was not specified. We did

not observe any significant trends in these treatment patterns over time (adjusted p = 0.74;

Figure 5). Following the 597 hip fractures studied, 13 patients died within 30 days of the hip

fracture event for a case fatality rate of 2.2 (95% CI: 1.3–3.7) per 100 events.

Discussion

Our study demonstrates that the demographic-adjusted incidence of hip fracture in US KTR

has declined significantly since the late 1990s. When additionally adjusted for changes in

case mix, the incidence of hip fracture was 45% lower in patients transplanted in 2010 than

in 1997. However, due to low incidence of the event, this large reduction in relative hazard

translates into a rather small decline in absolute hip fracture rates, by approximately 0.3

fewer events per 1000 person-years for each more recent year of transplantation. The trend

toward declining adjusted risk of hip fracture in more recent years was attenuated with

further adjustment for early posttrans-plant immunosuppressive therapy, suggesting that

changes in the immunosuppressive regimen were partly responsible for the reduction in the

risk of hip fracture. We observed no temporal trends in the treatment of hip fracture. The 30-

day mortality following hip fracture in KTR was relatively low, lower than that of the

general population at 2.2 per 100 events. This may be due to a relatively younger study

population (median age 51 years) compared to studies of hip fracture in general populations,

which are usually conducted in much older populations.

Bone loss and fractures are well-known complications of solid organ transplantation. Bone

loss of about 3.9% in the femoral neck has been shown to occur as early as 3 months after

transplantation (9). Most fractures in KTR are appendicular rather than axial (10–12).

However, hip fractures have been commonly reported (13). Compared to the general

population, KTR are at a much higher risk for fractures (10,12). Using the National Health

Interview Survey, Ramsey-Goldman et al (10) reported a 34-fold higher fracture risk for

women aged 45–64 with a kidney transplant compared to the general population. Ball et al

(3) found that the incidence rate of hip fractures was 3.3 per 1000 person-years in patients

transplanted between 1990 and 1999, which was 34% higher in adjusted analysis compared

with patients receiving dialysis who were on the kidney transplant waitlist during that time.
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Their reported incidence rate is comparable to ours of 3.8 per 1000 person-years.

Furthermore, hip fracture risk is highest in the immediate posttransplant period and has been

estimated to decline by 1% for each additional month from the transplant procedure (3). We

found that the hip fracture incidence was almost 5 events per 1000 person-years in the first

posttransplant year, but closer to 3 events per 1000 person-years in the 2 subsequent years.

There are several possible explanations for the decline in the adjusted risk of hip fracture in

KTR. Immunosuppressive regimens changed considerably during the era studied (14). When

adjusted for the baseline immunosuppression, the decline in risk was attenuated, suggesting

that changes in immunosuppressive therapy may be partly responsible for the reduction.

Tacrolimus largely replaced cyclosporine by the early 2000s and some data suggest that,

relative to cyclosporine, tacrolimus may preserve bone mineral density (15). Corticosteroids

are a well-established risk factor for posttransplant fractures, and the adoption of steroid-

sparing and steroid-minimizing regimens could have contributed to the diminished adjusted

risk (13,16).

There are several other possible explanations for the decline in the demographic-adjusted

rates of hip fracture. The use of other (nonimmunosuppressive) medications may also have

favorably influenced the reduction. A decline in incidence of hip fracture in the general

population has been partly attributed to increased bisphosphonate use (17). While routine

use is not recommended in patients with significantly impaired kidney function, including

patients with chronic kidney disease stages 4 and 5 and patients on dialysis (18),

bisphosphonates have been shown to attenuate bone loss in KTR (19). Activated vitamin D

derivatives and the calcimimetic cinacalcet have also yielded improvements in bone mineral

density (20,21). However, studies in KTR have not shown a significant decrease in hip or

other fracture risk with bisphosphonates, 25-hydroxy vitamin D or other agents (22). Finally,

changes in lifestyle, including enhanced physical activity (23), reduced smoking and alcohol

use (24,25) could have improved bone health in KTR. In addition, acute rejection rates (and

the corresponding requirement for pulsed steroids) fell considerably between 1997 and the

mid-2000s (18,26).

The conventional treatment of hip fracture is surgical repair. About 71.5% of the fractured

patients in our study underwent internal fixation, while approximately 23% underwent total

or partial hip replacement. Formal statistical testing did not identify any trends in the relative

use of these treatments. However, the choice of treatment does provide information about

the type of hip fracture sustained; partial or complete hip replacement is mainly used for

intracapsular femoral neck fractures and internal fixation for peritrochanteric fractures. For

femoral neck fractures and peritrochanteric fractures in the general Medicare population the

adjusted percent of each treatment was internal fixation 26.9% and 94.8%, partial hip

replacement 77.8% and 8.2%, and total hip replacement 2.7% and 0.5%, respectively (27).

