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Abstract
Background—Previous studies have indicated U-shaped associations between blood pressure
(BP) and mortality in dialysis patients. We hypothesized that a similar association exists between
pre-transplant BP and post-transplant outcomes in dialysis patients who undergo successful kidney
transplantation.

Methods—Data from the Scientific Registry of Transplant Recipients were linked to the 5-year
cohort of a large dialysis organization in the United States. We identified all dialysis patients who
received a kidney transplant during this period. Unadjusted and multivariate adjusted predictors of
transplant outcomes were examined.

Results—The 13,881 patients included in our study were 47±14 years old and included 42%
women. There was no association between pre-transplant systolic BP and post-transplant
mortality, although a decreased risk trend was observed in those with low post-dialysis systolic
BP. Compared to patients with pre-dialysis diastolic BP 70–<80 mmHg, patients with pre-dialysis
diastolic BP<50 mmHg experienced lower risk of post-transplant death (HR:0.74, 95%CI:0.55–
0.99). However, compared to patients with post-dialysis diastolic BP 70–<80 mmHg, patients with
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post-dialysis diastolic BP≥100 mmHg experienced higher risk of death (HR: 3.50, 95%CI: 1.57–
7.84). In addition, very low (<mmHg for diastolic BP and <110 mmHg for systolic BP) pre-
transplant BP was associated with lower risk of graft loss.

Conclusions—Low post-dialysis systolic and low pre-dialysis diastolic BP are associated with
lower post-transplant risk of death, whereas very high post-dialysis diastolic BP is associated with
higher mortality in kidney transplant recipients. BP variations of dialysis patients prior to kidney
transplantation may have a bearing on post-transplant outcome, which warrants additional studies.

Keywords
blood pressure; delayed graft function; graft loss; kidney transplantation; mortality

Introduction
More than eighty percent of the 400,000 patients on maintenance hemodialysis (MHD) in
the United States have systolic hypertension.(1) The Kidney Disease Outcomes Quality
Initiative (K/DOQI) recommended blood pressure (BP) targets to be achieved by means of
anti-hypertensive therapy or other interventions in MHD patients are <140 / 90 mmHg pre-
hemodialysis and <130 / mmHg post-hemodialysis.(2) Whereas a few studies have indicated
that, similar to the general population,(3) high systolic or diastolic BP is associated with
increased death risk in dialysis patients,(4–6) a number of large epidemiologic studies have
paradoxically indicated inverse(5, 7–17) or U-shaped(9–12, 18–21) associations between BP
and mortality in dialysis patients.

Arterial hypertension is common in kidney transplant recipients.(1) More than 80% of these
patients have hypertension during the first year after renal transplantation.(1) It is well-
known that arterial hypertension has adverse effects on kidney graft function and survival,
(22–24) and treatment of hypertension may have positive effects on the kidney grafts’ and
patients’ survival.(25, 26) However, it is not clear whether a history of hypertension or the
level of BP during the dialysis period has any effect on post-transplant outcomes. Aull-
Watschinger et al. examined the predictors of cerebrovascular events after kidney
transplantation in more than 1600 kidney transplant recipients.(27) Atrial fibrillation and
presence of diabetes mellitus, but not hypertension were predictors of cerebrovascular
events.(27) Nevertheless, arterial hypertension is associated with left ventricular
hypertrophy(28) and stroke,(29) which could affect post-transplant survival. In addition, low
BP during the dialysis period has been associated with higher mortality.(30, 31)

The impact of pre-transplant recipients’ systolic and diastolic BP level on transplant
outcomes is still unclear. We sought to examine the association of systolic and diastolic BP
levels with all-cause mortality, graft failure, and delayed graft function (DGF) in a US-based
renal transplant population. We hypothesized that high and low systolic and diastolic BP
were associated with poor graft and patient outcomes.

Patients and Methods
Subjects

We linked data, using patients’ social security numbers, on all kidney transplant recipients
listed in the Scientific Registry of Transplant Recipients (SRTR) up to June 2007 to a list of
individuals with CKD who underwent maintenance hemodialysis treatment from July 2001
to June 2006 in one of the outpatient dialysis facilities of a US-based large dialysis
organization (LDO). The study was approved by the Institutional Review Boards of both
Los Angeles Biomedical Research Institute at Harbor-UCLA and DaVita Clinical Research.
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Clinical and Demographic Measures
The creation of the national LDO dialysis patient cohort has been described previously.(32–
38) To minimize measurement variability, all repeated measures for each patient during any
given calendar quarter, i.e., over a 13-week interval, were averaged and the summary
estimate was used in all models. Average values for each patient were obtained from up to
20 calendar quarters (q1 through q20) for each laboratory and clinical measure, resulting in
up to six years of follow-up. The first (baseline) studied quarter for each patient was the
calendar quarter in which the patient’s dialysis vintage was >90 days. Demographic data and
details of medical history were collected, with information on age, gender, race, type of
insurance, marital status, presence of diabetes, height, post-hemodialysis dry weight (to
calculate averaged body mass index [BMI]) and dialysis vintage. Dialysis vintage was
defined as the duration of time between the first day of dialysis treatment and the day of
kidney transplantation.

