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ABSTRACT
Increased aortic stiffness is a major factor responsible for the high cardiovascular mortality in
patients with end-stage renal disease, but the impact of kidney transplantation on recipient aortic
stiffness remains poorly defined. The use of expanded-criteria kidney donors is associated with
decreased recipient survival compared with the use of standard-criteria donors, although the
underlying mechanisms are incompletely understood. It was hypothesized that donor characteristics
may affect recipient aortic stiffness, which may contribute to cardiovascular mortality in these
patients. Aortic stiffness was evaluated by measurement of carotid-femoral pulse wave velocity in 74
cadaveric kidney recipients at 3 and 12 mo after transplantation. At 3 mo, aortic stiffness was
associated exclusively with recipient-related factors: Age, gender, and mean BP. At 12 mo, age of
the donor kidney emerged as an additional determinant. The change in aortic stiffness between 3
and 12 mo strongly correlated with donor age; stiffness improved in recipients of young kidneys
(first tertile of donor age) and worsened in recipients of older kidneys (upper tertile of donor age).
At 12 mo, the carotid-femoral pulse wave velocity was �1 m/s higher in recipients of the oldest
kidneys than in the recipients of younger kidneys. The association between donor age and aortic
stiffness was independent of recipient age, gender, mean BP, pretransplantation dialysis duration,
conventional cardiovascular risk factors, medication, posttransplantation events, and GFR. These
results demonstrate that the impact of kidney transplantation on recipient aortic stiffness is depen-
dent on donor age and suggest that ongoing damage to large arteries might contribute to the
mechanism underlying the association of old-donor kidneys and increased cardiovascular mortality.
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Successful renal transplantation confers significant
survival advantage compared with dialysis.1 An im-
portant component of this benefit is long-term reduc-
tion of cardiovascular (CV) progression and mortali-
ty.2 Nonetheless, the annual risk for CV death in
transplant recipients remains 50-fold higher than in
the general population.3 Premature CV death with a
functioning graft is one of the leading factors in reduc-
ing long-term graft survival overall. Thus, reduction
in CV mortality would dramatically improve long-
term results of kidney transplantation.

Large-artery damage is one of the most impor-
tant factors responsible for the high prevalence of
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CV disease in renal patients.4 Carotid-femoral pulse wave
velocity (PWV), a direct, noninvasive, and reproducible
method for estimating aortic stiffness,5 offers a means of
investigating these large-artery changes. PWV has shown an
independent predictive value for total and CV mortality, in
populations both with high6 – 8 and with low CV risk.9 –13 In
patients with ESRD, PWV provides discriminative prognos-
tic power above and beyond conventional CV risk factors.6,7

In transplant patients, increased stiffness of the common
carotid artery predicts the occurrence of CV events.14

More recently, recipient PWV was associated with the com-
bined end point of doubling plasma creatinine and CV
events.15

The impact of kidney transplantation on recipient aortic
stiffness remains poorly defined. Short-term improvement
after living-donor kidney transplantation16 and no change
at 1 yr after cadaveric-kidney transplantation17 have been
described. With the growing shortage of organs, expanded-
criteria-donor (ECD) kidneys are increasingly used for
transplantation. ECD transplantation has been associated
with decreased patient survival when compared with stan-
dard-criteria donors.18 The underlying mechanisms are in-
completely understood. Taking into account the current
large heterogeneity of donor characteristics, we set out
to reevaluate the impact of kidney transplantation on recip-
ient aortic stiffness. In particular, we hypothesized that cer-
tain donor characteristics could independently affect
recipient aortic stiffness. To investigate this hypothesis, we
measured PWV in the short-term, at 3 mo after trans-
plantation, and in the stable state at 1 yr in a contemp-
orary cohort of recipients of a first cadaveric kidney trans-
plant.