The predominance of internal fixation in our population suggests that the majority of

fractures were peritrochanteric and contrasts with data from the elderly population where the

incidence of peritrochanteric and intracapsular fractures is roughly equal (28).

The 30-day mortality after sustaining a hip fracture was 2.2 per 100 events. This rate is

considerably lower than in the general population. Brauer et al (17) examined trends in 30-
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day mortality after hip fracture in older persons from the general population, and found that

the adjusted 30-day mortality decreased from 5.9% to 5.2% in women and from 11.9% to

9.3% in men between 1985 and 2005. KTR constitute a relatively young and carefully

screened population with disproportionately poor bone health, which may explain their

comparatively high hip fracture incidence but low case fatality rate.

Our study does have certain limitations. There may be under-ascertainment of hip fractures

by inclusion of only hospitalized patients, as we based our outcome definition on

administrative claims data. However, nearly all patients with hip fractures require

hospitalization and numerous studies have validated a claims-based approach for

identification of hip fracture (29–31) with a sensitivity of 97% and a positive predictive

value of 98%. We looked for procedural claims within 7 days of the coded hip fracture event

and may have missed a small minority of patients who received surgical treatment at a later

date. To our knowledge, there are no validation studies for the procedure codes for hip

fracture treatment. However, given the cost of these procedures, it is unlikely that procedure

codes would be ignored or omitted. We have no reason to suspect any temporal trend in

ascertainment during the study period. Conversely, over-ascertainment of hip fractures is

theoretically possible, but unlikely as we included only fracture events that were

accompanied by claims for corresponding surgical treatments, confirming that hip fractures

were present. Our study population represents a broad sample of US transplant recipients.

However, by limiting our study to patients with ≥1 year of fee-for-service Medicare

coverage, we excluded a considerable number of patients, mostly patients younger than 65

years who received preemptive transplantation, had private insurance or were on dialysis

less than 1 year prior to transplantation, all of whom constitute a younger and relatively

healthier segment of the KTR population. As with all observational studies, residual

confounding from un-measured or incorrectly ascertained data cannot be excluded.

However, most confounding occurred by reliably coded demographic characteristics and

additional adjustment for clinical and transplant characteristics barely changed the inference

from demographic-adjusted analyses. Patients younger than 65 years lose federal Medicare

benefits 3 years after successful transplantation; therefore, in order to avoid censoring bias,

we limited follow-up to 3 years posttransplant. However, most of the literature suggests that

fracture risk is highest in the first few years following transplant (3,13). Finally, it is

possible that steroid-sparing regimens that are not yet evident from data at discharge and

whose use has certainly increased over the years would have further attenuated or even

annulled any multivariate association of transplant year with hip fracture incidence.

However, since we conducted multiple imputations for missing data and information on

postbaseline immunosuppressant drug regimens was missing in large proportions of patients

at 1 and 2 years after transplant, imputation models for time-dependent information did not

converge.

In summary, we observed relatively high and steady rates of hip fracture in KTR since 1997,

which correspond to statistically significant and clinically meaningful declines in age-

adjusted, and age-, vintage- and comorbidity-adjusted risks. Additional well-designed

comparative effectiveness studies are warranted to identify key drivers of hip fracture

incidence and interventions to further reduce the risk of hip fracture and associated

complications.
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Figure 1.
Flow diagram of cohort derivation.
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Figure 2. Comparisons of estimated categorical and linear trends in the incidence of hip fracture
in recipients of a first kidney transplant
(A) Unadjusted. (B) Adjusted for age, sex, race and Hispanic ethnicity (Model 1). Exact

numbers for hazard ratios and 95% confidence intervals are available in Tables S3 and S4.
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Figure 3. Temporal trends in the incidence of hip fracture in recipients of a first kidney
transplant
Note: Model 1 is adjusted for demographic variables (age, sex, race, Hispanic ethnicity);

