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Abstract: Arterial hypertension affects the survival of the kidney graft and the cardiovascular
morbidity and mortality of the recipient after kidney transplantation (KTx). Thus, antihypertensive
treatment is necessary for a vast majority of these patients. Long-term data on antihypertensive drugs
and their effects on allograft function after KTx is still limited, and further investigation is required.
We retrospectively analyzed a cohort of 854 recipients who received a kidney transplant at our
transplant center between 2007 and 2015 with regard to antihypertensive treatment and its influence
on graft function and survival. 1-y after KTx, 95.3% patients were treated with antihypertensive
therapy. Of these, 38.6% received mono- or dual-drug therapy, 38.0% received three to four drugs and
8.1% were on a regimen of ≥5 drugs. Beta-blockers were the most frequently used antihypertensive
agents (68.1%). Neither the use of angiotensin-converting enzyme inhibitor/angiotensin receptor
blockers (51.9%) and calcium channel blockers (51.5%), nor the use the use of loop diuretics (38.7%)
affected allograft survival. Arterial hypertension and the number of antihypertensive agents were
associated with unfavorable allograft outcomes (each p < 0.001). In addition to the well-known
risk factors of cold ischemic time and acute rejection episodes, the number of antihypertensive
drugs after one year, which reflects the severity of hypertension, is a strong predictor of unfavorable
allograft survival.

Keywords: kidney transplantation; post-transplant care; arterial hypertension; antihypertensives;
allograft failure

1. Introduction

Cardiovascular disease (CVD) is the leading cause of mortality and morbidity in kidney transplant
(KTx) recipients [1]. Thus, arterial hypertension (AHT) is a significant risk factor that affects a large
proportion of this patient population (50–80% of adult recipients) [2]. Increased systolic and diastolic
blood pressure are associated with allograft failure [3]. However, it has been shown that target systolic
blood pressures below 120 mmHg in KTx recipients, as recommended for patients at a high risk for
cardiovascular events [4], does not negatively affect allograft function [5], favoring the need for strict
blood pressure control in KTx recipients.

Most kidney transplant recipients have a long-term history of chronic kidney disease (CKD)
associated with vascular pathologies leading to elevated systolic blood pressure (SBP) and increased pule
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pressure [6]. After KTx, additional factors occur that are capable of inducing AHT. First, the unavoidable
use of immunosuppressants, especially calcineurin inhibitors (CNIs), and steroids is implied to induce
or promote AHT [7]. Second, volume overload is a common issue in patients with renal (allograft)
insufficiency, and induces elevated blood pressure [8]. Third, renal insufficiency following KTx can also
cause AHT, since the allograft and also the diseased autologous kidneys can trigger AHT, mainly via
altered sodium regulation and the activation of the renin–angiotensin–aldosterone system (RAAS) [9].
Fourth, transplant renal artery stenosis accounts for 1–5% of cases of post-transplant AHT [10]. Fifth,
post-transplant weight gain and obesity are common and lead to a significantly increased prevalence
of the metabolic syndrome, both of which favor AHT [11].

In KTx recipients, donor factors such as the donor’s pre-existing AHT, higher donor age,
poor allograft quality and genetic donor factors can also influence the recipient’s blood pressures [2].

To date, there have not been randomized controlled trials on optimal blood pressure limits or
favorable treatment strategies in patients after KTx [2]. Therefore, the Kidney Disease Improving
Global Outcomes (KDIGO) and National Kidney Foundation guidelines for the management of AHT
in patients with CKD are widely followed when AHT is treated in KTx recipients [12], targeting a
blood pressure <130/80 mmHg.

Nevertheless, there are substantive differences in the treatment of non-transplant patients,
as, for example, some of the factors mentioned above that contribute to AHT in KTx recipients
are transplant-specific.

A recent cross-sectional study from Poland showed that beta-blockers were the most commonly
used antihypertensive agents, followed by Calcium channel blockers (CCB), angiotensin-converting
enzyme inhibitors (ACE-I)/Angiotensin-II-receptor-blockers (ARB), and diuretics [13]. The remaining
drug classes, such as alpha1-receptor-antagonists, anti-sympathotonics and vasodilators are usually
prescribed as reserve antihypertensives.

In CKD patients, the blockage of RAAS has been proved to slow down the progression of diabetic
and non-diabetic (protein-rich) kidney disease [14,15]. Several years ago, we observed in our KTx
cohort that the use of ACE-I/ARB and CCB promoted long-term graft survival in KTx recipients [16].
A recent meta-analysis of 71 randomized controlled trials by Pisano et al. also supports the preferred use
of CCB, as they were found to improve graft function as well as graft survival [17]. In this meta-analysis,
ACE-I and ARB treatment was associated with worsening effects on allograft function and a 3-fold
higher risk for hyperkalaemia—nevertheless there is some evidence for improvement of graft survival
regarding RAAS inhibitors [17].

