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Abstract
Introduction  Hypertension is a burden for most kidney transplant recipients. Whether respect of hypertension guidelines 
results in better outcomes is unknown.
Methods  In this multicenter study, office blood pressure at 12 months following transplantation (i.e., after > 20 outpatient 
visits), and survival were assessed over 35 years among 2004 consecutive kidney transplant recipients who received a first 
kidney graft from 1985 to 2019 (follow-up: 26,232 patient-years).
Results  Antihypertensive medications were used in 1763/2004 (88.0%) patients. Renin-angiotensin-system blockers were 
used in 35.6% (47.1% when proteinuria was > 0.5 g/day) and calcium-channel blockers were used in 6.0% of patients. Com-
bined treatment including renin-angiotensin-system-blockers, calcium-channel blockers and diuretics was used in 15.4% of 
patients receiving ≥ 3 antihypertensive drugs.
Blood pressure was controlled in 8.3%, 18.8% and 43.1%, respectively, depending on definition (BP < 120/80, < 130/80, 
< 140/90 mmHg, respectively) and has not improved since the year 2001. Two-thirds of patients with uncontrolled blood 
pressure received < 3 antihypertensive classes. Low sodium intake < 2 g/day (vs ≥ 2) was not associated with better blood 
pressure control.
Uncontrolled blood pressure was associated with lower patient survival (in multivariable analyses) and graft survival (in 
univariate analyses) vs controlled hypertension or normotension. Low sodium intake and major antihypertensive classes had 
no influence on patient and graft survival.
Conclusions  Pharmacological recommendations and sodium intake reduction are poorly respected, but even when respected, 
do not result in better blood pressure control, or patient or graft survival. Uncontrolled blood pressure, not the use of specific 
antihypertensive classes, is associated with reduced patient, and to a lesser extent, reduced graft survival, even using the 
120/80 mmHg cut-off.
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Graphical abstract

Background: Hypertension is a burden 
for kidney transplant recipients (KTRs). 
How BP management early a�er 
transplanta�on affects long-term 
survival is unclear.

Methods: In this mul�centric study, office 
BP at 12 months following transplanta�on 
was measured and long-term survival was 
assessed over 35 years in 2,004 
consecu�ve KTRs (follow-up: 26,232 P-Y)

Conclusion: uncontrolled BP is present in 88% of KTRs early a�er 
transplanta�on and is associated with reduced long-term pa�ent survival, 
regardless of BP control defini�on. BP management is not op�mal and lower 
Na+ intake has no measurable impact on BP control.

BP management and long-term outcomes in kidney transplanta�on: a holis�c view over a 35-
year period. Lionel Tchatat Wangueu, Jean-Bap�ste de Fréminville, Philippe Gatault, Ma�hias Buchler, Hélène Longuet, 

Theodora Bejan-Angoulvant, Benedicte Sautenet, Jean-Michel Halimi, CHRU Tours, France.
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Results:
1.88% of KTRs had an�-HT medica�ons.
2.BP was controlled in 8.3%, 18.8% and 43.1%, respec�vely, depending on 
defini�on (BP<120/80, <130/80, <140/90 mmHg, respec�vely).
3.Two-thirds of pa�ents with uncontrolled BP received <3 an�-HT classes. 
4.Na+ intake <2g/day (vs ≥2) was not associated with be�er BP control

120/80 mmHg 130/80 mmHg 140/90 mmHg cut-off

Keywords  Kidney transplantation · Sodium intake · Guidelines · Proteinuria · Hypertension · Survival

Introduction

Hypertension is common among kidney transplant recipients 
(KTRs) and is recognized as a major risk factor for graft 
failure and death [1]. Over the last 25 years, international 
guidelines indicated that office blood pressure (BP) should 
be controlled in all hypertensive patients [1]. However, not 
all of them mentioned specific BP targets for KTRs, and 
when they did, various systolic and diastolic BP goals have 
been proposed (systolic BP: 120–140 mmHg; diastolic: 
80–90 mmHg) [2–7]. A BP target < 120 mmHg for systolic 
BP was advocated following the publication of the SPRINT 
trial but whether this target was possible or even desirable 
is still debated with regard to patients with chronic kidney 
disease and in KTRs [1, 8, 9].

