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Introduction. Arterial stiffness parameters can be used 
as a predictor of cardiovascular events in the general 
population and renal transplant recipients (RTRs). Ad-
ditionally, the renin-angiotensin-aldosterone-system 
(RAAS) blockade mitigates arterial stiffness in the gen-
eral population. There are no sufficient data concerning 
the role of the RAAS blockade in reducing arterial stiff-
ness among patients after kidney transplantation. The 
aim of this study is to assess the influence of the above 
blockade on arterial stiffness in RTRs. Methods. 344 sta-
ble RTRs were enrolled in the study. 204 (59.3%) of them 
received RAAS blockers (angiotensin convertase inhibi-
tors – ACEIs or angiotensin receptor blockers – ARBs): 
group RAAS (+), and 140 (40.7%) were not treated with 
such agents: group RAAS (–).  Results. In the RAAS (+) 
group, 55.9% of the patients used ARBs and 44.1% 
ACEIs. Cardiovascular disease (coronary artery disease 
and/or peripheral obliterans artery disease) (27.9% 
vs 14.3%, p<0.05), and heart failure (27.4% vs 24.3%, 
p<0.05) were significantly more often diagnosed in the 
RAAS (+) group when compared to the RAAS (–) group. 
Systolic blood pressure, diastolic blood pressure and all 
arterial stiffness parameters (baPWV, cfPWV, pulse pres-
sure) did not differ significantly between the RAAS (+) 
and RAAS (–) groups. The results revealed that cardio-
vascular disease in patients was associated with a sig-
nificant increase in both, the PWV and pulse pressure. 
No difference  between the arterial stiffness parameters 
was observed in patients with a cardiovascular disease, 
diabetes and heart failure in the RAAS (+) and RAAS (–) 
groups. Moreover, beta-blockers and diuretics amelio-
rated the arterial stiffness parameters. Conclusions: This 
study showed the indication bias of the RAAS prescrip-
tion, and no conclusion on the influence of RAAS on ar-
terial stiffness can be drawn. The results indicated diu-
retics and beta-blockers as agents lowering the arterial 
stiffness in RTRs.
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INTRODUCTION

Kidney transplantation (KTx) is the optimal form of 
renal replacement therapy in patients with end-stage re-
nal disease. During the last decades, although the trans-
plantation procedures and immunosuppressive treatment 
have improved, the patients still live shorter than the 
general population. The most common causes of death 
among renal transplant recipients (RTRs) are cardiovas-
cular diseases (Kim et al., 2015). The cardiovascular com-
plications in RTRs are not only associated with standard 
risk factors, but also with non-traditional factors, such 
as immunosuppressive therapy, earlier dialysis therapy, 
proteinuria, inflammation or anemia, specific for this 
population. The higher value of arterial stiffness is the 
consequence of the risk factors, and it can lead to a car-
diovascular disease (CVD) (Boutouyrie et al. 2015, Hold-
aas et al., 2017). 

Estimation of aortic stiffness can be made by meas-
urement of the pulse wave velocity (PWV) as a direct, 
noninvasive method. According to the literature, the 
PWV value was related to all-cause and cardiovascu-
lar mortality (Laurent et al. 2006; Laurent et al., 2001; 
Mattace-Raso et al., 2006).  In RTRs, increased stiffness 
predicts the incidence of cardiovascular episodes and the 
deterioration of renal graft function (Barenbrock et al., 
2002; Bahous et al., 2004). 

Scientific data showed the potential clinical benefits 
of angiotensin-converting enzyme inhibitors (ACEIs) or 
blockers of angiotensin receptor (ARBs) in chronic kid-
ney disease.  

Silvariño and others (Silvariño et al,. 2019) presented 
that administration of ARBs and ACEIs is associated 
with a slower CKD progression and a more significant 
proteinuria reduction in an observational study in KTx 
patients. 

Additionally, in a chronic kidney disease group, the 
inhibition of the renin-angiotensin-aldosterone system 
(RAAS) independently resulted in the reduction of hy-
pertension and PWV (Frimodt-Møller et al., 2012).

The majority of RTRs have graft failure after trans-
plantation. This is associated with chronic allograft ne-
phropathy, transplant glomerulopathy, recurrent and de 
novo renal disease, and immunosuppressive drug toxic-
ity. Therefore, a nephroprotection treatment should be 
administered to slow down the decline of the graft func-
tion. The therapy must consist of  appropriate immuno-
suppression, the blood pressure and lipid control, and 
the use ACEIs or ARBs (Seron et al., 2001).
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After kidney transplantation, the above agents are 
used not only because of hypertension but also to re-
duce proteinuria and for treating post-transplant erythro-
cytosis (Vlahakos et al., 2003) Nowadays, there is no suf-
ficient knowledge concerning post-transplantation ACEIs 
or ARBs therapy in comparison to other antihyperten-
sive agents reducing arterial stiffness.