Blood Pressure Measures
Seated pre- and post-hemodialysis BP values were measured during every single
hemodialysis treatment session by means of automatically inflated cuffs using a digital
monitor attached to each hemodialysis machine according to standard dialysis unit
protocols. All available BP values of the same sort were averaged within each of the 20
calendar quarters of the 5-year cohort. For instance, if an MHD patient attended all 39
thrice-weekly hemodialysis treatment sessions over 13 weeks, all 39 pre-hemodialysis
systolic BP (SBP) values were added and divided by 39 to obtain the averaged pre-
hemodialysis SBP value for that calendar quarter of that given patient. BP values of <5
mmHg or >300 mmHg were deemed implausible and excluded from analyses. Patients were
classified in BP groups according to their averaged BP values at all quarters in the cohort.
We divided the quarterly averaged pre- and post-hemodialysis BP values into 9 a priori
selected categories of SBP (<110 mmHg, 110 to 119 mmHg, 120 to 129 mmHg, 130 to 139
mmHg, 140 to 149 mmHg, 150 to 159 mmHg, 160 to 169 mmHg, 170 to 179 mmHg, and
≥180 mmHg) and 7 a priori selected categories of diastolic BP (DBP) (<50 mmHg, 50 to 59
mmHg, 60 to 69 mmHg, 70 to 79 mmHg, 80 to 89 mmHg, 90 to 99 mmHg, and ≥100
mmHg).

Laboratory Measures
Blood samples were drawn using uniform techniques in all of the LDO dialysis clinics and
were transported to the LDO Laboratory in Deland, Florida, typically within 24 hours. All
laboratory values were measured by automated and standardized methods in the LDO
laboratory. Most laboratory values were measured monthly, including serum urea,
creatinine, albumin, calcium, phosphorus, bicarbonate, and total iron binding capacity
(TIBC). Serum ferritin and intact PTH were measured at least quarterly. Hemoglobin was
measured at least monthly in essentially all patients and weekly to biweekly in most patients.
Most blood samples were collected pre-dialysis with the exception of post-dialysis serum
urea nitrogen to calculate urea kinetics. Kt/V (single pool) was calculated using urea kinetic
modeling equations as described elsewhere.(39)

Statistical Methods
Data were summarized using proportions and means (± standard deviation [SD]). We
examined p-values for trends across pre-transplant BP categories. Time-to-event survival
analyses were done to determine the association of pre-transplant recipients’ systolic and
diastolic BP level with all-cause mortality and graft failure (defined as re-initiation of
dialysis treatment or re-transplantation). Survival analyses to calculate hazard ratios (HR)
and 95% confidence interval (95% CI) of death or graft failure employed Cox proportional
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hazards regression. In mortality analyses, patients were followed until event (death) or
censoring (graft failure or end of follow-up period), whichever happened first. In graft
failure analyses, patients were followed until event (graft failure) or censoring (death or end
of follow-up period), whichever happened first. Proportional hazard assumption was tested
using log (−log) against survival plots. Post-transplant delayed graft function (DGF) was
defined as the need for any dialysis therapy in the first week after transplantation.(40)
Logistic regression models were employed to estimate the odds ratio (OR) and 95% CI of
post-transplant DGF.