RESULTS

Study Population Characteristics and Main
Posttransplantation Events
Baseline characteristics of the study population according to
tertiles of donor age are presented in Table 1. Donor age range
was 17 to 70 yr with a mean of 45.5 � 15.9 yr. Fifteen (20.3%)
donors fulfilled the ECD definition criteria (donor age �60 yr,
or 50 to 59 yr with at least two of the following conditions:
Cerebrovascular cause of death, history of hypertension, and
serum creatinine �130 �mol/L). All of them fell in tertile 3,
which was thus composed of 65% ECD. Other demographic
characteristics, pretransplantation dialysis duration, and CV
risk factors did not differ significantly among groups. The oc-
currence of biopsy-proven acute rejection and new-onset dia-
betes within the first year were similar in the three groups.

Medication
The immunosuppressive regimen consisted of a calcineurin
inhibitor (CNI), mycophenolate mofetil, and steroids in all
patients. The type of CNI, the different classes of antihyperten-
sive medications, and the use of statins were similar in the
various tertiles, at 3 and 12 mo (Table 2).

Renal Function Estimates and Hemodynamic
Parameters
At 3 mo, all patients could be classified as having stage 1 (n �
34) or stage 2 (n � 40) chronic kidney disease (CKD) with a
mean estimated GFR (eGFR) of 65 � 18 ml/min per 1.73 m2.
At 12 mo, all patients but one could be classified as having stage
1 (n � 44) or stage 2 (n � 29) with a mean eGFR of 68 � 22
ml/min per 1.73 m2.

Table 1. Baseline characteristics of the study population and main posttransplantation events, according to tertiles of
donor agea

Characteristic

Donor Age (yr; n � 74)

P<41
(n � 24)

41 to 53
(n � 27)

>53
(n � 23)

Donor age (yr; mean � SD) 28.3 � 7.9 48.1 � 7.4 59.6 � 5.3 0.000
ECD (%) 0 0 65.2
Demographics

recipient age (yr; mean � SD) 46 � 12 47 � 12 50 � 8 0.431
recipient gender (M/F) 13/11 13/14 13/10 0.827
pretransplantation dialysis time (mo; mean � SD) 29 � 20 37 � 32 33 � 28 0.536

CV risk factors
previous diabetes (%) 4.2 11.1 8.7 0.658
hypertension (%) 87.5 88.9 82.6 0.798
current smoking (%) 20.8 11.1 21.7 0.595
dyslipidemia (%) 50.0 48.1 65.2 0.429
previous CVD (%) 4.2 3.7 13.0 0.350
BMI (kg/m2; mean � SD) 23 � 3 22 � 4 22 � 4 0.394

Main posttransplantation events
BPAR (%) 16.6 22.2 13.0 0.690
NOD (%) 21.7 22.2 21.7 0.982

aBMI, body mass index; BPAR, biopsy-proven acute rejection; CVD, CV disease; NOD, new-onset diabetes.
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Not surprising, eGFR tended to be lower and proteinuria
higher in recipients of the oldest kidneys (upper tertile). Over
the entire cohort, we observed a negative correlation between
donor age and eGFR, both at 3 mo (R � �0.323, P � 0.005)
and at 12 mo (R � �0.393, P � 0.001).

At 3 mo, PWV values differed only slightly among groups
(P � 0.039). At 12 mo, intergroup comparison was highly sig-
nificant (P � 0.007), with PWV being �1 m/s higher in the
upper tertile of donor age compared with other recipients (Ta-
ble 3).

Multiple Linear Regression Analysis
PWV According to Donor Age.
At 3 mo, PWV was associated exclusively with recipient-related
factors: Age, mean BP (MBP), and gender. The association with
previous diabetes and current smoking did not reach statistical
significance (P � 0.057 and P � 0.115, respectively). PWV was
not associated with donor age, in either univariate (P � 0.235) or
multivariate analysis (P � 0.566; data not shown).

At 12 mo, PWV was associated with the same three recipient
characteristics. In addition, donor age emerged as a significant
determinant of PWV, both in univariate analysis (R � 0.336,
P � 0.004) and after adjustment for recipient age, gender, and
MBP (P � 0.011). The association between 12-mo PWV and
12-mo eGFR did not reach statistical significance (R � �0.205,
P � 0.080). The strength of the association between donor age
and 12-mo PWV was slightly lowered after further adjustment
for eGFR and current smoking but remained significant (P �
0.03 and P � 0.025, respectively). The association was not af-
fected after further adjustment for pretransplantation dialysis
duration, acute rejection, new-onset diabetes, other CV risk
factors, or medications (Table 4).