To date, however, there is no data demonstrating an association between the use of beta-blockers
or diuretics and the long-term outcome of kidney allografts and KTx recipients although both drug
classes are widely used. The frequent co-incidence of different therapeutic indications especially for
beta-blockers and/or diuretics in addition to the treatment of AHT in the KTx setting, e.g., treatment of
congestive heart failure or atrial fibrillation, is a problematic pitfall in this matter [18,19]. Especially for
loop diuretics, the evidence for their perioperative use in KTx is still controversial [20].

The present study was conducted in order to shed some light on the relationship between
antihypertensive drugs and long-term outcomes for KTx recipients in the present era, taking into
account that former studies are predominantly ten to twenty years old and KTx recipient outcome has
changed rapidly within the last years [21]. Our analyses focused on how AHT treatment in the first
year predicted the subsequent allograft survival.

2. Materials and Methods

2.1. Study Design and Population

We analyzed the data of 850 adult patients (follow-up of 4109.5 patient years, median follow-up
4.2 years) who were transplanted at our center between 1 January 2007 and 31 December 2015.
The demographics and clinical characteristics of the patients were recorded at the time of KTx,
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and written informed consent was obtained from all patients to record their data. The data was taken
from the patients’ files, and the personal information was made anonymous prior to the analysis.
This study was performed in accordance with the Declaration of Helsinki and the International
Conference on Harmonization of Good Clinical Practice guidelines and approved by the local ethics
committee (Ethik Kommission der Ärztekammer Westfalen-Lippe und der Medizinischen Fakultät
der Westfälischen Wilhelms-Universität, 2014-381-f-N). Induction therapy was chosen based on the
immunological risks of the patients. The triple immunosuppressive standard regimen consisted of
tacrolimus (6–10 ng/mL), mycophenolate mofetil and steroids (Table 1). Estimated glomerular filtration
rate (eGFR) was calculated using the CKD–EPI formula [22].

2.2. Blood Pressure Monitoring and Antihypertensive Medication

Blood pressure was measured manually during the outpatient one-year routine follow-up
according to the 2013 European Society of Hypertension (ESH)/European Society of Cardiology (ESC)
Guidelines for the management of AHT [23] and the antihypertensive medication that each patient
was taking at the time of the one-year follow-up was simultaneously recorded.

We categorized antihypertensive medication into ACE-I/ARB, CCB and diuretics, subclassified into
loop diuretics, thiazids and aldosterone-antagonists, beta-receptor-blockers, alpha1-receptor-antagonists,
anti-sympathotonics and vasodilators.

2.3. Statistical Analysis

The data was analyzed with IBM SPSS Statistics 26 (IBM Corp., Armonk, New York, USA).
The results are expressed as a mean with standard deviation, median with interquartile range (IQR) or
number/percent. The categorical parameters were analyzed by Fisher’s exact test and the chi-square
test and continuous parameters were analyzed by Mann–Whitney U-test and Kruskal–Wallis test,
respectively. A p-value below 0.05 was considered statistically noticeable.

Linear regression analysis was performed to test association between two continuous variables.
The cumulative probability of developing allograft failure in the kidney transplant cohort was
calculated by Kaplan–Meier analysis [24], and the curves were compared using the log-rank test.
To evaluate the risk factors for the onset of allograft failure, we performed multivariable Cox regression
analyses [25] to clarify whether beta-blockers or steroids are independent risk factors for reduced
kidney allograft survival.
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Table 1. Patients’ demographics and clinical characteristics at transplantation.

Variable All
No

Antihypertensive
Medication *

1–2
Antihypertensive

Drugs *

3–4
Antihypertensive

Drugs *

5+
Antihypertensive

Drugs *
p Value

Patients (n) 850 40 (4.7%) 330 (38.6%) 325 (38.0%) 70 (8.1%)

Age at KTx * (years) 52.9 ± 14.2 41.7 ± 13.2 49.8 ± 13.9 55.2 ± 13.3 59.3 ± 11.6 <0.001 a

Sex, male (n) 521 (61.0%) 14 (35.0%) 191 (58.1%) 203 (62.3%) 53 (75.7%)

Mismatch-HLA-A

0.582 bnone 297 (34.8%) 12 (30.0%) 122 (37.1%)\ 112 (34.4%) 21 (30.0%)

1 402 (47.1%) 23 (57.5%) 147 (44.7%) 158 (48.5%) 32 (45.7%)

2 148 (17.3%) 5 (12.5%) 59 (17.9%) 52 (16.0%) 16 (22.9%)