For each regression analysis, four levels of multivariate adjustment were examined: (I) an
unadjusted model that included pre-transplant recipients’ systolic and diastolic BP level as
the predictor; (II) Case-mix adjusted models that included the above plus age, gender,
recipient race-ethnicity (African Americans and other self-categorized Blacks, Non-Hispanic
Whites, Asians, Hispanics and others), diabetes mellitus, dialysis vintage (<6 month, 6
month to 2 years, 2–<5 years and ≥5 years), primary insurance (Medicare, Medicaid, private
and others), marital status (married, single, divorced, widowed and other or unknown),
dialysis dose as indicated by Kt/V (single pool), presence or absence of a hemodialysis
catheter, and residual renal function during the entry quarter and 8 co-morbidities
(atherosclerotic heart disease, congestive heart failure, cancer, chronic obstructive
pulmonary disease, cerebrovascular disease, hypertension, peripheral vascular disease,
tobacco use); (III) Case-Mix and Malnutrition-inflammation-complex syndrome (MICS)
adjusted models which included all of the above covariates plus 9 surrogates of nutritional
status and inflammation measured during the last calendar quarter before transplantation
included: body mass index (BMI) and 8 laboratory variables, i.e. nPCR as an indicator of
daily protein intake (also known as the normalized protein nitrogen appearance (nPNA)),
(41) and serum or blood concentrations of TIBC, ferritin, calcium, phosphorous,
bicarbonate, peripheral white blood cell count (WBC), lymphocyte percentage and albumin;
and (IV) Case-mix, MICS and transplant data adjusted models included all of the above plus
8 transplant-related variables: (1) donor type (deceased or living), (2) donor age, (3) donor
gender, (4) panel reactive antibody (PRA) titer (last value prior to transplant), (5) number of
HLA mismatches, (6) cold ischemia time, (7) DGF (except when DGF was a dependent
variable in logistic regression models), and (8) extended donor criteria (EDC) using standard
definition (donor history of hypertension and/or serum creatinine of donor > 1.5 mg/dL and/
or cause of death in donor is cerebrovascular event). All analyses were carried out with SAS
version 9.3 (SAS Institute Inc., Cary, North Carolina).

Results
The original 5-year (7/2001–6/2006) LDO national database included 164,789 adult
subjects. After merging this LDO database with the SRTR database 65,386 patients were
identified, of which 17,629 had undergone one or more kidney transplantation during their
lifetime, but only 14,508 dialysis patients had undergone kidney transplantation for the first
time. From these 14,508 dialyzed patients, we excluded patients who did not have BP
measurements (n=627). The analytic cohort consisted of the remaining 13,881 patients who
underwent first kidney transplantation during the observation period and who were followed
until death, graft failure, loss of follow up, or survival until June 30th 2007 (Figure S1).
There were 991 deaths (7.1%) and 2,669 graft failures (20.6 %) irrespective of subsequent
death. The median cohort follow up was 722 days (interquartile range was: 359–1,209 days).
The baseline characteristics of waitlisted but non-transplanted patients have been described
elsewhere.(42) Table 1 shows the clinical, demographic and laboratory data of the 13,881
transplanted patients across nine pre-transplant pre-dialysis systolic BP categories.
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Mortality Outcomes
Figure 1 (and Table S1) shows the association between pre-transplant BP categories and
post-transplant graft loss-censored mortality. There was no association between both pre-
dialysis and post-dialysis pre-transplant systolic BP and mortality, except for patients with
low post-dialysis systolic BP of < 110 mmHg who had a lower risk of death when compared
to patients with post-dialysis systolic BP 130–<140 mmHg (HR: 0.70, 95% CI: 0.51–0.95).
A similar flat association was observed for both pre-dialysis and post-dialysis diastolic BP
and mortality; however, low (< 50 mmHg) pre-dialysis diastolic BP was associated with a
lower risk of death (HR: 0.74, 95%CI: 0.55–0.99), and very high post-dialysis diastolic BP
(≥ 100 mmHg) was associated with a higher risk of death (HR: 3.50, 95%CI: 1.57–7.84).

Graft Survival
Figure 2 (and Table S2) shows the association between pre-transplant BP categories and
post-transplant death-censored graft loss. In our fully adjusted model, low pre- and post-
dialysis systolic and diastolic pre-transplant BP were all associated with a lower risk of
death-censored graft loss. Interestingly, high pre-dialysis systolic (≥ 180 mmHg) (HR: 0.47,
95%CI: 0.28–0.79) and high pre-dialysis diastolic (≥ 100 mmHg) (HR: 0.62, 95%CI: 0.41–
0.94) BPs were also associated with a lower risk of death-censored graft loss.

Delayed Graft Function
Figure 3 (and Table S3) shows the association between pre-transplant BP categories and
post-transplant DGF. There was no association between both pre-dialysis and post-dialysis
pre-transplant systolic BP and DGF, except for a lower odds of DGF associated with low
(<50 mmHg) pre-dialysis diastolic BP (OR: 0.77, 95% CI: 0.62–0.96).