Therefore, we performed this study concerning the 
administration of RAAS blockade and its influence on 
aortic stiffness in RTRs. 

METHODS

344 stable RTRs, transplanted between 1994 and 2018, 
which were treated in the outpatient unit of the Depart-
ment of Nephrology Charité-Universitätsmedizin Berlin, 
Germany, between February and July 2018, and were en-
rolled in the study, and also signed a written consent. 
The research was approved by the Ethics Committee of 
Charité – Universitätsmedizin Berlin (EA 1/252/17).

Patients gave their written informed consent. The 
study was conducted under the Declaration of Helsinki. 

The information concerning demographic data, immu-
nosuppressive treatment, renal transplantation, cardiovas-
cular and diabetic status was obtained from the patients’ 
medical files. Additionally, the schedule of hypertensive 
treatment was analyzed, including administration of 
ACEIs and ARBs or aldosterone antagonists. Laboratory 
data, such as the levels of serum creatinine, potassium, 
hemoglobin, proteinuria, albuminuria and NT-proBNP 
(N-terminal pro-B type natriuretic peptide) was obtained 
from medical records. 

Additionally, the arterial stiffness parameters: brachial-
ankle and carotid-femoral pulse wave velocity (baPWV 
left and right, cfPWV), ankle-brachial index, pulse pres-
sure, pulsatile stress test left and right (pulsatile stress 
test=heart rate × pulse pressure) and blood pressure, 
were assessed in each patient using the ABI system 100 
(Boso Bosch and Sohn, Germany) [12].

Statistical analyses. Statistical analyses were per-
formed using the STATISTICA 13.0 PL for Windows 
software package. Categorical variables are presented as 
absolute numbers (percentages). Continuous variables are 
presented as mean value ± standard deviation (S.D.) or 
as the median and interquartile range (IQR) for highly 
skewed variables. Differences in the distribution of 
continuous variables were assessed using the t-tests or 
Mann-Whitney U-test, respectively. The Chi-squared test 
was used for categorical variables. Pearson correlation 
coefficients were calculated to assess the linear associa-
tion between continuous variables. Additionally, a linear 
regression model was used to evaluate the relationship 
between a dependent variable and one or more inde-
pendent variables. 

The Shapiro-Wilk test was used to assess normality of 
the continuous variables. In all statistical tests, a p-value 
<0.05 was considered as statistically significant.

RESULTS

Study population characteristics

Overall, 344 patients were enrolled in the study. The 
study population was divided into two groups based on 
the use of RAAS blockade. 204 (59.3%) and 140 (40.7%) 
RTRs were qualified to the RAAS (+) and RAAS (–) 
groups, respectively. 

In the group of RAAS (+), as compared to RAAS 
(-), there were more patients with CVD  (coronary ar-
tery disease and/or peripheral obliterans artery disease) 
(27.9% vs 14.3%, p<0.05), heart failure (27.4% vs 24.3%, 
p<0.05) and diabetes (20% vs 17.1%, p-ns). Moreover, 
there were significantly more males in the RAAS (+) 
group (p<0.05). The mean age in the RAAS (+) group 
was higher (54 vs 50.8 years, p-ns), as compared to 
RAAS (–) patients.

General characteristics of the participants are sum-
marized in Table 1. The main causes of end-stage renal 
disease in the study population were glomerulonephritis, 
tubulointerstitial nephropathy and polycystic kidney dis-
ease. In the RAAS (+) group, the average serum cre-
atinine (1.58 vs 1.36 mg/dl, p<0.05) was higher and it 
resulted in lower estimated glomerular filtration rate 
(eGFR CKD-EPI) (47.9 vs 54ml/min/1.73m2, p<0.05), 
as compared to the RAAS (-) group. On the other hand, 
proteinuria (197 vs 157 mg/day) and albuminuria (67 vs 
28 mg/day) were significantly higher in the RAAS (+) 
group participants. The levels of albumin in the blood 
and hemoglobin were similar in both groups. 

Renal replacement therapy time before transplantation 
was similar for both groups, but the time after transplan-
tation was longer (95.5 vs 54.5 months, p<0.05) in the 
RAAS (+) group.

Immunosuppressive regimen in the study population

Calcineurin inhibitors were used in 83.1%. Cyclo-
sporine was administered in 27.5% vs 12.1% (p<0.05) 
and tacrolimus 52.9% vs 75% (p<0.05) in the RAAS (+) 
and RAAS (–) groups, respectively. 

There was no significant difference observed in terms 
of mycophenolate mofetil, mycophenolate sodium, aza-
thioprine, mTOR inhibitors, and belatacept administra-
tion between both groups.

Hypertensive regimen and erythropoietin treatment in 
the study population

Calcium channel blockers were administered in 52% vs 
37.1% (p<0.05) and diuretics 42.2% vs 24.3% (p<0.05) in 
the RAAS (+) and RAAS (–) groups, respectively. 