It has been largely acknowledged that BP control is 
difficult in this population and often requires combina-
tion therapy [1, 2]. Causes of hypertension are probably 
multifactorial with an important contribution of reduced 
renal function, diabetes mellitus and older age [2]. Most 
guidelines indicate repeating BP measurements, reduc-
ing sodium intake < 2  g/day and preferentially using 
renin-angiotensin-system blockers (RAS-blockers) at 
least in patients with proteinuria [2–7]. The European 
Society of Hypertension (ESH) guidelines proposed an 
“optimal treatment strategy” (RAS-blockers, calcium-
channel blockers (CCBs) and diuretics) when 3 or more 

anti-hypertensive medications are necessary in hyperten-
sive non-transplanted populations [5]. However, this strat-
egy has not been evaluated in KTRs.

Finally, many uncertainties remain regarding manage-
ment of hypertension in KTRs including BP target, opti-
mal antihypertensive pharmacological treatments, and 
long-term effect of reduced sodium diet on BP. The long-
term benefits of adopting the guidelines should be assessed 
not only on BP control but also on patient survival and 
graft survival, and the clinical utility and implementa-
tion of guidelines including the latest ones [3, 6] must 
be addressed [10]. Randomized clinical trials are difficult 
to organize over the long term (> 10 years), but careful 
analyses of BP management and guidelines implementa-
tion in large cohorts provide important information [1]. In 
the present multicenter study, we assessed BP management 
and control as well as patient and graft survival in 2004 
KTRs over a 35-year period in the Centre-Val-de-Loire 
Area, France.

Methods

Patient selection and management

We conducted a retrospective analysis of 2440 consecutive 
kidney transplant recipients who received a first kidney 
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transplantation from October 1985 to December 2019 at 
the Tours university hospital (Indre-et-Loire, France). 
After discharge from hospital for kidney transplantation, 
medical consultations were organized from 1985 to 1997 
as follows: twice a week for 4 months, every week between 
the 4th and 9th month, every other week until the first 
post-transplant period. From 1997 to 2000, consultations 
were scheduled 3 times a week for 6 weeks, twice a week 
until the 5th month, every week in the 5th and 6th month, 
every other week between the 6th and 10th month, every 
month between the 11th and 18th month, every 2 months 
between the 19th and 24th months, then every 3 months. 
Since 2001, outpatient visits were less frequent, but 
patients had at least 21 programmed medical consulta-
tions during the first year. These patients were followed-
up in 12 nephrology centers, including 90.4% in the 10 
nephrology centers from the Centre-Val-de-Loire area (a 
2.6 million inhabitant area): Indre-et-Loire: 33.2%, Loir-
et-Cher: 12.3%, Eure-et-Loir: 13.0%, Indre: 8.1%, Cher: 
16.7% and Loiret: 16.6%. During these medical consulta-
tions, weight was recorded, thorough medical examination 
was performed, systolic and diastolic BP were measured in 
a standard way with the patient in a supine position after a 
few minutes’ rest (specifically, reported BP was measured 
on the arm without arteriovenous fistula and one measure-
ment was performed as is usual in real-life conditions). 
Modification of their treatments were prescribed by the 
nephrologists. Patients had additional medical consulta-
tions whenever necessary. Blood pressure guidelines were 
known by all nephrologists, and regular meetings were 
organized with all nephrologists from these 12 nephrology 
centers to standardize patient management.

Within the first year after kidney transplantation, 396 
patients returned to dialysis, died or had missing data. 
Thus, 2004/2440 (82.1%) patients were included in the 
present study.

Collected data

At the time of transplantation, the following variables were 
available: age, gender, diabetes status before transplanta-
tion and initial immunosuppression. At 12 months, the fol-
lowing variables were recorded: systolic and diastolic BP, 
body mass index (BMI), serum creatinine level (estimated 
glomerular filtration rate (eGFR) using CKD-EPI equation 
was calculated), urinary sodium excretion (since 2010) and 
proteinuria (both using a 24-h urine collection), immuno-
suppressive drugs and antihypertensive medications.