Figure 1 displays the relationship between donor age and
12-mo PWV after adjustment for recipient-related parameters
and provides an estimate of the independent quantitative impact
of donor age on recipient aortic stiffness. Adjusted PWV differed
�1 m/s between the two extreme tertiles of donor age (P�0.001).

PWV Change between 3 and 12 Mo According to Donor Age.
PWV change between 3 and 12 mo (�PWV) was highly

variable from patient to patient: PWV increased �.5 m/s in 17
(22%) patients and decreased �0.5 m/s in 17 (22%) patients.
Over the entire population, mean PWV did not change signif-
icantly (data not shown).

In linear regression analysis, individual �PWV was associ-
ated with concurrent MBP change and recipient age. In addi-
tion, it was strongly associated with donor age. This association
was highly significant, both in univariate analysis (P � 0.007)
and after adjustment for recipient age and concurrent MBP

Table 2. Medication according to tertiles of donor agea

Medication

Donor Age (yr; %; n � 74)

P<41
(n � 24)

41 to 53
(n � 27)

>53
(n � 23)

Immunosuppressive agents
cyclosporin A 25.0 14.8 26.1 0.197
tacrolimus 75.0 85.2 73.9 0.557
MMF 100.0 100.0 100.0 NS
steroids 100.0 100.0 100.0 NS

BP- and lipid-lowering agents
ACEI/ARB

3 mo 26.1 17.9 17.4 0.705
12 mo 54.2 51.9 69.6 0.401

CCB
3 mo 45.8 51.9 65.2 0.428
12 mo 50.0 51.9 65.2 0.517

BB
3 mo 45.8 55.6 60.9 0.673
12 mo 54.2 33.3 56.5 0.187

diuretics
3 mo 4.2 3.7 4.3 0.991
12 mo 16.7 18.5 13.0 0.870

statins
3 mo 37.5 25.9 26.1 0.492
12 mo 41.7 29.6 52.2 0.367

aACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor
blockers; BB, � blockers; CCB, calcium channel blockers; MMF,
mycophenolate mofetil.

Table 3. Renal and hemodynamic parameters according to tertiles of donor age

Parameter

Donor Age (yr; Mean � SD; n � 74)

P<41
(n � 24)

41 to 53
(n � 27)

>53
(n � 23)

Renal function estimates
3-mo eGFR (ml/min per 1.73 m2) 70 � 19 68 � 11 60 � 19 0.126
3-mo proteinuria (g/d) 0.17 � 0.19 0.18 � 0.16 0.34 � 0.61 0.261
12-mo eGFR (ml/min per 1.73 m2) 76 � 22 68 � 25 61 � 14 0.063
12-mo proteinuria (g/d) 0.14 � 0.09 0.23 � 0.22 0.34 � 0.47 0.102

Hemodynamic parameters
3-mo PWV (m/s) 9.43 � 1.48 8.79 � 1.37 9.97 � 1.70 0.039
3-mo MBP (mmHg) 93 � 10 95 � 10 94 � 11 0.837
12-mo PWV (m/s) 9.00 � 1.62 8.86 � 1.26 10.25 � 1.98 0.007
12-mo MBP (mmHg) 92 � 9 93 � 9 93 � 11 0.897
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change (P � 0.003). After adjustment for MBP, donor age
contributed to most of the variance of �PWV. This association
was not affected after further adjustment for eGFR and other
potential confounders (Table 5).

The graded impact of donor age on the MBP-independent
component of �PWV is shown in Figure 2. MBP-adjusted

PWV decreased 0.43 m/s between 3 and 12 mo in recipients of
young-donor kidneys (lower tertile of donor age; P � 0.028).
In contrast, PWV increased in recipients of old-donor kidneys
(upper tertile of donor age; P � 0.022).