Around 70% of RTRs received beta-blockers; the 
groups did not differ in that respect. 

There was some difference in erythropoietin admin-
istration, 27.4% vs 15% (p=0.07) in the RAAS (+) and 
RAAS (–) groups.

Overall, 59.3% of screened RTRs had received the 
RAAS blockade. 55.4% of them used ARBs, and 44.6% 
used ACEIs. The majority of patients treated with ARBs 
or ACEIs received candesartan and ramipril. The mean 
dose of ARBs and ACEIs was 0.25 and 0.5 of their 
maximal recommended doses, respectively. 

According to data in the patients’ medical files, 
the most common indications for RAAS blockade 
were CVD (74%),  diabetes (63.9%), and proteinuria 
>150mg/g creatinine (63%). 

Additional details concerning comorbidities, immuno-
suppressive, antihypertensive and erythropoietin treat-
ments are presented in Table 1.

Blood pressure control and arterial stiffness in the 
study population

In the study population, the mean value of sys-
tolic blood pressure and diastolic blood pressure on 
the right and left arm was 140.7 mmHg, 139.6 mmHg,  
85.8 mmHg, and 85.7 mmHg (p-ns), respectively. Addi-
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Table 1. Characteristics of the study population 

Total study population RAAS (+) RAAS (-) P
RAAS+ vs RAAS-

n (%) 344 204 (59.3) 140 (40.7) <0.05

Sex F n (%) 
M n (%)

129 (37.5)
215 (62.5)

70 (34.3)
134 (65.7)

59 (42.1)
81 (57.9) ns

Age (years) Mean value + S.D. 52.7 + 13.9 54.0 + 13.7 50.8 + 14.1 ns

BMI (kg/m2) 25.62 + 4.78 25.94 + 4.41 25.16 + 5.25 ns

Weight (kg)
Median (IQR)

75.5
(63.7-86.2)

77.8 
(65.6-88.2)

73.9
(61.2-84.4) <0.05

Diabetes mellitus n (%)
(any type 1, 2, NODAT) 65 (18.4) 41 (20) 24 (17.1) ns

Cardiovascular disease n (%) (CAD, POAD) 77 (22.4) 57 (27.9) 20 (14.3) <0.05

Heart failure n (%) 90 (26.2) 56 (27.4) 34 (24.3) <0.05

Hypertension n (%) 298 (86.6) 183 (89.7) 115 (82.1) ns

Reasons of ESRD and KTx: n (%)

- primary glomerulonephritis 186 (54.1) 113 (55.4) 73 (52.1) ns

- diabetic nephropathy 5 (1.5) 4 (2 ) 1 (0.7) ns

- polycystic kidney disease 56 (16.3) 30 (14.7) 26 (18.6) ns

- tubulointerstitial nephritis 70 (20.3) 41 (20.1) 29 (20.7) ns

- hypertensive nephropathy 18 (5.2) 13 (6.4) 5 (3.6) ns

- unknown etiology 10 (2.9) 3 (1.5) 7 (5 ) ns

Time of RRT (months)
before transplantation
Median (IQR)

58.5
(19-97)

50
(19-90.5)

69
(21-108.5) ns

Time after Ktx (months)
Median (IQR)

73
(28-140)

95.5
(51-171.5)

54.5
(12-91.25) <0.05

Preemptive KTx
n (%) 46 (13.4) 26 (12.7) 20 (14.3) ns

Serum creatinine level (mg/dl)
Median (IQR)

1.47
(1.19-1.92 )

1.58
(1.22-2.04)

1.36
(1.16-1.81) <0.05

eGFR CKD-EPI
(ml/min/1.73m2)
Mean value + S.D.

50.4 + 19.8 47.9 + 19.4 54.0 + 20.0 <0.05

Potassium mmol/l
Mean value + S.D. 4.3 + 0.6 4.5 + 0.6 4.2 + 0.5 <0.05

Hemoglobin g/dl
Mean value + S.D. 12.7 + 1.7 12.6 + 1.6 12.8 + 2.0 ns

Albumin g/l
Mean value + S.D. 43.46 + 3.28 43.33 + 3.41 43.64 + 3.09 ns

Albuminuria mg/day
Median (IQR)

1.5
(9.3-145)

67
(11-236)

28
(8-75) <0.05

Proteinuria mg/day
Median (IQR)

171
(114-380)

197
(114-571)

157
(111-237) <0.05

Albuminuria≥30 mg/g creatinine 109 (31.7) 65 (31.9) 44 (42.1) ns

Proteinuria≥150 mg/g creatinine 109 (31.7) 72 (35.3) 37 (26.4) ns

Logarithm of NT-PRO-BNP
Mean value + S.D. 5.74 + 1.41 5.90 + 1.47 5.51 + 1.28 ns

Cyclosporine n (%) 73 (21.2) 56 (27.5 ) 17 (12.1) <0.05

Tacrolimus n (%) 213 (61.9) 108 (52.9 ) 105 (75.0) <0.05

Steroids n (%) 176 (51.2) 92 (45.1 ) 84 (60.0) <0.05
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tionally, systolic blood pressure, diastolic blood pressure 
and all arterial stiffness parameters (baPWV, cfPWV, 
pulse pressure) did not differ significantly between the 
RAAS (+) and RAAS (–) groups (Table 2).