Ethics

Data were collected from our prospectively maintained 
institutional database of transplant patients and the ASTRE 
database [“commission nationale informatique et liberté” 
(CNIL) agreement number: DR-2012–518]. The study pro-
tocol was approved by the Ethics Committee in Human 
Research (Hôpital Bretonneau, CHU Tours, France) and 
is in accordance with the Helsinki declaration of 1975, 
as revised in 2013. Results are reported according to the 
STROBE Statement.

Statistical analyses

Results are expressed as percentages or means ± standard 
deviations or median and interquartile range (IQR). Quali-
tative variables were compared using Chi-square test. Con-
tinuous variables were compared between two groups using 
Student’s t test and between multiple groups using analysis 
of variance (ANOVA).

Patients were considered normotensive if they received 
no antihypertensive medications during the first year after 
transplantation. To ensure that patients without antihyper-
tensive drugs during the first year were really normotensive, 
we retrieved their BP values at 3 and 6 months. Patients 
were considered hypertensive if they were taking any antihy-
pertensive medication at the 12-month visit. Among hyper-
tensive patients, we analyzed whether (1) office BP was 
controlled using different target BP values (120/80 mmHg, 
130/80 mmHg and 140/90 mmHg). The 130/80 mmHg cut-
off value was our main analysis as this target BP value has 
been chosen by most contemporary guidelines (KDIGO 
2012, AHA 2017 and KDIGO 2019 guidelines [1, 4, 11, 
12]. However, as other cut-off BP values (120/80 mmHg and 
140/90 mmHg) are used in the European guidelines [13–15], 
we assessed the association between these 2 cut-off BP val-
ues and the outcomes (as sensitivity analyses);  we also 
assessed whether «appropriate» antihypertensive medica-
tions according to guidelines were used among hypertensive 
patients; we assessed whether salt intake was limited (i.e., 
urinary sodium excretion < 2 g/day–90 mmol/day, corre-
sponding to 5 g/day of sodium chloride) [6]. These analyses 
were performed in the whole cohort, and in patients with 
proteinuria ≥ 0.5 g/day and in patients receiving at least 3 
antihypertensive classes [5]. In this latter group, we assessed 
whether the combination therapy recommended by the ESH 
(“optimal treatment” i.e., RAS-blockers, CCB and diuretics) 
was preferentially used [5].

During follow-up, events of interest for survival analyses 
were patients’ death with a functioning graft and graft loss 
(dialysis or new transplantation). As graft loss and death 
with a functioning graft (DWFG) are competing events, 
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we used the cumulative incidence competing risk (CICR) 
method to evaluate the predicted probability of death and 
graft loss. Hazard ratios and 95% confidence intervals were 
estimated with the subdistribution hazard approach proposed 
by Fine and Gray [16]. Schoenfeld residuals confirmed pro-
portional hazard assumption.

We analyzed the risk of patient and graft survival in the 
whole cohort, in patients with proteinuria ≥ 0.5 g/day, in 
patients receiving at least 3 antihypertensive classes. We 
analyzed whether sodium intake < 2 g/day (vs ≥ 2/day) and 
RAS-blockers (vs no RAS-blockers) were associated with 
better patient and graft survival among patients with protein-
uria, and whether the combination therapy recommended by 
the European Society of Hypertension was associated with 
better patient and graft survival (vs other treatment combina-
tions). Finally, we compared the risk of death and graft loss 
among the 4 main antihypertensive classes (RAS-blockers, 
CCBs, diuretics and beta-blockers (BBs)) in multivariable 
analyses. Analyses were performed using the statistical 
software RStudio (RStudio Team, 2015, v1.4.1103, Boston, 
MA, USA).

Results

Patient characteristics

Among the 2004 included patients, median age was 54.7 
[IQR: 41.8–63.9], two-thirds of patients were male and 
17.0% had diabetes (Table 1). Estimated GFR at 12 months 
was < 45 mL/min/1.73 m2 in one third of patients. Pro-
teinuria values were available in 1652 patients, and mean 
proteinuria was 0.47 ± 1.35 g/day. Urinary sodium excre-
tion was available in 810/2004 patients. Mean sodium 
intake was 165 ± 80 mmol/day (i.e., mean sodium intake 
was 4.4 ± 1.8 g/day or mean sodium chloride intake was 
9.2 ± 4.4 gday). Most patients received calcineurin inhibi-
tors (CNIs) and 64.3% were still on steroids at the 12-month 
visit (Table 1).