Mismatch-HLA-B

0.852 bnone 189 (22.1%) 7 (17.5%) 70 (21.3%) 46 (23.3%) 16 (22.9%)
1 404 (47.7%) 19 (47.5%) 168 (51.1%) 149 (45.7%) 32 (45.7%)
2 251 (29.4%) 14 (35.0%) 90 (27.4%) 97 (29.8%) 21 (30.0%)

mismatch-HLA-DR

0.012 bnone 221 (25.9%) 8 (20.0%) 75 (22.8%) 94 (28.8%) 23 (32.9%)
1 397 (46.5%) 22 (55.0%) 173 (52.6%) 150 (46.0%) 20 (28.6%)
2 229 (26.8%) 10 (25.0%) 80 (24.3%) 78 (23.9%) 26 (37.1%)

PRA% 5.4 ± 17.7 5.7 ± 16.8 6.2 ± 19.5 5.2 ± 17.0 1.5 ± 8.9 0.165 a

Living donor Tx * (n) 230 (26.9%) 22 (55.0%) 125 (38.0%) 66 (20.2%) 9 (12.9%) <0.001 b

Cold ischemia time (hours) 8.7 ± 5.2 5.8 ± 4.5 8.0 ± 5.3 9.2 ± 5.0 9.5 ± 5.0 <0.001 a

Dialysis prior to Tx * (n) 795 (93.1%) 34 (85.0%) 296 (90.0%) 314 (96.3%) 67 (95.7%) 0.001 b

Previous Tx* (n) 113 (13.2%) 6 (15.0%) 46 (14.0%) 43 (13.2%) 4 (5.7%) 0.346 b

CMV mismatch D/R

0.130 cD−/R- 142 (16.6%) 9 (22.5%) 68 (20.7%) 39 (12.0%) 11 (15.7%)
D−/R+ 147 (17.2%) 6 (15.0%) 54 (16.4%) 62 (19.0%) 9 (12.9%)
D+/R− 203 (23.8%) 9 (22.5%) 81 (24.6%) 75 (23.0%) 21 (30.0%)
D+/R+ 354 (41.5%) 16 (40.0%) 123 (37.4%) 148 (45.3%) 29 (41.4%)
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Table 1. Cont.

Variable All
No

Antihypertensive
Medication *

1–2
Antihypertensive

Drugs *

3–4
Antihypertensive

Drugs *

5+
Antihypertensive

Drugs *
p Value

Warm ischemia period (minutes) 33 ± 8 30 ± 8 33 ± 9 34 ± 8 34 ± 8 0.127 a

Time on dialysis (months) 57.7 ± 40.8 52.1 ± 45.1 55.6 ± 45.3 58.4 ± 37.0 61.7 ± 35.3 0.164 a

Initial steroid use 844 (98.8%) 38 (%) 315 (95.5%) 323 (99.4%) (%) 0.107 b

Initial MMF* use 824 (96.5%) 40 (100%) 315 (95.5%) 315 (97.2%) 69 (98.6%) 0.425 b

Initial CyA* use 42 (4.9%) 0 (0%) 15 (4.5%) 19 (5.8%) 4 (5.7%) 0.325 b

Initial tacrolimus use (n) 804 (94.1%) 40 (100%) 310 (93.9%) 305 (93.8%) 66 (94.3%) 0.397 b

Initial mTOR * inhibitor use(n) 26 (3.0%) 0 (0%) 11 (3.3%) 11 (3.4%) 1 (1.4%) 0.568 b

Diagnosis of ESRD, (n) 0.001 c

Hypertension 74 (8.7%) 1 (2.5%) 24 (7.3%) 36 (11.0%) 6 (8.6%)

Diabetes mellitus 54 (6.3%) 3 (7.5%) 14 (4.3%) 22 (6.7%) 5 (7.1%)

Polycystic kidney disease 127 (14.9%) 3 (7.5%) 57 (17.3%) 43 (13.2%) 10 (14.3%)

Obstructive nephropathy 39 (4.6%) 3 (7.5%) 20 (6.1%) 14 (4.3%) 1 (1.4%)

Glomerulonephritis 271 (31.7%) 7 (17.5%) 113 (34.3%) 106 (32.5%) 26 (37.1%)

FSGS 36 (4.2%) 0 (0%) 9 (2.7%) 16 (4.9%) 5 (7.1%)

Interstitial nephritis 45 (5.3%) 7 (17.5%) 14 (4.3%) 14 (4.3%) 4 (5.7%)

Vasculitis 21 (2.5%) 0 (0%) 4 (1.2%) 11 (3.4%) 4 (5.7%)

Other 110 (12.9%) 12 (30.0%) 43 (13.1%) 37 (11.3%) 3 (4.3%)

Unknown 73 (8.5%) 4 (10.0%) 29 (8.8%) 26 (8.0%) 6 (8.6%)
a Kruskal–Wallis test, b Fisher’s exact test, c Chi-square test. * one year after transplantation. Abbreviations: CMV: cytomegalovirus; Tx: transplantation; HLA: human leukocyte antigen;
PRA: panel reactive antibodies; MMF: mycophenolate mofetil; CyA: cyclosporine A; mTOR: mechanistic target of rapamycin; ESRD: end-stage renal disease; FSGS: focal segmental
glomerulosclerosis. Bold: main variables and p-values.
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3. Results

3.1. Sample Characteristics

The baseline characteristics of the study population are presented in Table 1. Mean age at
transplantation was 52.9 ± 14.2 years, 61.0% of the recipients were male and 26.9% received a living
donor transplantation. A tacrolimus-based immunosuppressive triple regimen was used for 94.1% of
patients, while 4.9% received cyclosporine (Table 1).