Discussion
In this retrospective analysis of 13,881 primary kidney transplant recipients, we assessed the
association between pre-transplant recipients’ systolic and diastolic BP levels and risk of
death-censored graft failure and graft loss-censored death. Only low (< 110 mmHg) post-
dialysis systolic and low (< 50 mmHg) pre-dialysis diastolic BP groups were associated with
better survival, while high post-dialysis diastolic (≥100 mmHg) BP was associated with
increased mortality. In addition, low pre-transplant BP was associated with lower risk of
death-censored graft loss.

Several important pre-transplant risk factors have been identified in the last few years,(32,
35, 36, 38, 43, 44) but the association of pre-transplant BP and post-transplant mortality had
not been previously assessed. Due to lack of data, most of the guidelines on the evaluation
of kidney transplant candidates have not included any recommendations about the ideal BP
of waitlisted patients.(45–49) The recent recommendation from the American Society of
Transplantation mentioned that hypertension (BP ≥140/90 mm Hg or taking
antihypertensive medications) is a risk factor of ischemic heart disease and other
atherosclerotic disease, but did not provide an ideal range of BP during the waitlisted period.
(47) Neither the European Best Practice Guideline nor the evaluation guideline from the
United Kingdom mentioned anything about what the preferred BP might be in waitlisted
dialysis patients.(48, 49) Based on our results, only very high diastolic BP was associated
with higher post-transplant mortality risk.

The current observational study indicates that both very low pre-transplant systolic and
diastolic BPs were associated with lower risk of graft loss. Other retrospective studies have
suggested that hypertension before transplantation is also associated with poor outcomes
after renal transplantation.(24, 47, 50) Poorly controlled BP appears to be a strong risk factor
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for allograft failure in African American transplant recipients, and the level of pre-transplant
BP identifies those patients as being at the highest risk for renal allograft failure.(24, 51) In
addition, pre-transplant hypertension has been shown to be associated with post-transplant
hypertension.(52) In a study by Kasiske et al., each 10 mmHg higher post-transplant systolic
BP was associated with 17% and 18% increased risk of transplant failure and death,
respectively.(53) In a second study of nearly 25,000 primary deceased donor kidney
recipients, when compared to patients with sustained increases in systolic BP, improved
long-term transplant outcomes were observed in recipients whose systolic BP decreased
from >150 mmHg at 1 year post-transplant to <140 mmHg at 3 years post-transplant. (54)

There was no association between both pre-dialysis and post-dialysis pre-transplant systolic
BP and delayed graft function in our study. Ozdemir et al. examined 142 renal transplant
recipients and found that pre-transplant systolic BP level of <120 mmHg was associated
with a more than 3 times higher risk of delayed graft function.(55) In addition, when only
living-related recipients were considered, the systolic BP level demonstrated a significant
positive association with DGF. (55) Potential explanations for the different outcomes seen in
our study include the larger size and the lower proportion of living donors in our cohort.

Our study results should be viewed in light of several potential limitations. Inherent to the
retrospective observational nature of our study, we cannot establish causality. Furthermore,
we did not have data on the BP post transplantation, which may not necessarily have
correlated with pre-transplant values. Repeated post-transplant measures of BP and
laboratory variables and immunosuppressive, anti-hypertensive and other medical regimens
were not available in the SRTR database, but in the full model we did adjust for a number of
transplant-related variables. Data on anti-hypertensive medication usage and treatment may
have further affected the BP and outcomes relationship. While we had comprehensive data
on numerous BP values for each subject analyzed, we did not evaluate pulse pressure as a
variable. Pulse pressure has been shown to be a biomarker and strong predictor of clinical
outcomes particularly in elderly populations.(56) Generalizability to the US chronic kidney
disease population may be limited due to the lower proportion of diabetics and the lack of
re-transplanted patients in our cohort. Additionally, the mean age of our study population
was significantly younger than that of the United States Renal Data System population and
may not be representative of the end stage renal disease population in general. Thus, our
findings contrast somewhat with previous observational studies,(17) where higher pre- and
post-HD BP’s correlated with better survival. The transplant population studied here likely
represented younger and healthier subjects where HTN worked as a more traditional risk
factor on vascular outcomes. Another potential limitation is we did not have access to data
on deaths after graft loss.

To our knowledge this is the first study examining the association between pre-transplant
systolic and diastolic BP levels and post-transplant short- and long-term outcomes in kidney
allograft recipients. Strengths of this study include the racially and ethnically heterogeneous
patient population with repeated BP measurement values and relatively long follow-up
period. Though we acknowledge many confounders that may contribute to the relationship
studied, we performed multi-level adjustments, which included several important pre-
transplant measures.