DISCUSSION

In this longitudinal study, we found an independent associa-
tion between donor age and kidney recipient aortic stiffness at

Figure 1. Carotid-femoral PWV at 12 mo according to tertiles of
donor age. PWV is adjusted for recipient age, gender, and MBP;
data are means � SEM. ANOVA: P � 0.005; post hoc analysis:
Tertile 3 versus 2, P � 0.014; tertile 3 versus 1, P � 0.011. **Tertile
3 versus collapsed tertiles 1 � 2, P � 0.001. Tertiles of donor age:
1 � 17 to 41 yr; 2 � 41 to 53 yr; 3 � 53 to 70 yr.

Table 4. 12-Month carotid-femoral PWV according to
donor agea

Model R2 (%) B 95% CI P

Univariate analysis 11.3 0.0416 0.014 to 0.069 0.004
Multivariate analysis
M � recipient age

� MBP � gender
47.3 0.0289 0.007 to 0.051 0.011

Renal parameters
M � eGFR 47.5 0.0263 0.002 to 0.050 0.030
M � proteinuria 47.1 0.0353 0.011 to 0.060 0.005
M � acute rejection 47.5 0.0247 0.007 to 0.052 0.010
M � pretransplantation

dialysis time
47.5 0.0296 0.007 to 0.052 0.010

CV risk factors
M � current smoking 49.8 0.0261 0.003 to 0.049 0.025
M � diabetes 51.3 0.0354 0.013 to 0.058 0.002
M � previous CVD 48.1 0.0324 0.009 to 0.056 0.008
M � dyslipidemia 47.3 0.0356 0.012 to 0.059 0.012
M � NOD 49.8 0.0244 0.007 to 0.042 0.008

Medications
M � ACEI/ARB 47.3 0.0285 0.006 to 0.051 0.013
M � CCB 49.7 0.0372 0.013 to 0.062 0.004
M � BB 50.0 0.0337 0.011 to 0.057 0.005
M � diuretics 47.6 0.0347 0.012 to 0.057 0.003
M � statins 48.3 0.0292 0.007 to 0.052 0.011

aData are standardized regression coefficients (B) and their 95% confidence
intervals (CI) for the association of donor age and PWV.

Table 5. � PWV according to donor agea

Model R2 (%) B 95% CI P

Univariate analysis 5.9 0.0258 0.007 to 0.044 0.007
Multivariate analysis
M � recipient age� �MBP 57.1 0.0195 0.007 to 0.032 0.003
Renal parameters

M � �eGFR 57.4 0.0259 0.009 to 0.036 0.002
M � proteinuria 62.3 0.0239 0.011 to 0.037 0.000
M � acute rejection 57.1 0.0197 0.007 to 0.033 0.003
M � pretransplantation

dialysis time
57.1 0.0240 0.011 to 0.037 0.000

CV risk factors
M � current smoking 57.7 0.0189 0.006 to 0.032 0.005
M � diabetes 59.2 0.0216 0.009 to 0.035 0.001
M � previous CVD 57.3 0.0212 0.008 to 0.035 0.002
M � dyslipidemia 59.8 0.0213 0.008 to 0.034 0.001
M � NOD 59.6 0.0239 0.011 to 0.037 0.000

Medications
M � ACEI/ARB 57.3 0.0200 0.007 to 0.033 0.003
M � CCB 62.9 0.0192 0.006 to 0.032 0.005
M � BB 64.3 0.0273 0.015 to 0.040 0.000
M � diuretics 63.9 0.0299 0.014 to 0.039 0.000
M � statins 58.0 0.0186 0.006 to 0.031 0.005

aData are standardized regression coefficients (B) and their 95% CI for the
association of donor age and � PWV.