Anti-hypertensive medications were used in 1763/2004 
(88.0%) patients at 12 months (median number of anti-
hypertensive medications: 2 [interquartile range: 1–3]). 
Beta blockers  (BBs); 66.6%), calcium channel blockers 
(CCBs) (61.0%), diuretics (20.8%) and renin-angioten-
sin-system  (RAS)-blockers (35.6%) were mostly used 
(Table 1). SBP/DBP values in 241 normotensive patients 
(i.e., patients without antihypertensive drugs at 12 months) 
were 127 ± 15/76 ± 11  mmHg, and 178 (73.8%) had a 
BP < 140/90  mmHg. The SBP/DBP of the 63 (26.2%) 
remaining patients was 144 ± 12/85 ± 10 mmHg. Their SBP/
DBP at 3 and 6 months was 131 ± 12/77 ± 10 mmHg and 
132 ± 13/79 ± 12 mmHg, respectively.

Table 1   Baseline characteristics at 12  months after transplantation 
among 2004 kidney transplant recipients

CKD chronic kidney disease

Number of patients 2004
  ≤ 2000 (n (%)) 422 (21.0)
 2001–2005 (n (%)) 280 (14.0)
 2006–2010 (n (%)) 405 (20.2)
 2011–2015 (n (%)) 464 (23.2)
  > 2015 (n (%)) 433 (21.6)

Age (years) [interquartile range] 54.7 [41.8–63.9]
Sex (n, % male) 1278 (63.7)
Body mass index (kg/m2) (mean ± standard devia-

tion)
25.8 ± 5.0

 Lean (%) 964 (48.1)
 Overweight (%) 687 (34.3)
 Obese (%) 353 (17.6)

Active smoking (%) 150 (7.5)
Smoking cessation (%) 361 (18.0)
Recipient diabetes (%) 341 (17.0)
Systolic BP (mmHg) (mean ± standard deviation) 138 ± 17
Diastolic BP (mmHg) (mean ± standard deviation) 78 ± 11
Serum creatinine (µmol/L) (mean ± standard devia-

tion)
132 ± 47.4

Estimated glomerular filtration rate (ml/
min/1.73m2) (mean ± standard deviation)

55.4 ± 22.4

 CKD 1 (%) 6.9
 CKD 2 (%) 29.1
 CKD 3a (%) 29.6
 CKD 3b (%) 23.9
 CKD 4 (%) 9.4

Urinary sodium excretion (mmol/24 h) (n = 810) 
(mean ± standard deviation)

165 ± 80

Proteinuria (g/24 h) (mean ± standard deviation) 0.47 ± 1.35
Immunosuppressive medications at 12 months
 Steroid (%) 1289 (64.3)
 Calcineurin inhibitor (%) 1838 (91.7)
 mTOR inhibitor (%) 158 (7.9)
 Mycophenolate mofetil (%) 1631 (81.4)
 Azathioprine (%) 236 (11.8)

Antihypertensive treatment at 12 months (n = 1763)
 Angiotensin-converting enzyme inhibitors 316 (17.9)
 Angiotensin receptor blockers 324 (18.4)
 Renin-angiotensin-system blockers (%) 628 (35.6)
 Beta-blockers (%) 1174 (66.6)
 Calcium-channels blockers (%) 1075 (61.0)
 Diuretics (%) 367 (20.8)
 Other antihypertensive drugs (%) 363 (20.6)

Number of antihypertensive medications 2 [1–3]
Anti-diabetic medications (%) 323 (16.1)
Statins (%) 665 (33.2)
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Office BP control at the 12‑month visit according 
to baseline characteristics and BP control definition 
among treated patients

Office BP control was 8.3% (BP < 120/80 mmHg), 18.2% 
(BP < 130/80 mmHg) and 43.1% (BP < 140/90 mmHg), 
respectively, depending on the definition of BP control in the 
1763 treated patients. Blood pressure control significantly 
improved from the 1985–2000 to the 2001–2020 period. 
However, during the 2001 to 2020 period, there was no sig-
nificant improvement (Table 2).