Among the study population, there were 38% of RTRs 
with cfPWV higher than 8.1 m/s. There were 39.7% and 
35% of patients in the RAAS(+) and RAAS(–) groups, 
respectively.

Arterial stiffness parameters and CVD, heart failure and 
diabetes

Univariate and multivariate analysis

The results revealed that the presence of CVD in pa-
tients was associated with a significant increase in both, 

the PWV and pulse pressure, in univariate and mul-
tivariate analysis (Table 3a, b). There was no influence 
of diabetes, heart failure, proteinuria, albuminuria, re-
nal function (creatinine level, eGFR), time of RRT and 
time after transplantation on the pulse pressure values 
(Table 3a). On the other hand, diabetes, heart failure, 
and eGFR significantly affected the pulse wave velocity. 
There was no influence of the creatinine level, albumi-
nuria, and proteinuria on the pulse wave velocity in the 
study population (Table 3b). Both analyses showed the 
positive effect of beta-blockers and diuretics on arterial 
stiffness parameters. In the contrast, calcium channel 
blockers decreased the pulse pressure, but there was no 
effect on the pulse wave velocity. Moreover, erythropoi-
etin administration did not influence the arterial stiffness 
parameters in analyzed RTRs (Table 3a, b). 

MMF n (%) 150 (43.6) 82 (40.2) 68 (48.6) ns

MPS n (%) 172 (50) 108 (52.9) 64 (45.7) ns

AZA n (%) 5 (1.5) 2 (1.0) 3 (2.1) ns

mTOR n (%) 10 (2.9) 6 (2.9) 4 (2.9) ns

Belatacept n (%) 41 (11.9) 28 (13.7) 13 (9.3) ns

Calcium channel blockers n (%) 158 (45.9) 106 (52.0) 52 (37.1) <0.05

Beta blockers n (%) 242 (70.3) 146 (71.6) 96 (68.6) ns

Diuretics n (%) 120 (34.9) 86 (42.2) 34 (24.3) <0.05

EPO n (%) 67 (19.5) 56 (27.4) 21 (15) 0.07

Abbreviations: RAAS, renin angiotensin aldosteron system; RTR, renal transplant recipient; BMI- body mass index; CAD, coronary artery disease; 
RRT, renal replacement therapy; POAD, peripheral obliterans artery disease; ESRD, end stage renal disease; KTx, kidney transplantation; NODAT, 
new onset diabetes after transplantation; MMF, mycophenolate mofetil; MPS, mycophenolate sodium; AZA, azathioprine; EPO, erythropoietin; SD, 
standard deviation; IQR, interquartile range

Table 2. Blood pressure and arterial and stiffness parameters.

Total study population RAAS (+) RAAS (-) P
RAAS+ vs RAAS-

 n (%) 344 204 (59.3) 140 (40.7) <0.05

Systolic blood pressure right arm (mmHg)
Mean value + S.D. 140.7+17.7 141.1+17.5 139.9+18.0 ns

Systolic blood pressure 
left arm (mmHg)
Mean value + S.D.

139.6+20.1 140.2+20.3 138.9+19.9 ns

Diastolic blood pressure right arm (mmHg)
Mean value + S.D. 85.8+10.3 85.8+10.6 85.8+9.7 ns

Diastolic blood pressure left arm (mmHg)
Mean value + S.D. 85.7+10.9 85.7+11.9 85.6+9.3 ns

Pulse pressure
right arm (mmHg)
Mean value + S.D.

54.6+14.7 54.9 +15.3 54.0+13.8 ns

Pulse pressure
left arm (mmHg)
Mean value + S.D.

54.0+15.9 54.5+16.3 53.3+15.3 ns

ba PWV right (m/s)
Median (IQR)

11.8
(10.7-13.3)

11.9
(11.0-14.0)

11.7
(10.5-12.8) ns

ba PWV left (m/s) 
Median (IQR)

12.0
(10.9-13.5)

11.9
(10.9-13.8)

12.1
(10.6-13.2) ns

cf PWV (m/s)
Median (IQR)

7.9
(6.9-9.5)

8
(6.9-10.1)

7.8
(6.6-8.7) <0.05

Abbreviation: ABI, ankle brachial index; PWV, pulse wave velocity; SD, standard deviation; IQR, interquartile range
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Table 3. Linear regression results for arterial stiffness parameters: pulse pressure (a) and pulse wave velocity (b).