Figure 2. �PWV between 3 and 12 mo according to tertiles of
donor age. �PWV is adjusted for concurrent MBP change; data
are means � SEM. ANOVA: P � 0.014; post hoc analysis: Tertile
3 versus 1, P � 0.015; tertile 2 versus 1, P � 0.093. Tertiles of
donor age: 1 � 17 to 41 yr; 2 � 41 to 53 yr; 3 � 53 to 70 yr.
**Tertile 3 versus Tertile 1.
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1 yr after transplantation. Whereas recipient PWV was associ-
ated exclusively with classical recipient-related parameters in
the short term, 3 mo after transplantation, donor age emerged
as an independent determinant of aortic stiffness at 1 yr. Aortic
stiffness change within the first year was strongly and indepen-
dently related to donor age. Aortic stiffness improved in recip-
ients of young-donor kidneys, whereas it worsened in recipi-
ents of old-donor kidneys. As a result, after adjustment for
recipient characteristics, PWV at 1 yr was �1 m/s higher in
recipients of old-donor kidneys compared with other patients.

Few studies have evaluated the determinants of aortic stiff-
ness in stable-state kidney recipients. In a recent cross-sec-
tional study, Kneifel et al.19 found that kidney-recipient arterial
stiffness, as evaluated by means of applanation tonometry at a
mean of 17 mo after transplantation, was independently asso-
ciated with allograft function and donor age. Our study not
only confirms this result but also provides a direct estimate of
central arterial stiffness through the generally accepted “gold
standard” PWV5 and comprehensively adjusts for potential
confounders within the framework of a longitudinal design.

We found that donor age was a significant determinant of
individual PWV change within the first year after transplanta-
tion. To the best of our knowledge, there are only two pub-
lished studies with serial assessment of PWV after kidney
transplantation. One study showed a short-term improvement
at 3 mo16 in living-donor kidney recipients and the second
study showed no change at 1 yr in deceased-donor kidney re-
cipients17 when PWV was adjusted for MBP. The two studies
each had only a small number of patients and did not assess the
determinants of individual arterial stiffness change. PWV
change with time must always be interpreted in light of con-
current MBP change, because, in addition to structural ele-
ments within the arterial wall and vascular smooth muscle
tone, aortic stiffness is related to distending pressure.20 In our
study, after adjustment for MBP, �PWV was strongly and pri-
marily associated with donor age. This association was not af-
fected after further adjustment for potential confounders such
as recipient age, pretransplantation dialysis duration, conven-
tional CV risk factors, allograft function estimates, and medi-
cations; therefore, this result is a strong indication of an influ-
ence of donor age on the arterial wall. In this respect, the
contrasting isobaric change in PWV in the two extreme tertiles
of donor age is striking. It shows for the first time that the
mechanical properties of large arteries can improve after ca-
daveric-kidney transplantation. Furthermore, this result indi-
cates that, at least within the first year, the benefit of kidney
transplantation on the arterial wall seems to be mainly deter-
mined by donor age, excluding recipients of oldest donor kid-
neys.

One-year adjusted PWV was �1 m/s higher in recipients of
old-donor kidneys compared with other patients. A 1-m/s in-
crease in PWV is expected to increase CV mortality by 5% in
patients with low CV risk12,13 and total mortality as much as
39% in patients with high CV risk and ESRD.6 Although ECD
transplantation confers survival advantage compared with re-

maining on dialysis,21,22 it has been associated with decreased
patient survival when compared with standard-criteria do-
nors.18 The underlying mechanisms of this association are un-
known. With stiffening of large arteries, the reflected pressure
wave reaches the heart in systole instead of diastole, potentially
causing both increased cardiac afterload and reduced coronary
filling.20 We propose that ongoing damage to large arteries or
lack of improvement of arterial mechanical properties in recip-
ients of old-donor kidneys could be a significant mechanism
linking ECD transplantation, CV events, and lower recipient
survival.