Model 2 is additionally adjusted for all comorbidities, dialysis-related and healthcare

utilization variables in Table 1 and for BMI; Model 3 is additionally adjusted for all

transplant variables in Table 1; Model 4 is additionally adjusted for induction and baseline

immunosuppression. p-Values for linear year in Models 1–3 were <0.001. Exact numbers

for hazard ratios and 95% confidence intervals are available in Table S4.
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Figure 4.
Three-year cumulative hip fracture incidence in recipients of a first kidney transplant,

stratified by age and sex.
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Figure 5. Trends in the surgical treatment received for hip fracture
(A) Number of hip fracture treatments, by category and year. (B) Proportion of hip fracture

treatments, by category and year. Note: Other includes reduction and repair not otherwise

specified. Tests for trend of the use of internal fixation versus other treatment were not

significant in unadjusted or any of the adjusted models.
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Table 1

Characteristics of patients with end-stage renal disease at the time of their first kidney transplant

All years 1997–2001 2002–2006 2007–2010

Count % Count % Count % Count %

Total (row percent) 69 740 100.00 19 970 28.63 26 686 38.26 23 084 33.10

Patient demographics

    Age at transplant (years) 51 (40–60) 48 (37–58) 51 (40–61) 53 (42–62)

    Female 27 219 39.03 8011 40.12 10 421 39.05 8787 38.07

    Race

        White 39 711 56.94 12 066 60.42 15 160 56.81 12 485 54.09

        Black 24 548 35.20 6647 33.28 9313 34.90 8588 37.20

        Other 5462 7.83 1257 6.29 2207 8.27 1998 8.66

        Missing 19 0.03 0 0.00 6 0.02 13 0.06

        Hispanic ethnicity 11 627 16.67 3011 15.08 4587 17.19 4029 17.45

        Missing 453 0.65 179 0.90 155 0.58 119 0.52

BMI at transplant (kg/m2)

            <18.5 1435 2.06 512 2.56 541 2.03 382 1.65

            18.5–24.9 20 514 29.41 6174 30.92 8063 30.21 6277 27.19

            25.0–29.9 20 235 29.01 5121 25.64 7966 29.85 7148 30.97

            ≥30 17 770 25.48 3886 19.46 7000 26.23 6884 29.82

            Missing 9786 14.03 4277 21.42 3116 11.68 2393 10.37

Cause of end-stage renal disease

    Diabetes 22 636 32.46 5994 30.02 8798 32.97 7844 33.98

    Hypertension 17 124 24.55 4659 23.33 6476 24.27 5989 25.94

    Glomerulonephritis 17 232 24.71 5414 27.11 6613 24.78 5205 22.55

    Other 12 175 17.46 3510 17.58 4678 17.53 3987 17.27

    Missing 573 0.82 393 1.97 121 0.45 59 0.26

Dialysis vintage

    <2.5 18 824 26.99 6681 33.46 6923 25.94 5220 22.61

    2.5–5 30 774 44.13 9723 48.69 11 465 42.96 9586 41.53

    >5 20 142 28.88 3566 17.86 8298 31.09 8278 35.86

Most recent modality

    Hemodialysis 58 755 84.25 16 168 80.96 22 724 85.15 19 863 86.05

    Peritoneal dialysis 10 470 15.01 3561 17.83 3800 14.24 3109 13.47

    Missing 515 0.74 241 1.21 162 0.61 112 0.49

Nursing home stay 1543 2.21 542 2.71 539 2.02 462 2.00

Hospital days 2 (0–8) 3 (0–9) 2 (0–8) 2 (0–7)

Nonnephrology clinic visits 16 (8–27) 14 (7–24) 16 (8–27) 17 (9–29)

Comorbidities

    Diabetes 27 234 39.05 6885 34.48 10 584 39.66 9765 42.30

    Cancer 2148 3.08 477 2.39 808 3.03 863 3.74

    Coronary artery disease 5962 8.55 1752 8.77 2380 8.92 1830 7.93
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All years 1997–2001 2002–2006 2007–2010