(a) Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

Parameter Pulse pressure right Pulse pressure left

Model 1

Coefficient p Coefficient p Coefficient p Coefficient p

CVD 5.38 <0.0001 5.29 <0.001 6.73 <0.001 4.40 <0.05

DM 0.09 0.95 0.11 0.94 0.66 0.65 0.39 0.81

HF 0.12 0.91 0.63 0.59 1.22 0.59 0.02 0.98

Model 2

creatinine level mg/dl 2.51 0.05 1.25 0.75 1.55 0.25 4.40 0.30

eGFR CKD-Epi -0.10 0.05 -0.15 0.22 -0.05 0.15 -0.21 0.13

Albuminuria mg/day 0.0007 0.79 0.006 0.67 0.001 0.64 0.009 0.54

Proteinuria
mg/day 0.0001 0.57 0.005 0.65 0.0003 0.34 0.008 0.51

Model 3

Time RRT 0.03 0.06 0.04 <0.05 0.02 0.25 0.02 0.22

Time after KTx 0.02 0.05 0.02 0.05 0.02 0.18 0.01 0.20

Model 4

Beta blockers -3.41 <0.001 -2.72 <0.001 -3.02 <0.005 -2.13 <0.05

Calcium channel blockers -3.11 <0.001 -2.61 <0.001 -3.79 <0.001 -3.39 <0.001

diuretics -2.15 <0.05 -0.95 0.38 -2.40 <0.05 -1.26 0.26

EPO 0.16 0.90 0.24 0.69 0.17 0.90 0.54 0.29

(b) Univariate analysis Multivariate  
analysis

Univariate  
analysis

Multivariate ana-
lysis

Univariate ana-
lysis

Multivariate ana-
lysis

Parameter baPWV right baPWV left cfPWV 

Model 1

Coefficient p Coeffi-
cient p Coeffi-

cient p Coeffi-
cient p Coeffi-

cient p Coeffi-
cient p

CVD 1.18 <0.001 1.14 <0.0001 1.05 <0.001 1.03 <0.0001 1.19 <0.001 0.96 <0.0001

DM 0.64 <0.05 0.52 <0.05 0.65 <0.05 0.52 <0.05 0.57 <0.05 0.45 <0.05

HF 0.50 <0.005 0.28 0.09 0.55 <0.005 0.35 0.06 0.49 <0.005 0.31 0.06

Model 2

creatinine 
level mg/
dl

0.21 0.30 1.07 0.06 0.14 0.49 0.98 0.12 0.13 0.46 1.01 0.06

eGFR  
CKD-Epi -0.03 <0.001 -0.07 <0.001 -0.02 <0.001 -3.11 <0.005 -0.03 <0.001 -0.06 <0.005

Albumi-
nuria mg/
day

0.0002 0.61 0.002 0.89 0.0004 0.35 0.0004 0.85 0.0003 0.41 0.0008 0.97
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Proteinuria
mg/day 0.0002 0.57 0.002 0.69 0.0003 0.34 0.0002 0.92 0.0003 0.37 0.0005 0.75

Model 3

Time RRT 0.005 0.08 0.005 0.05 0.003 0.25 0.004 0.21 0.004 0.10 0.005 0.07

Time after 
KTx 0.0001 0.94 0.0005 0.78 0.0001 0.91 0.0002 0.93 0.02 0.98 0.0002 0.89

Model 4

Beta bloc-
kers -0.56 <0.001 -0.43 <0.005 -0.69 <0.0001 -0.52 <0.005 -0.57 <0.0001 -0.44 <0.005

Calcium 
channel 
blockers

-0.13 0.39 -0.002 0.98 -0.12 0.46 -0.06 0.67 -0.09 0.50 -0.05 0.71

diuretics -0.71 <0.0001 -0.59 <0.005 -0.91 <0.0001 -0.76 <0.0001 -0.76 <0.0001 -0.64 <0.0001

EPO 0.23 0.27 0.29 0.13 0.17 0.42 0.26 0.19 0.21 0.26 0.28 0.10

Abbreviations: CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; HF, heart failure;  RRT, renal replacement therapy; KTx, kid-
ney transplantation; DM, diabetes; EPO, erythropoietin; baPWV, brachial ankle pulse wave velocity; cfPWV, carotid femoral pulse wave velocity

Table 4. Blood pressure and arterial stiffness parameters in CVD, HF and Diabetes patients with or without RAAS blockers. 

Total study population RAAS (+) RAAS (-) P
RAAS+ vs RAAS-

n (%)  
CVD (+) 77 57 (74) 20 (26) <0.05

Systolic blood pressure right arm (mmHg) 
Mean value  + S.D. 145.5 + 18.6 145.6 + 18.6 145.1 +19.6 ns

Systolic blood pressure  
left arm (mmHg) 
Mean value  + S.D.