Of the initial 850 patients, 765 patients could be evaluated for antihypertensive medication after
1-y; 21 patients died with functioning allograft (2.5%), 37 patients (4.3%) developed terminal allograft
failure and 27 patients (3.2%) were lost to follow-up during the first year.

In our patient cohort, beta-blockers were the most frequently used antihypertensive drug group
one year after KTx, prescribed to 582 patients (68.1%). ACE-Is/ARBs were prescribed to 443 (51.9%),
while 440 patients (51.5%) were treated with CCRBs and 375 (43.9%) with diuretics. Among them,
loop diuretics were by far the most frequently prescribed (331, 38.8%), while 29 patients (3.4%)
received a thiazide diuretic and 23 (2.7%) received an aldosterone antagonist. In 94 (11%) patients,
anti-sympathotonic drugs were administered, together with at least three other antihypertensive drugs.
The same applies to alpha1-receptor blockers and vasodilators, which were prescribed to 30 (3.5%) and
20 (2.3%) patients, respectively.

3.2. Clinical Characteristics of Patients and the Use of Antihypertensive Agents

Clinical outcome parameters are presented in Table 2. Patients who received a living donor KTx
were treated with less antihypertensive agents (mean 2.1 ± 1.3) compared to recipients of post-mortal
donations (mean 2.9 ± 1.4), (p < 0.001). Moreover, patients with a maximum of two antihypertensives
were significantly younger (p < 0.001). Due to the higher percentage of living donations in younger
patients, the cold ischemia time was significantly shorter (p < 0.001) in this group than in the group of
older patients receiving three or more antihypertensives after one year.

3.3. Blood Pressure and Renal Allograft Function

Despite intensified antihypertensive medication, the systolic blood pressure was higher one
year after KTx in patients with a higher number of prescribed antihypertensive agents (p < 0.001).
In contrast, the mean diastolic blood pressure did not differ between the groups (p = 0.374). Clearly,
the mean systolic blood pressure after one year was associated with impaired allograft function in
terms of lower eGFR one (p < 0.001, r = −0.115), two (p < 0.001, r = −0.160) and five years after KTx
(p < 0.001, r = −0.204). There was no association of diastolic blood pressure with eGFR after one
(p = 0.085, r = 0.036), two (p = 0.970, r = −0.001) and five years (p = 0.923, r = 0.003).

3.4. Renal Allograft Function and Number of Antihypertensive Agents

Renal allograft function was strongly correlated with the number of antihypertensives in the
study. After one year, patients without AHT treatment had a mean eGFR of 63.9 ± 19.4 mL/min/1.73 m2

while patients with six antihypertensives had a mean eGFR of 39.0 ± 17.2 mL/min/1.73 m2 (p < 0.001,
Figure 1).

Similar results were found with regard to the number of antihypertensives and the urine
protein/creatinine ratio (UPCR). After one year, patients without antihypertensives had a mean UPCR
of 160 ± 181 mg/g creatinine, while those with six antihypertensives had a noticeably higher mean
UPCR of 443 ± 696 mg/g creatinine (p < 0.001, Figure 2).
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Table 2. Patients’ clinical outcome parameters.

Variable All
No

Antihypertensive
Drugs

1–2
Antihypertensive

Drugs

3–4
Antihypertensive

Drugs

≥5
Antihypertensive

Drugs
p Value

Mean syst. BP after one year (mmHg) 135 ± 17 125 ± 24 133 ± 15 136 ± 17 142 ± 16 <0.001 a

Mean diast. BP after one year (mmHg) 82 ± 11 81 ± 13 82± 11 81 ± 12 80 ± 12 0.374 a

DGF (n) 208 (24.4%) 4 (10%) 52 (15.8%) 84 (25.8%) 22 (31.4%) 0.001 b

CMV DNAemia 265 (31.0%) 12 (30.0%) 94 (28.6%) 123 (37.3%) 25 (35.7%) 0.101 b

BKV DNAemia 182 (21.3%) 8 (20.0%) 75 (22.8%) 72 (22.1%) 18 (25.7%) 0.736 b

eGFR at year 1 (mL/min/1.73 m2) 52.6 ± 20.2 63.9 ± 19.4 57.4 ± 19.7 49.2 ± 19.5 40.5 ± 16.2 <0.001 a

eGFR at year 2 (mL/min/1.73 m2) 53.1 ± 20.9 65.9 ± 23.1 57.4 ± 20.1 49.6 ± 20.5 43.0 ± 17.6 <0.001 a

eGFR at year 5 (mL/min/1.73 m2) 52.5 ± 21.8 56.0 ± 27.2 57.9 ± 22.4 49.9 ± 20.6 37.5 ± 11.2 <0.001 a