The clinical relevance of this hypothesis is emphasized by
the recent demonstration that certain treatment options, such
as high dosages of angiotensin-converting enzyme inhibitors,
can improve arterial stiffness independent of concurrent MBP
change.23,24 It would seem that both arterial stiffness and MBP
must be reduced in renal patients: A previous study, in which a
reduction in BP without any concomitant reduction in arterial
stiffness, was associated with an adverse outcome.25 In the con-
text of organ shortage, ECD kidneys currently account for 15 to
20% of deceased-donor kidneys transplanted.18 We suggest
that the simple assessment of aortic stiffness could be a pre-
cious tool for identifying patients with increasing CV risk
within the first year, enabling targeted interventions. Data to
confirm the benefit of such strategy are required.

Despite a negative correlation between donor age and
eGFR, the association between allograft function and PWV did
not reach statistical significance. Allograft function was good
in our cohort. Although the relationship between severe reduc-
tion of GFR and aortic stiffness is well documented,26 there is a
lack of concordance in results in patients with mild to moder-
ate renal insufficiency.27–29 Importantly, in this study the asso-
ciations between donor age and 12-mo PWV, as well as
between donor age and �PWV, were not affected after adjust-
ment for allograft function.

This finding raises an intriguing question concerning
GFR-independent mechanisms that possibly relate donor
age to recipient aortic stiffness. In the context of transplan-
tation, both immunologic and nonimmunologic character-
istics of old-donor kidneys must be considered. Old-donor
kidneys have been shown to intensify the early immune re-
sponse.30 Immunologic changes induced by the presence of
a graft might be observed, thickening the intima and oblit-
erating the vasa vasorum of the recipient aorta, as previ-
ously reported in cardiac transplants.31 In this study, the
upper tertile of donor age group was composed of 65%
ECD. It is known that past hypertension and a cerebrovas-
cular cause of death have been associated with vascular
histologic alterations of the graft, which may affect renal
renin-angiotensin system activity. Whether a significant
correlation between vascular histologic alterations in the
graft and recipient arterial stiffness can be found early after
transplantation is the object of an ongoing study. Finally, it
is tempting to speculate on the role of age-related alter-
ations in the metabolic or endocrine function of the kidney,
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because, in addition to the renin-angiotensin system, other
renal hormones may affect large-artery mechanical proper-
ties.32,33

The pathophysiologic relevance of our study is not re-
stricted to kidney transplantation but should rather be placed
within the general framework of interactions between kidney
and the cardiovascular system. The cross-sectional design of
previous studies showing a negative correlation between arte-
rial stiffness and kidney function have not allowed investiga-
tors to establish a cause-and-effect relationship between kid-
ney characteristics and arterial wall properties.26 Kidney
transplantation provides an ideal model for assessing time-
dependent interactions between the kidney and the CV system.
Regarding this important issue, this study provides a strong
indication that large-artery mechanical properties can be in-
fluenced by kidney characteristics. We showed that 1-yr aortic
stiffness was significantly increased in recipients of old-donor
kidneys (donor age �53 yr) compared with other patients.
This result is reminiscent of the findings of large longitudinal
studies showing that, in the general population, the 50- to
55-yr age bracket is the threshold when pulse pressure begins
to increase steeply as a consequence of increased aortic stiff-
ness.34 Whether age-related kidney alterations could be, at least
in part, implicated in the age-dependent increase in aortic stiff-
ness in the general population requires further studies.

Our study had several limitations. First, pretransplantation
PWV was not available, and we cannot exclude a very short-term
change in PWV within the first 3 mo; however, such a change
would not have modified the interpretation of our main results,
which was the emergence of donor age as an independent deter-
minant of 1-yr stable-state recipient aortic stiffness. Second, the
sample size was relatively small. A type II error could have pre-
cluded the identification of a selection bias for recipients of old-
donor kidneys in the intertertile comparisons; however, in multi-
ple linear regression analysis performed over the entire cohort,
donor age remained strongly associated with PWV after adjust-
ment for all potential confounders.

In conclusion, our longitudinal study showed that donor
age independently affects recipient aortic stiffness change
within the first year after kidney transplantation and emerges
as an independent determinant of stable-state recipient aortic
stiffness at 1 yr. Ongoing damage to recipient large arteries
could be a significant pathophysiologic mechanism linking
old-donor-kidney transplantation, increased CV risk, and de-
creased recipient survival. Additional studies are needed to
identify the GFR-independent pathophysiologic link between
donor age and recipient aortic stiffness and to evaluate the
potential benefit of targeted therapeutic interventions.