148.4 + 26.1 148.4 + 28.0 148.6 + 21.4 ns

Diastolic blood pressure right arm (mmHg) 
Mean value  + S.D. 81.4 + 10.4 80.9 + 10.1 83 + 11.6 ns

Diastolic blood pressure left arm (mmHg) 
Mean value  + S.D. 83.1 +11.8 82.7 + 12.5 84.2 + 10 ns

Pulse pressure 
right arm (mmHg) 
Mean value  + S.D.

63.2 +17.5 63.5 + 17.6 62.1 + 18 ns

Pulse pressure 
left arm (mmHg) 
Mean value  + S.D.

65.3 + 21.4 65.7 + 22 64.4 + 20.9 ns

ba PWV right (m/s) 
Median (IQR)

14.7  
(12.7-15.9)

15 
(12.7-16)

12.9 
(12.4-15.3) ns

ba PWV left (m/s) 
Median (IQR)

14.1  
(12.6-16,0)

14.4  
(12.6-16.3)

13.2 
(13-15.8) ns

cf PWV (m/s)  
Median (IQR)

10.5  
(8.45-11.9)

10.6 
(8.7-12.2)

8.6 
(8-10.8) ns

n (%) 
Diabetes (+) 65 41 (63.1) 24 (36.9) <0.05

Systolic blood pressure right arm (mmHg) 
Mean value  + S.D. 143.9 + 18.6 145.9 + 18.8 140.4 + 18.3 ns

Systolic blood pressure  
left arm (mmHg) 
Mean value  + S.D.

144.9 + 24.2 149.5 + 25.8 138.7 + 21.1 ns

Diastolic blood pressure right arm (mmHg) 
Mean value  + S.D. 84.5 + 8.6 83.7 + 8.4 85.9 + 8.8 ns

Diastolic blood pressure left arm (mmHg) 
Mean value  + S.D. 84.6 + 11.4 83.9 + 10.9 85.5 + 12.2 ns

Pulse pressure 
right arm (mmHg) 
Mean value  + S.D.

59.4 + 16.9 62.1 + 18.4 54.5 + 13.1 ns
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No difference was observed in SBP, DBP, and arte-
rial stiffness between patients with CVD, diabetes, and 
HF treated with RAAS and not treated with RAAS (Ta-
ble 4).

DISCUSSION

Our study showed an indication bias of the RAAS 
prescription, and no conclusion on the influence of 
RAAS on arterial stiffness can be drawn. Moreover, in 
patients with CVD, heart failure and diabetes,  higher 
arterial stiffness was observed in comparison to partici-
pants without these comorbidities. Additionally, a worse 
renal graft function correlated with arterial stiffness. Fur-
thermore, the usage of RAAS blockade in participants 
with CVD, heart failure and diabetes did not cause a dif-
ference in terms of the value of PWV.

It is well known that the RAAS blockade amelio-
rates hypertension and proteinuria which influence the 
renal graft-survival (Tylicki et al., 2007; Sennesael et al., 
1995). Additionally, Szabo and others (Szabo et al., 2000) 
showed that ACEIs and ARBs may protect the renal 
graft from fibrosis and tubular atrophy.

On the other hand, Suwelack et al. observed that the 
left ventricle mass index and diastolic relaxation im-
proved after two years of treatment with quinapril, when 
compared to atenolol after KTx (Suwelack et al., 2000). 
Nevertheless, there is no sufficient data regarding the 
influence of the RAAS blockade on arterial stiffness in 
RTRs. In the study presented here, we showed a more 

advanced arterial stiffness and a higher level of creati-
nine in the RAAS(+) when compared to RAAS (–) pa-
tients. It is worth to underline that the prevalence of 
CVD, heart failure and diabetes was higher in the for-
mer population. Moreover, all of these comorbidities 
correlated with arterial stiffness parameters, but CVD 
had the strongest impact.

Kolonko and others (Kolonko et al., 2016) reported 
that pre-transplantation diabetes and CVD significantly 
correlated with an increased PWV in RTRs. Moreover, 
Kim and others (Kim et al., 2015) analyzed baPWV in 
the end-stage renal disease patients that were on the 
waiting list for kidney transplantation, and showed a 
higher baPWV in patients with presence of CVD in 
their medical history than in those without them. The 
authors proved that PWV was a strong predictor of 
CVD in RTRs. Another study also showed that PWV 
was associated with CVD events after KTx. Additionally, 
pulsatile stress was a significant (HR 3.7; p<0.02) and in-
dependent factor for cardiovascular events in RTRs, in 
addition to a past history of cardiovascular events (HR 
1.16; p<0.04) (Bahous et al., 2004). Therefore, CVD and 
arterial stiffness are interrelated, as it was observed in 
our study. 

Similar results were found in a Belgian study. After 
a mean follow-up of 5 years, Verbeke and others (Ver-
beke  et al., 2011) noted in a cohort of 512 RTRs that 
cfPWV was a significant factor in the assessment of a 
cardiovascular risk. Moreover, patients with a cfPWV of 
≥8.1 m/s had worse cardiovascular survival when com-

Pulse pressure 
left arm (mmHg) 
Mean value  + S.D.