UPCR at year 1 mg/g crea 283 ± 732 160 ± 181 183 ± 306 352 ± 874 549 ± 1410 <0.001 a

UPCR at year 2 mg/g crea 260 ± 517 217 ± 271 196 ± 489 286 ± 465 481 ± 857 0.008 a

UPCR at year 5 (mg/g crea) 323 ± 672 272 ± 272 150 ± 96 553 ± 1088 489 ± 487 0.102 a

Rejection yes (n) 257 (30.1%) 10 (25%) 97 (29.5%) 101 (31.0%) 26 (37.1%) 0.607 b

ACE-I/ARB use 443 (51.9%) - 117 (35.6%) 261 (80.0%) 65 (92.8%) <0.001b

Calcium-channel blocker use 440 (51.5%) - 108 (32.8%) 264 (81.0%) 68 (97.1%) <0.001b

Beta-blocker use 582 (68.1%) - 217 (66.0%) 296 (90.8%) 69 (98.6%) <0.001b

Diuretic use 375 (43.9%) - 89 (27.0%) 219 (67.2%) 67 (95.7%) <0.001b

Antisympathotonic use 94 (11.0%) - 0 (0%) 42 (12.9%) 52 (74.3%) <0.001b

Vasodilator use 20 (2.3%) - 0 (0%) 8 (2.5%) 12 (17.1%) <0.001b

Alpha1-receptor blocker use 30 (3.5%) - 0 (0%) 9 (2.8%) 21 (30.0%) <0.001b

a Kruskal–Wallis test, b Fishers exact test. Abbreviations: DGF: delayed graft function; eGFR: estimated glomerular filtration rate; UPCR: urine protein/creatinine ratio; NODAT: new onset
diabetes after transplantation; Bold: main variables and p-values.
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3.5. Antihypertensive Agents and Renal Allograft Function

In patients medicated with ACE-I/ARB, beta-blockers or CCB, eGFR and UPCR are comparable.
In contrast, patients treated with a loop diuretic show reduced eGFR and elevated UPCR (Table 3).
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Table 3. Mean eGFR and UPCR levels one year depending on the antihypertensive agent.

Antihypertensive Agent Mean eGFR (mL/min/1.73 m2) Mean UPCR (mg/g Creatinine)

ACE-I/ARB use (n = 443) 51.4 ± 19.5 289 ± 758

Beta-blocker use (n = 582) 50.5 ± 19.9 304 ± 818

Loop diuretic use (n = 331) 44.4 ± 17.6 417 ± 1049

CCB use (n = 440) 51.3 ± 20.5 306 ± 715

Abbreviations: DGF: delayed graft function; eGFR: estimated glomerular filtration rate; UPCR: urine
protein/creatinine ratio.

3.6. Antihypertensive Agents and Allograft Survival

One year after KTx, the number of antihypertensive agents was associated with lower eGFR and
higher proteinuria. The Kaplan–Meier analysis and log-rank test showed a shortened death-censored
graft survival for patients on five or more different antihypertensive drugs (8.9 years, CI 8.0–9.8).
Mean allograft survival for patients without antihypertensives was 10.0 years (CI 9.1–10.9), for patients
with one or two antihypertensives 10.6 years (CI 10.4–10.8) and for patients with three or four
antihypertensives 9.9 years (CI 9.6–10.3), (p < 0.001, Figure 3).
J. Clin. Med. 2020, 9, x FOR PEER REVIEW 8 of 13 
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Figure 3. Patients on five or more antihypertensive agents show the shortest graft survival, Log-rank
test, p < 0.001.

Recipients treated with beta-blockers had an inferior allograft survival compared to those who
were not (10.0 years, CI 9.8–10.3 vs. 10.4 years, CI 10.1–10.7), (Log-rank, p = 0.022, Supplementary
Figure S4A). Similarly, medication with loop diuretics was associated with graft survival shorter by
0.5 year (10.3 years, CI 10.1–10.6 vs. 9.8 years, CI 9.4–102), (p = 0.001, Supplementary Figure S4B).
In contrast, the Kaplan–Meier analysis showed no differences in the kidney allograft survival for the use
of ACE-I/ARB (p = 0.398, Supplementary Figure S4C) or CCB (p = 0.102, Supplementary Figure S4D).
The reserve antihypertensive drug groups of vasodilators, anti-sympathotonics and α-receptor blockers
are all associated with inferior allograft outcome (all p < 0.001).
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3.7. The Number of Antihypertensive Drugs as Indicator for Death-Censored Kidney Allograft Failure

A multivariable Cox regression analysis was performed to assess whether the number of
antihypertensive drugs or medication with loop diuretics or beta-blockers was associated with
inferior allograft survival independent from other known risk factors. The analysis included several
known risk factors for reduced allograft survival and the number of antihypertensives at 1-y after
KTx, as loop diuretics were usually used as 3rd or 4th line therapy (Table 4). In addition to the cold
ischemia time (p = 0.014, HR 1.104) and the occurrence of at least one acute rejection episode (any type
of rejection) (p < 0.001, HR 4.428), Cox regression analysis confirmed the number of antihypertensive
agents one year after transplantation as independently associated with death-censored allograft failure
(p = 0.025, HR 1.525). Neither the use of beta-blockers (p = 0.820, HR 0.884) nor the use of loop diuretics
(p = 0.404, HR 1.388) was independently associated with allograft failure.