Office BP control was significantly lower in patients with 
diabetes (vs no diabetes), eGFR < 45 (vs ≥ 45), proteinu-
ria > 0.5 g/day (vs ≤ 0.5 g/day), higher BMI (obesity vs lean 
or overweight), patients aged > 65 (vs ≤ 65) (Table 2). No 
significant difference in BP control was found for use of 
steroid (vs no steroid), CNI (vs no CNI), mTOR inhibitor 
(vs no mTOR inhibitor), and men (vs women) (Table 2).

Office BP control at the 12‑month visit according 
to management

All treated patients (n = 1763)

Sodium intake was < 2  g/day (urinary sodium excre-
tion < 90 mmol/day) in 15.6% of patients. There was no 
significant difference in BP control in patients with sodium 
intake < 2 g/day (vs ≥ 2 g/day) (Table 3). As expected, BP 
control was lower in patients needing more antihyperten-
sive classes (Table 3). Among the antihypertensive classes, 
RAS-blockers and CCBs (vs diuretics and BBs) were sig-
nificantly associated with better BP control in univariate 
analyses (Table 3).

Treated patients with proteinuria (n = 365)

Proteinuria ≥ 0.5  g/day was present in 365 patients 
(mean ± standard deviation: 1.56 ± 2.57 g/day). Among 
them, RAS-blockers were used in 45.2% and sodium intake 
was < 2/day in 8.5%, respectively (Table 3). There was no 
significant difference in BP control according to RAS-
blockade (vs no RAS-blockade) and sodium intake < 2 g/
day (vs ≥ 2 g/day) (Table 3).

Patients with ≥ 3 antihypertensive classes (n = 537)

Overall, 537/1763 (30.5%) patients received at least 3 anti-
hypertensive drugs; among them, optimal pharmacological 
treatment according to the ESH guidelines was achieved in 
13.2% and sodium intake was < 2 g/day in 10.9%. No sig-
nificant difference in BP control was observed in patients 
receiving ESH optimal pharmacological treatment (vs other 

combination therapies) and in those with sodium intake < 2 
(vs ≥ 2 g/day) (Table 3).

Survival over the 35‑year period according to office 
BP control at the 12‑month visit

Survival models according to BP control groups were 
adjusted on sex, age > 65  years, diabetes, proteinuria, 
eGFR > 45 ml/min.1.73m2, graft vintage, steroids, CNIs, 
mycophenolate mofetil, donor age, donor sex, and donor dia-
betes (patient survival), and BMI (patient survival) or acute 
rejection at 1 year (graft survival). The same analyses were 
also performed with age as a continuous variable. Survival 
models according to antihypertensive medications (RAS-
blockers, diuretics, beta-blockers, number of antihyperten-
sive classes) were adjusted on sex, age > 65 years, diabetes, 
proteinuria, eGFR > 45 ml/min.1.73m2, graft vintage, acute 
rejection at 1 year, steroids, CNI, mycophenolate mofetil, 
donor age, donor sex, donor diabetes and other antihyper-
tensive medications (patient survival), and acute rejection 
at 1 year (graft survival). Doses of antihypertensive medi-
cations were not collected and could not be added to our 
model.

Patient survival in the whole population (n = 2004)

During follow-up (26,232 patient-years (range: 
1.4–35.2  years)), 379 patients died while 403 patients 
returned to dialysis or had a new kidney graft. Uncontrolled 
vs controlled BP, and controlled BP vs normotension were 
associated with reduced patient survival over the 35-year 
period, irrespective of BP control definition (Fig. 1). After 
adjustments, uncontrolled BP remained significantly associ-
ated with worse patient survival (supplemental Table 1a). 
Analyses were also performed with age as a continuous vari-
able and confirmed the association between uncontrolled 
BP and worse patient survival (target 120/80: HR = 2.16 
[CI95% 1.23–3.79]; target 130/80 mmHg: HR = 1.72 [CI95% 
0.99–3.01]; target 140/80: HR 2.38 [CI95% 1.34–4.21]). No 
significant association was demonstrated between specific 
antihypertensive classes used and the risk of patient death 
in multivariable analyses (Supplemental Table 2). Sodium 
intake < 2 g/day (vs ≥ 2 g/day) was not associated with better 
patient survival (Fig. 2).