60.3 + 19.5 65.6 + 22.1 53.2 + 12.5 <0.05

ba PWV right (m/s) 
Median (IQR)

12.9 
(11.6-14.8)

13.3 
(12.4-15.5)

12.5 
(11.2-14.2) ns

ba PWV left (m/s) 
Median (IQR)

13.8  
(12.1-16.3)

14.3 
(12-17)

13.2
(12.1-15.2) ns

cf PWV (m/s)  
Median (IQR)

8,7  
(7,4-11,2)

9,1 
(8-11,6)

8,6 
(7,3-9,9) ns

n (%) 
Heart failure (+) 90 56 (62.2) 34 (37.8) <0.05

Systolic blood pressure right arm (mmHg) 
Mean value  + S.D. 140.8 + 17.6 142.6 + 18.6 137.6 + 15.3 ns

Systolic blood pressure  
left arm (mmHg) 
Mean value  + S.D.

140.8 + 18.7 140.1 + 20.0 142 + 16.8 ns

Diastolic blood pressure right arm (mmHg) 
Mean value  + S.D. 83.7 + 10.0 82.4 + 11.13 86.2 + 7.1 ns

Diastolic blood pressure left arm (mmHg) 
Mean value  + S.D. 84.3 + 11.4 82.0 + 12.8 88.3 + 7.22 <0.05

Pulse pressure 
right arm (mmHg) 
\Mean value  + S.D.

56.9 + 17.2 60.1 + 18.9 51.1 + 11.9 <0.05

Pulse pressure 
left arm (mmHg) 
Mean value  + S.D.

56.5 + 15.9 58.2 + 17.1 53.7 + 13.6 ns

ba PWV right (m/s) 
Median (IQR)

12.6 
(11 -14.5)

12.7 
(11.4 -15.4)

12.3 
(10.7-14.1) ns

ba PWV left (m/s) 
Median (IQR)

12.7 
(11.3-14.9)

12.7 
(11.1-14.6)

12.8 
(11.6-15.2) ns

cf PWV (m/s)  
Median (IQR)

8.4 
(7.2-10.7)

8.4 
(7.2-11.6)

8.1
(7-10.4) ns

Abbreviations: CVD,cardiovascular disease; RTR, renal transplant recipient; HF, heart failure;  baPWV, brachial ankle pulse wave velocity; cfPWV, 
carotid femoral pulse wave velocity; + S.D., standard deviation; IQR, interquartile range
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pared to patients with a cfPWV <8.1 m/s. In our study, 
there were up to 38% patients with cfPWV >8.1 m/s, 
which qualified them to a higher cardiovascular risk, re-
gardless of comorbidities, age and immunosuppressive 
regimen.

Ayub and others (Ayub et al., 2015) performed the 
PWV measurement and estimation of the estimated glo-
merular filtration rate in RTRs and showed an inverse 
correlation between these two parameters. Moreover, 
the authors suggested the necessity of PWV evaluation  
in the assessment of cardiovascular risk in RTRs with 
worse renal graft function. Similarly, the results of a 
study from Turkey showed a significantly higher value 
of PWV in RTRs with lower estimated glomerular fil-
tration rate. The mean value of PWV was 7.4±0.6 vs 
6.1±0.4 cm/s in patients with estimated glomerular fil-
tration rate 15–49 ml/min and 50–69 ml/min, respec-
tively (Sezera et al., 2015). Likewise, in our study, there 
was a significant correlation between arterial stiffness 
and renal graft function, assessed by glomerular filtra-
tion rate.

Proteinuria is acknowledged as a marker of renal graft 
damage, a predictor of graft survival, and the incidence 
of CVD in RTRs. Its prevalence was described in up 
to 45% of RTRs (Park et al., 2000; Amer et al., 2007). 
The prevalence of proteinuria in our cohort was 31.7%, 
which is consistent with the above data. 

Guliyev and others (Guliyev et al., 2015) showed that 
proteinuria  (>500 mg/day) was strongly associated with 
increased risk of cardiovascular events, according to ac-
celerated arterial stiffness and decreased arterial elasticity 
when compared to patients with lower proteinuria (<500 
mg/day).

Among RTRs in Germany, Baumann et al. reported 
that pulsatile stress, not PWV was associated with the 
quantity of albuminuria (r=0.29; p<0.01 and r=0.06; 
p=0.6 respectively). Therefore, this parameter could be a 
marker for arterial dysfunction in RTRs (Baumann et al., 
2010). Jeon and others (Jeon et al., 2015) evaluated the 
incidence of major adverse cardiac events (cardiac death, 
nonfatal myocardial infarction, or coronary revasculariza-
tion) within 55.3months of follow-up. They showed that 
proteinuria was associated with major adverse cardiac 
events (hazard ratio [HR] 8.689, 95% confidence inter-
val [CI] 2.929–25.774, p<0.001) when compared to those 
without proteinuria. The mortality rate among the study 
population was significantly higher in patients with pro-
teinuria (HR 6.815, 95% CI 2.164–21.467, p=0.001). 