Table 4. Multivariable Cox regression for factors associated with death-censored graft failure.

Variable Hazard Ratio 95% CI p Value

Age at KTx 0.980 0.953–1.008 0.161
Previous KTx 0.514 0.151–1.744 0.285
CMV-DNAemia 1.576 0.842–2.950 0.155
BKV-DNAemia 1.279 0.650–2.517 0.476
Post-mortal donation 0.411 0.116–1.464 0.170
Donor age 1.023 0.992–1.055 0.152
Dialysis vintage 1.001 0.991–1.012 0.842
Cold ischemia time 1.104 1.021–1.195 0.014
Delayed graft function 0.969 0.477–1.966 0.930
Acute rejection 4.428 2.249–8.720 <0.001
Beta-blocker use 0.884 0.305–2.561 0.820
Loop diuretic use 1.388 0.643–2.995 0.404
CCB use 0.604 0.248–1.468 0.266
ACE-I/ARB 0.619 0.278–1.379 0.240
Number of antihypertensives after 12 months 1.585 1.061–2.367 0.025
Underlying renal disease - - 0.764

Abbreviations: KTx: kidney transplantation; CMV: cytomegalovirus; BKV: BK-Polyomavirus; CCB: calcium channel
blocker; ACE-I: Angiotensin-converting enzyme inhibitor; ARB: Angiotensin 1-receptor blocker. Bold: p-values.

3.8. The Development of Kidney Function as a Function of the Number of Antihypertensive Drugs

To further clarify whether antihypertensive drugs themselves may be harmful for allograft
function, we studied the relation between the number of antihypertensive drugs after one year and the
eGFR-change from year one to two and from year one to five. Overall, eGFR improved slightly during
both periods. From year one to two, there were no significant differences between the groups (Table 5).
From year one to five, only the differences between patients without antihypertensives and those with
1–2 (p = 0.023) and 3–4 (p = 0.015) were significant.

Table 5. eGFR-change depended on the number of antihypertensive agents.

Variable All
No

Antihypertensive
Drugs

1–2
Antihypertensive

Drugs

3–4
Antihypertensive

Drugs

≥5
Antihypertensive

Drugs
p Value

eGFR-change year 1–2,
mL/min/1.73 m2 (Mean, SD) 0.31 ± 10.2 2.2 (12.6) −0.17 (10.5) 0.9 (10.1) 1.8 (7.4) 0.405 *

eGFR-change year 1–5,
mL/min/1.73 m2 (Mean, SD) 2.4 (16.3) −6.6 (15.6) 3.7 (15.7) 3.0 (16.9) −1.8 (15.4) 0.032 *

* Kruskal-Wallis-test, Abbreviations: eGFR: estimated glomerular filtration rate; SD: standard deviation. Bold:
p values
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4. Discussion

AHT is one of the main risk factors for cardiovascular events after KTx [2]. Since prospective
studies on the impact of different antihypertensives after KTx are scarce, further data on this important
topic is needed.

In the present study, we analyzed data from our transplant center and divided patients into
four groups based on the number of different antihypertensive drugs. The distribution of main
antihypertensives used in our cohort was comparable to that of other transplant studies [13]. Our data
showed that the number of different antihypertensives of KTx recipients is a strong predictor of
poor allograft function and survival. Nevertheless, the patients taking an extended number of
antihypertensive substance classes showed poorly controlled AHT. This subgroup also showed
increased mean systolic blood pressure of 142 ± 16 mmHg, according to the target blood pressure
recommended by KDIGO for CKD patients: <130 mmHg [26]. As KTx recipients frequently experience
adverse effects by polypharmacy [27] and several drug interactions [28], non-adherence might contribute
to these findings [29].

As expected, KTx recipients with severe hypertension were older, received less frequently living
donations, and had a longer cold ischemic time associated with a higher rate of delayed graft function
(DGF). In accordance with the literature, these factors can be regarded as confounders for inferior
allograft outcome and have an impact on the development of AHT [2,6].