Count % Count % Count % Count %

    Cerebrovascular disease 4976 7.14 1178 5.90 1900 7.12 1898 8.22

    Cerebral hemorrhage 333 0.48 97 0.49 125 0.47 111 0.48

    Alcohol 406 0.58 122 0.61 157 0.59 127 0.55

    Tobacco 2518 3.61 532 2.66 1031 3.86 955 4.14

    Peripheral vascular disease 9076 13.01 2280 11.42 3490 13.08 3306 14.32

    Hypertension 50 789 72.83 13 144 65.82 19 544 73.24 18 101 78.41

    Valve disease 6917 9.92 1679 8.41 2704 10.13 2534 10.98

    Heart failure 12 294 17.63 3290 16.47 4701 17.62 4303 18.64

    Chronic pulmonary disease 6725 9.64 1548 7.75 2614 9.80 2563 11.10

    Atrial fibrillation 3407 4.89 703 3.52 1336 5.01 1368 5.93

    Other arrhythmias 3895 5.59 1112 5.57 1436 5.38 1347 5.84

    Dementia 567 0.81 148 0.74 234 0.88 185 0.80

    Rheumatologic disease 3128 4.49 843 4.22 1170 4.38 1115 4.83

    Liver disease 6694 9.60 2547 12.75 2124 7.96 2023 8.76

    Hyperparathyroidism 6840 9.81 2540 12.72 2692 10.09 1608 6.97

Patient blood type

    A 23 154 33.20 6892 34.51 8839 33.12 7423 32.16

    AB 2697 3.87 732 3.67 1006 3.77 959 4.15

    B 10 119 14.51 2812 14.08 3857 14.45 3450 14.95

    O 33 667 48.28 9468 47.41 12 951 48.53 11 248 48.73

    Missing 103 0.15 66 0.33 33 0.12 4 0.02

Panel reactive antibody titer

    0–10% 45 192 64.80 13 154 65.87 17 628 66.06 14 410 62.42

    11–80% 12 797 18.35 3401 17.03 4543 17.02 4853 21.02

    ≥80 4139 5.93 977 4.89 1571 5.89 1591 6.89

    Missing 7612 10.91 2438 12.21 2944 11.03 2230 9.66

Transplant characteristics

    Donor age 39 (25–51) 38 (23–49) 40 (24–50) 41 (26–52)

    Missing 4590 6.58 2359 11.81 1873 7.02 358 1.55

    Female donor 30 342 43.51 8694 43.54 11 725 43.94 9923 42.99

    Missing 142 0.20 108 0.54 30 0.11 4 0.02

    Hispanic donor 10 598 15.20 2648 13.26 4248 15.92 3702 16.04

    Missing 150 0.22 115 0.58 31 0.12 4 0.02

Donor type

    Living 11 844 16.98 3360 16.83 4805 18.01 3679 15.94

    Standard deceased 40 280 57.76 11 717 58.67 15 335 57.46 13 228 57.30

    Expanded criteria 9131 13.09 2288 11.46 3374 12.64 3469 15.03

    Donation after cardiac death 4079 5.85 301 1.51 1361 5.10 2417 10.47

    Missing 4406 6.32 2304 11.54 1811 6.79 291 1.26

Number of HLA mismatches

    0 5904 8.47 1940 9.71 2449 9.18 1515 6.56
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All years 1997–2001 2002–2006 2007–2010

Count % Count % Count % Count %

    1–3 18 292 26.23 7110 35.60 6365 23.85 4817 20.87

    4-6 42 163 60.46 10 214 51.15 16 499 61.83 15 450 66.93

    Missing 3381 4.85 706 3.54 1373 5.15 1302 5.64

Cold ischemia time (h)

    <12 18 767 26.91 4608 23.07 6856 25.69 7303 31.64

    12–24 27 068 38.81 7842 39.27 9938 37.24 9288 40.24

    >24 13 225 18.96 4610 23.08 4736 17.75 3879 16.80

    Missing 10 680 15.31 2910 14.57 5156 19.32 2614 11.32

Immunosuppression

    Induction

        Thymoglobulin 24 162 34.65 3358 16.82 9934 37.23 10 870 47.09

        Alemtuzumab 4187 6.00 0 0.00 1480 5.55 2707 11.73

        OKT3 2116 3.03 1879 9.41 164 0.61 73 0.32

        Basiliximab 12 265 17.59 3088 15.46 5275 19.77 3902 16.90

        Daclizumab 7450 10.68 2545 12.74 3090 11.58 1815 7.86

    Maintenance

        Tacrolimus 44 677 64.06 7372 36.92 17 981 67.38 19 324 83.71

        Cyclosporine 18 427 26.42 11 581 57.99 5309 19.89 1537 6.66

        Mammalian target of rapamycin—inhibitors 5714 8.19 1821 9.12 3089 11.58 804 3.48

        Mycophenolate mofetil 57 026 81.77 15 268 76.45 21 438 80.33 20 320 88.03

        Azathioprine 2704 3.88 2324 11.64 274 1.03 106 0.46

        Steroids 63 598 91.19 19 370 97.00 23 878 89.48 20 350 88.16

        Missing 3351 4.80 361 1.81 1567 5.87 1423 6.16

All values are presented as percent or median (interquartile range).
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