Graft survival in the whole population (n = 2004)

Uncontrolled BP was associated with reduced graft survival 
over the 35-year period, irrespective of BP control definition 
in univariate analysis (Fig. 3) but not after adjustments (sup-
plemental Table 1b). No significant association was dem-
onstrated between use of specific antihypertensive classes 
and the risk of graft survival in multivariable analyses 
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Table 2   Blood pressure control at 12 months among the 1763 treated kidney transplant recipients according to baseline characteristics and BP 
control definition

SBP/DBP (mmHg) Controlled office blood pressure (%)

 < 120/80 mmHg  < 130/80 mmHg  < 140/90 mmHg

All patients (n = 1763) 140 ± 17/78 ± 11 8.3 18.2 43.1
1985–2000 vs 2001–2020 period
 1985–2000 (n = 384) 141 ± 18/82 ± 11 5.2 9.4 30.5
 2001–2020 (n = 1379) 140 ± 17/77 ± 11 9.3 20.6 46.5
 p value 0.629 / < 0.001 0.017  < 0.001  < 0.001

Periods from 2001 to 2020
 2001–2005 (n = 246) 136 ± 17/77 ± 12 11.4 22.8 48.8
 2006–2010 (n = 359) 138 ± 16/77 ± 11 9.7 25.0 49.3
 2011–2015 (n = 398) 141 ± 16/77 ± 11 8.0 17.1 43.5
 2016–2020 (n = 376) 142 ± 18/77 ± 11 8.2 18.6 45.7
 p value  < 0.001/ < 0.001 0.458 0.029 0.361

Men vs women
 Men (n = 1164) 140 ± 17/79 ± 11 7.6 17.0 42.0
 Women (n = 599) 139 ± 17/76 ± 11 9.5 20.4 45.1
 p value 0.389/ < 0.001 0.177 0.083 0.218

Age < 65 vs ≥ 65
 Age < 65 (n = 1330) 138 ± 16/78 ± 11 9.1 19.9 46.0
 Age ≥ 65 (n = 433) 145 ± 17/74 ± 11 5.0 10.9 29.1
 p value  < 0.001/ < 0.001 0.029  < 0.001  < 0.001

Lean vs overweight vs obese
 Lean (n = 777) 138 ± 17/78 ± 11 9.8 21.4 47.9
 Overweight (n = 612) 141 ± 16/79 ± 12 7.0 15.4 40.2
 Obese (n = 330) 143 ± 16/77 ± 11 6.1 15.2 36.4
 p value  < 0.001/0.053 0.056 0.005  < 0.001

eGFR ≥ 45 vs < 45 ml/min/1.73m2

 eGFR < 45(n = 635) 144 ± 17/77 ± 12 6.1 15.1 36.4
 eGFR ≥ 45 (n = 1128) 138 ± 16/79 ± 11 9.5 19.9 46.8
 p value  < 0.001/0.003 0.014 0.013  < 0.001

Proteinuria ≥ 0.5 g/day vs < 0.5 g/day
 Proteinuria ≥ 0.5 g/day (n = 349) 145 ± 17/79 ± 12 4.3 10.6 33.5
 Proteinuria < 0.5 g/day (n = 1133) 138 ± 16/78 ± 11 9.1 19.4 44.8
 p value  < 0.001/0.844 0.004  < 0.001  < 0.001