Cox regression analysis confirmed that the number of antihypertensive agents prescribed to a
patient after one year is independently related to death-censored allograft failure (p = 0.025), whereas the
number of antihypertensives usually reflects the severity of AHT. Interestingly, our data show that
a higher number of antihypertensive drugs administered to patients (three or more) compared to
patients treated with two or less antihypertensives is not associated with a higher eGFR-loss over
time (Table 5). Although, this analysis does not consider patients with allograft loss, it suggests that
worse allograft or recipient characteristics are more likely to determine arterial hypertension than
antihypertensive drugs themselves affect allograft function.

In terms of renal function, KTx recipients who received loop diuretics, usually administered as
third- or fourth line medication (Table 2), showed reduced eGFR values and higher levels of UPCR
(Table 3). This also indicates that impaired allograft function promotes hypertension. Since almost 40%
of the patients in our cohort took loop diuretics one year after KTx, these patients represent a significant
high-risk group for allograft loss, which requires increased vigilance by the attending physicians with
this patient group. Unfortunately, there is at present no available study data on the role of (loop)
diuretic application after KTx. In the perioperative period of KTx, the use of loop diuretics to increase
diuresis and prevent DGF or dialysis has been evaluated in different studies, but there is no conclusive
evidence to support its use in this context [20].

In CKD patients, Ishikawa et al. observed that the intake of loop diuretics was associated
with sarcopenia [30]. Nevertheless, a literature review revealed cardioprotective effects for low-dose
loop diuretics to some extent, with a reduction in hospitalization rate during the pre-dialysis and
hemodialysis stages [31,32]. In the treatment of acute kidney injury (AKI), loop diuretics have no
beneficial effect on the renal prognosis [33]. Since thiazids and aldosterone antagonists were only
prescribed in a few patients (3.4% and 2.7%), as they are contraindicated or ineffective in patients with
CKD stages 4–5, we did not further analyze these agents.

The use of beta-blockers was also associated with inferior allograft survival in the Kaplan–Meier
analysis. However, multivariable Cox regression could not confirm beta-blockers as a risk factor for
reduced death-censored allograft survival. Although they are the most frequently used antihypertensive
agents after KTx in our cohort as well as in others [13,33], data on their influence on the outcomes of
renal allograft outcome is scarce. Their frequent usage might be related to a high percentage of patients
with chronic heart failure and/or arrhythmias as atrial fibrillation in the KTx patient collective [18,19].

With regard to the results of a former study from our transplant center [16], we could not observe a
beneficial effect of ACEI/ARB or CCB on allograft survival. Neither of the drug classes were associated
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with increased allograft survival in our cohort (Figure S4C,D). These observations require further
elucidation because the reno-protective effects of both drug classes are known. Cross et al. reported
that CCB use is associated with higher GFR values as it mitigates vasoconstrictive CNI effects in
KTx recipients [34]. One benefit of RAAS blockade in non-transplant CKD patients could be clearly
proved [14,35]. In KTx recipients, RAAS blockers seem as effective as other agents in lowering BP [36].
Regarding allograft and patient survival, most studies were unable to show a beneficial effect of
ACEI/ARB [37].

One explanation for these results could be that patients treated with ACEI/ARB and/or CCB for
AHT—a proven risk factor for poor allograft survival—are compared to patients without hypertension.
Therefore, comparable allograft survival in these AHT patients may potentially be interpreted as a
beneficial effect of these drugs.

Our study has several limitations. Since it is a retrospective analysis, it possesses only a
hypothesis-generating character. In addition, the study design does not allow the distinguishing of
direct effects of antihypertensive drugs on allograft function from specific factors that may be indicative,
such as fluid overload due to reduced diuresis or congestive heart failure, which in turn is associated
with poor graft function [38].

In summary, this study provides a current overview of the association between antihypertensive
therapy and allograft outcome after KTx. Arterial hypertension, the severity of which reflects the
number of antihypertensive drugs prescribed to a patient, remains one of the major factors in allograft
failure. As our analyses suggest, allograft and/or recipient specific factors that cause AHT, rather than
antihypertensive treatment itself, determine the increased risk for allograft failure in patients with
advanced antihypertensive medication. Since AHT manifests in a vast majority of KTx patients
prospective controlled trials are necessary the further investigate these findings. We must raise the
awareness of transplant physicians with regard to monitoring and pharmacological treatment of
AHT as it is an important risk factor for chronic dysfunction and failure of allografts, which can
be—at least partially—influenced. One should keep in mind that KTx recipients receiving ≥3 different
antihypertensive drugs are patients at risk who deserve special attention.