In our study, proteinuria and albuminuria are not cor-
related with PWV. 

Aspirin, beta-blockers, ACEIs, ARBs, and statins can 
each reduce the risk of major CVD events by 25%, in 
the general population (Yusuf et al., 2002). However, 
there are no sufficient data regarding the safety and ef-
ficacy of ACEis or ARBs treatments in reducing cardio-
vascular risk in RTRs.

Gastona and others (Gastona et al., 2009) analyzed the 
use of cardioprotective medications in RTRs based on 
The Long Term Deterioration of Kidney Allograft Func-
tion (DeKAF) study.

The results indicated that the RAAS blockade was 
used in 24% of the study population at 6 months af-
ter transplantation and the authors presented  skepticism 
concerning the prescription of CVD medication in that 
population (Gastona et al., 2009).

On the other hand, Pilmore and others (Pilmore et al., 
2011) reported that the prevalence of ACEIs or ARBs 
administration in RTRs, 5 years after transplantation, was 
at 36.3%. Patients with the history of myocardial infarc-

tion used these agents more frequently. In comparison,  
administration of the RAAS blockade did not differenti-
ate between RTRs with and without diabetes. 

Our data showed a higher prevalence of ACEIs or 
ARBs administration in RTRs as compared to the cited 
article. Moreover, a majority of participants with CVD 
or diabetes have used these medications. This demon-
strated the high awareness of the transplant center about 
the possible role of the RAAS blockade in reducing the 
cardiovascular risk in that population. 

A small reduction in pulse wave velocity was observed 
in the ZEUS study, under zofenopril or irbesartan treat-
ment (Omboni et al., 2017). Zhao and others (Zhao et 
al., 2018) using the rat kidney transplantation model, 
showed a significant mitigation of the angiotensin II-
induced contractions in the aorta and mesenteric arteries 
of the recipient under losartan treatment.

There are no sufficient data concerning the influence 
of the RAAS blockade on arterial stiffness in RTRs as 
compared to the chronic kidney disease population. The 
efficacy and safety treatment with enalapril and/or can-
desartan was shown by Frimodt-Møller et al., among pa-
tients with mean GFR 30, range 13–59 ml/min/1.73 m2. 
The authors showed a decrease in PWV during the 24 
weeks of follow-up in the analyzed population (Frimodt-
Møller et al., 2012). 

Our study did not find a difference in PWV in high 
risk (CVD, diabetes, heart failure) RTRs who were 
treated with the RAAS blockade in comparison to par-
ticipants without these medications. The results are not 
consistent with the above data. There is association with 
bias. Additionally, our study population was heterogene-
ous in terms of different time after transplantation and 
the time of RAAS blockers administration, and was not 
adjusted for these parameters.

LIMITATIONS

There are several limitations of this study that 
should be considered when interpreting our conclu-
sions. First of all, this is a single-center study. The 
sample size was relatively small, but to the best of 
our knowledge, this is the first study where the in-
fluence of the RAAS blockade on arterial stiffness 
was analyzed in RTRs. Moreover, the amount of pa-
tients differed in the RAAS(+) and RAAS(–) groups. 
Secondly, the study population was a heterogeneous 
group, with different comorbidities, including cardio-
vascular disease, diabetes and heart failure, dissimilar 
time of dialysis, various periods after renal transplan-
tation and the RAAS blockade treatment. Addition-
ally, there were discrepancies in terms of the eGFR, 
proteinuria, and albuminuria values, and immunosup-
pressive regimen between the RAAS(+) and RAAS(–) 
patients. Thirdly, there was no follow-up in the study. 
Fourthly, the doses of ARBs and ACEIs used in the 
study population were small. Therefore, the influence 
of these agents on arterial stiffness parameters was 
non-significant. 

However, despite these limitations, the study high-
lights some important information for the RTRs in 
terms of prevention of CVD in this population. Hence, 
we cannot exclude that there is no effect of the RAAS 
blockade on arterial stiffness at all. Furthermore, we 
cannot exclude the possibility of residual confound-
ing. To obtain a definite answer on the effect of RAAS 
blockade on PWV, further studies are needed.
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CONCLUSIONS

The study showed an indication bias of the RAAS 
prescription. Moreover, no conclusion on the influence 
of RAAS on arterial stiffness can be drawn. On the oth-
er hand, the results indicated diuretics and beta-blockers 
as agents lowering the arterial stiffness in RTRs.

There is a necessity for further evaluation of the 
nephroprotective role of the RAAS blockade in rand-
omized clinical trials in the RTRs population.
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