Conclusion
In this retrospective analysis of 13,881 primary kidney transplant recipients, the lowest post-
dialysis systolic and low pre-dialysis diastolic BPs were associated with decreased risk of
death, while the highest post-dialysis diastolic BP was associated with increased risk of
death. Low pre-transplant BP was also associated with lower risk of graft loss. Though the
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current observational study is limited by unaccounted for confounders, our study suggests
that low BP in waitlisted patients may be a biomarker for improved post transplant
outcomes.
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Figure 1.
Hazard ratio (95% confidence intervals) of post-transplant mortality (Panel A: pre-dialysis
systolic BP; Panel B: post-dialysis systolic BP, Panel C: pre-dialysis diastolic BP, Panel D:
post-dialysis diastolic BP) across different categories of blood pressure level using Cox
regression analyses in 13,881 long-term dialysis patients who underwent renal
transplantation and who were observed over a 6-year study period (7/2001–6/2007).
Case-mix models adjusted for age, gender, recipient race-ethnicity, diabetes mellitus,
dialysis vintage, primary insurance, marital status, dialysis dose as indicated by Kt/V (single
pool), presence or absence of a hemodialysis catheter, and residual renal function during the
entry quarter and 8 co-morbidities; Malnutrition-inflammation-complex syndrome (MICS)
models adjusted for all of the above covariates plus body mass index, nPCR, serum or blood
concentrations of TIBC, ferritin, calcium, phosphorous, bicarbonate, peripheral white blood
cell count, lymphocyte percentage and albumin; Case-mix, MICS and transplant models
adjusted for all of the above plus donor type, donor age, donor gender, panel reactive
antibody (PRA) titer (last value prior to transplant), number of HLA mismatches, cold
ischemia time, DGF (except when DGF was a dependent variable in logistic regression
models), and extended donor criteria.
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Figure 2.
Hazard ratio (95% confidence intervals) of post-transplant graft loss (Panel A: pre-dialysis
systolic BP; Panel B: post-dialysis systolic BP, Panel C: pre-dialysis diastolic BP, Panel D:
post-dialysis diastolic BP) across different categories of blood pressure level using Cox
regression analyses in 13,881 long-term dialysis patients who underwent renal
transplantation and who were observed over a 6-year study period (7/2001–6/2007).
Case-mix models adjusted for age, gender, recipient race-ethnicity, diabetes mellitus,
dialysis vintage, primary insurance, marital status, dialysis dose as indicated by Kt/V (single
pool), presence or absence of a hemodialysis catheter, and residual renal function during the
entry quarter and 8 co-morbidities; Malnutrition-inflammation-complex syndrome (MICS)
models adjusted for all of the above covariates plus body mass index, nPCR, serum or blood
concentrations of TIBC, ferritin, calcium, phosphorous, bicarbonate, peripheral white blood
cell count, lymphocyte percentage and albumin; Case-mix, MICS and transplant models
adjusted for all of the above plus donor type, donor age, donor gender, panel reactive
antibody (PRA) titer (last value prior to transplant), number of HLA mismatches, cold
ischemia time, DGF (except when DGF was a dependent variable in logistic regression
models), and extended donor criteria.
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Figure 3.
Odds ratio (95% confidence intervals) of post-transplant delayed graft function (Panel A:
pre-dialysis systolic BP; Panel B: post-dialysis systolic BP, Panel C: pre-dialysis diastolic
BP, Panel D: post-dialysis diastolic BP) across different categories of blood pressure level
using logistic regression analyses in 13,881 long-term dialysis patients who underwent renal
transplantation and who were observed over a 6-year study period (7/2001–6/2007).
Case-mix models adjusted for age, gender, recipient race-ethnicity, diabetes mellitus,
dialysis vintage, primary insurance, marital status, dialysis dose as indicated by Kt/V (single
pool), presence or absence of a hemodialysis catheter, and residual renal function during the
entry quarter and 8 co-morbidities; Malnutrition-inflammation-complex syndrome (MICS)
models adjusted for all of the above covariates plus body mass index, nPCR, serum or blood
concentrations of TIBC, ferritin, calcium, phosphorous, bicarbonate, peripheral white blood
cell count, lymphocyte percentage and albumin; Case-mix, MICS and transplant models
adjusted for all of the above plus donor type, donor age, donor gender, panel reactive
antibody (PRA) titer (last value prior to transplant), number of HLA mismatches, cold
ischemia time, DGF (except when DGF was a dependent variable in logistic regression
models), and extended donor criteria.
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