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/9/12/3969/s1,
Figure S4A–D: Unadjusted survival plots for different drug classes.
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the Quality of Life in Stable Kidney Transplant Recipients. Transpl. Proc. 2018, 50, 1896–1899. [CrossRef]
[PubMed]

28. Bril, F.; Castro, V.; Centurion, I.G.; Espinosa, J.; Keller, G.A.; Gonzalez, C.D.; Riera, M.C.S.; Saubidet, C.L.;
Di Girolamo, G.; Pujol, G.S.; et al. A Systematic Approach to Assess the Burden of Drug Interactions in Adult
Kidney Transplant Patients. Curr. Drug Saf. 2016, 11, 156–163. [CrossRef]

29. Nevins, T.E.; Nickerson, P.W.; Dew, M.A. Understanding Medication Nonadherence after Kidney Transplant.
J. Am. Soc. Nephrol. 2017, 28, 2290–2301. [CrossRef]

30. Ishikawa, S.; Naito, S.; Iimori, S.; Takahashi, D.; Zeniya, M.; Sato, H.; Nomura, N.; Sohara, E.;
Okado, T.; Uchida, S.; et al. Loop diuretics are associated with greater risk of sarcopenia in patients
with non-dialysis-dependent chronic kidney disease. PLoS ONE 2018, 13, e0192990. [CrossRef]

31. Aomatsu, A.; Ookawara, S.; Ishibashi, K.; Morishita, Y. Protective Effects of Diuretics Against the Development
of Cardiovascular Disease in Patients with Chronic Kidney Disease: A Systematic Review. Cardiovasc.
Hematol. Agents Med. Chem. 2018, 16, 12–19. [CrossRef]

32. Sibbel, S.; Walker, A.G.; Colson, C.; Tentori, F.; Brunelli, S.M.; Flythe, J. Association of Continuation of Loop
Diuretics at Hemodialysis Initiation with Clinical Outcomes. Clin. J. Am. Soc. Nephrol. 2019, 14, 95–102.
[CrossRef]

33. Patschan, D.; Patschan, S.; Buschmann, I.; Ritter, O. Loop Diuretics in Acute Kidney Injury Prevention,
Therapy, and Risk Stratification. Kidney Blood Press. Res. 2019, 44, 457–464. [CrossRef]

34. Cross, N.B.; Webster, A.C.; Masson, P.; O’Connell, P.J.; Craig, J.C. Antihypertensives for Kidney Transplant
Recipients: Systematic Review and Meta-Analysis of Randomized Controlled Trials. Transplantation 2009, 88,
7–18. [CrossRef]

35. Agodoa, L.Y.; Appel, L.; Bakris, G.L.; Beck, G.; Bourgoignie, J.; Briggs, J.P.; Charleston, J.; Cheek, D.;
Cleveland, W.; Douglas, J.G.; et al. Effect of ramipril vs amlodipine on renal outcomes in hypertensive
nephrosclerosis: A randomized controlled trial. JAMA 2001, 285, 2719–2728. [CrossRef]

36. Suwelack, B.; Kobelt, V.; Erfmann, M.; Hausberg, M.; Gerhardt, U.; Rahn, K.-H.; Hohage, H. Long-term
follow-up of ACE-inhibitor versus beta-blocker treatment and their effects on blood pressure and kidney
function in renal transplant recipients. Transpl. Int. 2003, 16, 313–320. [CrossRef]

37. Hiremath, S.; Fergusson, D.; Doucette, S.; Mulay, A.V.; Knoll, G.A. Renin Angiotensin System Blockade in
Kidney Transplantation: A Systematic Review of the Evidence. Am. J. Transpl. 2007, 7, 2350–2360. [CrossRef]

38. Rigatto, C.; Parfrey, P.; Foley, R.; Negrijn, C.; Tribula, C.; Jeffery, J. Congestive heart failure in renal transplant
recipients: Risk factors, outcomes, and relationship with ischemic heart disease. J. Am. Soc. Nephrol. 2002, 13,
1084–1090.

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.transproceed.2018.02.128
http://www.ncbi.nlm.nih.gov/pubmed/30056924
http://dx.doi.org/10.2174/157488631102160429003742
http://dx.doi.org/10.1681/ASN.2017020216
http://dx.doi.org/10.1371/journal.pone.0192990
http://dx.doi.org/10.2174/1871525716666180402145228
http://dx.doi.org/10.2215/CJN.05080418
http://dx.doi.org/10.1159/000501315
http://dx.doi.org/10.1097/TP.0b013e3181a9e960
http://dx.doi.org/10.1001/jama.285.21.2719
http://dx.doi.org/10.1111/j.1432-2277.2003.tb00306.x
http://dx.doi.org/10.1111/j.1600-6143.2007.01928.x
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Blood Pressure Monitoring and Antihypertensive Medication 
	Statistical Analysis 

	Results 
	Sample Characteristics 
	Clinical Characteristics of Patients and the Use of Antihypertensive Agents 
	Blood Pressure and Renal Allograft Function 
	Renal Allograft Function and Number of Antihypertensive Agents 
	Antihypertensive Agents and Renal Allograft Function 
	Antihypertensive Agents and Allograft Survival 
	The Number of Antihypertensive Drugs as Indicator for Death-Censored Kidney Allograft Failure 
	The Development of Kidney Function as a Function of the Number of Antihypertensive Drugs 

	Discussion 
	References