Diabetes vs no diabetes
 Diabetes (n = 326) 145 ± 17/ 74 ± 11 5.5 15.3 35.9
 No diabetes (n = 1437) 139 ± 16/ 79 ± 11 8.9 18.9 44.7
 p value  < 0.001 / < 0.001 0.045 0.106 0.004

mTOR inhibitor vs no mTOR inhibitor
 mTOR inhibitor (n = 150) 141 ± 15/76 ± 11 4.0 17.3 42.7
 No mTOR inhibitor (n = 1613) 140 ± 17/78 ± 11 8.7 18.2 43.6
 p value 0.483/0.005 0.047 0.786 0.921

Calcineurin inhibitor (CNI) vs no CNI
 CNI treatment (n = 1607) 140 ± 17/78 ± 11 8.5 18.0 43.2
 No CNI treatment (n = 156) 141 ± 16/76 ± 12 6.4 19.2 41.0
 p value 0.325/0.005 0.375 0.559 0.593

Steroid vs no steroid
 Steroid treatment (n = 1156) 140 ± 17/78 ± 11 8.2 18.4 43.4
 No steroid treatment (n = 607) 139 ± 17/79 ± 11 8.4 17.6 42.0
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Table 2   (continued)

SBP/DBP (mmHg) Controlled office blood pressure (%)

 < 120/80 mmHg  < 130/80 mmHg  < 140/90 mmHg

 p value 0.482/0.189 0.894 0.680 0.662

Table 3   BP control at 12 months according to management and BP control definition

RAS-blockers renin-angiotensin-system blockers (angiotensin-converting enzyme inhibitors or angiotensin receptor blockers); SBP systolic blood 
pressure; CCB calcium-channel blockers; ESH European Society of Hypertension; optimal treatment RAS-blockers + CCB + diuretic; DBP dias-
tolic blood pressure
SBP: RAS-blockers vs no RAS-blockers: p < 0.001; CCB vs no CCB: p = 0.046; diuretic vs no diuretic: p < 0.001; beta-blockers vs no beta-
blockers: p < 0.001
DBP: RAS-blockers vs no RAS-blockers: p < 0.579; CCB vs no CCB: p = 0.073; diuretic vs no diuretic: p < 0.001; beta-blockers vs no beta-
blockers: p < 0.966

Controlled office blood pressure (%)

n (%) SBP/DBP <120/80 mmHg <130/80 mmHg <140/90 mmHg

Sodium intake (n = 810)
  < 2 g/day (%) 129 (15.9) 139 ± 17/77 ± 13 8.2 15.5 42.7
  ≥ 2 g/day (%) 681 (84.1) 140 ± 16/77 ± 11 7.1 16.6 43.4
 p value 0.631/0.445 0.676 0.758 0.902

Number of antihypertensive medications (n = 1763)
 1 class (%) 606 (34.4) 135 ± 17/78 ± 11 12.0 24.8 52.6
 2 classes (%) 620 (35.2) 139 ± 15/79 ± 11 7.6 16.3 44.4
 3 classes (%) 363 (20.6) 144 ± 16/77 ± 11 5.8 15.2 34.2
 4 classes (%) 137 (7.8) 149 ± 17/79 ± 13 2.2 7.3 26.3
 5 classes (%) 37 (2.1) 157 ± 21/ 74 ± 12 5.4 10.8 13.5
 p value  < 0.001 / < 0.001  < 0.001  < 0.001  < 0.001

Classes of antihypertensive medications (n = 1763)
 RAS-blockers (%) 628 (35.6) 142 ± 17/78 ± 12 15.6 26.6 53.2
 Calcium-channel blockers (%) 1075 (61.0) 141 ± 16/79 ± 11 7.2 16.1 48.6
 Diuretics (%) 367 (20.8) 145 ± 19/75 ± 12 8.5 17.4 34.1
 Beta-blockers (%) 1174 (66.6) 141 ± 17/78 ± 11 7.8 18.2 43.4
 p value  < 0.001 / < 0.001 0.038 0.094  < 0.001

Patients with proteinuria ≥ 0.5 g/day (n = 365)
 RAS-blockers vs no RAS-blockers
  RAS-blockers (%) 165 (45.2) 147 ± 17/80 ± 13 2.4 7.9 29.1
  No RAS-blockers (%) 200 (54.8) 143 ± 18/78 ± 11 6.0 13.0 37.5
  p value 0.543 0.102 0.118 0.097