CONCISE METHODS

Patients
Seventy-four (44%) of 168 consecutive recipients of a first cadaveric

kidney transplantation performed in the Transplantation Unit of

Foch Hospital between 2002 and 2005 were studied. Patients were

eligible for inclusion when they were younger than 65 yr, had no

recent history of CV disease or acute illness, and agreed to participate

in the study, which was approved by our institutional review board.

Patients with living-donor kidney transplantation, double-kidney

transplantation, and multiorgan transplantation were not eligible for

inclusion. Patients with graft failure (eGFR �15 ml/min per 1.73 m2

body surface area) before the end of the first year were excluded.

All patients were studied twice on an outpatient basis, 3 and 12 mo

after renal transplantation. They underwent physical examination

and standard laboratory and arterial measurements. Information on

past and present CV risk factors, main posttransplantation events

(biopsy-proven acute rejection and new-onset diabetes), and medica-

tion were collected.

Renal Function Estimates
The simplified Modification of Diet in Renal Disease (MDRD) equa-

tion was used for estimation of the GFR. Validation of the method in

renal transplant recipients has been published in detail elsewhere.35

Values were expressed in ml/min per 1.73 m2. Proteinuria was deter-

mined on a 24-h urine collection.

Arterial Parameters
Patients were examined in a quiet, temperature-controlled room, and

measurements were performed by a single operator (M.C.), who was

blinded to donor characteristics. BP was measured after 15 min of rest

in a supine position using a mercury sphygmomanometer and a cuff

of appropriate size. Systolic BP (SBP) was defined as the onset of

Korotkoff sounds (phase I). Diastolic BP (DBP) was defined as their

disappearance (phase V). The average of three consecutive measure-

ments was calculated. MBP was calculated as MBP � DBP � (SBP �

DBP)/3.

PWV was measured along the descending thoraco-abdominal

aorta using the foot-to-foot velocity method with an automatic device

(Complior, Artech Medical, Pantin, France). This method enables

online pulse wave recording and automatic calculation of PWV by

dividing the distance between carotid and femoral measurement sites

by the transit time of the wave. Validation of this method and its

reproducibility have been previously reported, with intraobserver and

interobserver repeatability coefficients of 0.935 and 0.890, respective-

ly.36 PWV was defined as the mean of four determinations.

Statistical Analysis
Statistics were performed using SPSS 11.0 for Windows package soft-

ware (SPSS, Chicago, IL). Descriptive statistics were used to evaluate

recipient-, donor-, and transplantation-related characteristics. Quan-

titative data are expressed as means � SD and as percentage for cate-

gorical variables. Data are presented according to tertiles of donor age.

Differences between tertiles were tested using an F test for continuous

variables and �2 test for categorical variables. Bonferroni test was used

for post hoc analysis of differences between continuous variables. Dif-

ferences in hemodynamic parameters between 3 and 12 mo were

tested using a paired t test. A two-sided P � 0.05 was considered to

indicate statistical significance.

Simple and multiple linear regression analyses were used to inves-
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tigate the associations between PWV and donor age. We examined

donor age as a continuous variable. Associations were first analyzed

without adjustments and then with adjustments for potential con-

founders. The main physiologic determinants of aortic stiffness are

recipient age, MBP, and gender.20 These parameters contributed to 30

to 40% of variance in PWV in our cohort. For these reasons, they were

considered first in the adjusted models. Other potential confounders

tested included pretransplantation dialysis duration, traditional CV

risk factors (current smoking, previous diabetes, previous CV disease,

dyslipidemia, and previous hypertension), estimates of renal function

(eGFR and proteinuria), transplantation-related parameters (acute

rejection and new-onset diabetes), and medication with potential im-

pact on aortic stiffness (CNI, antihypertensive medications, and

statins). Two-sided P � 0.05 was considered statistically significant.
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