 Sodium intake (n = 176)
   < 2 g/day (%) 15 (8.5) 146 ± 18/76 ± 16 6.7 6.7 47.7
   ≥ 2 g/day (%) 161 (91.5) 147 ± 16/78 ± 11 3.7 9.3 28.8
  p value 0.276 0.577 0.733 0.129

Patients with ≥ 3 antihypertensive medications (n = 537) 4.8 12.8 30.7
 ESH "optimal" vs "non-optimal" pharmacological treatment
  Optimal pharmacological treatment (%) 71 (13.2) 141 ± 16/77 ± 13 4.2 9.9 22.5
  Non-optimal pharmacological treatment (%) 466 (86.8) 141 ± 16/77 ± 13 4.9 13.3 32.0
  p value 0.750 0.795 0.419 0.108

 Sodium intake (n = 257)
   < 2 g/day (%) 28 (10.9) 146 ± 20/76 ± 12 7.1 17.9 42.9

    ≥ 2 g/day (%) 229 (89.1) 146 ± 16/77 ± 11 5.2 12.2 32.3
    p value 0.703 0.675 0.401 0.264
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(Supplemental Table 2). Sodium intake < 2 g/day (vs ≥ 2 g/
day) was not associated with better graft survival (Fig. 2).

Patient and graft survival among patients with proteinuria

There was no significant difference in patient or graft sur-
vival according to RAS-blocker use (vs no RAS-blockers) 
(supplemental Fig. 1a and 1b) and sodium intake < 2 g/day 
(vs ≥ 2 g/day) (supplemental Fig. 2a and 2b).

Patient and graft survival among patients receiving at least 
3 antihypertensive classes

There was no significant difference in patient or graft sur-
vival according to the ESH optimal pharmacological treat-
ment (vs other antihypertensive treatment combinations) 
(4) (supplemental Fig. 3a and 3b) and sodium intake < 2 g/
day vs (≥ 2 g/day) (supplemental Fig. 4a and 4b).

 120/80 mmHg cut-off  130/80 mmHg cut-off 

 140/90 mmHg cut-off

a b

c

Fig. 1   Patient survival according to BP groups (uncontrolled BP, con-
trolled BP, normotension) and BP control definition in 2004 kidney 
transplant recipients (crude analysis). < 120/80  mmHg (BP control 
definition): controlled BP vs normotension: hazard ratio (HR): 3.40 
[1.74–6.65], p < 0.0001; uncontrolled vs normotension: HR: 3.87 
[2.22–6.72], p < 0.0001; uncontrolled vs controlled BP: HR: 2.05 
[1.47–2.86], p < 0.0001. < 130/80  mmHg (BP control definition): 

controlled BP vs normotension: hazard ratio (HR): 3.08 [1.68–5.66], 
p < 0.0001; uncontrolled vs normotension: HR: 3.99 [2.29–6.93], 
p < 0.0001; uncontrolled vs controlled BP: HR: 1.84 [1.21–2.41], 
p < 0.0001. < 140/90  mmHg (BP control definition): controlled BP 
vs normotension: hazard ratio (HR): 3.00 [1.70–5.32], p < 0.0001; 
uncontrolled BP vs normotension: HR: 4.42 [2.54–7.71], p < 0.0001; 
uncontrolled vs controlled BP: HR: 1.76 [1.43–2.17], p < 0.0001
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Discussion

In the present multicenter study conducted in 2004 KTRs 
over a 35-year period, hypertension defined as the use of 
one or more antihypertensive medications was present in 
88.0% at 12 months, sodium intake was < 2 g/day in 1 out 
of 6 patients, less than half of patients with proteinuria 
received RAS-blockers, and 1 patient out of 7 had optimal 
treatment according to the ESH guidelines when 3 or more 
antihypertensive classes were used [5]. At the 12-month 
visit (i.e., after more than 21 outpatient visits), office BP 
control varied from 8.3% to 43.1% depending on BP control 
definition, and these results have not improved since 2001. 
Only a third of patients with uncontrolled BP received 3 or 
more antihypertensive classes. Office BP control was not 
significantly influenced by sodium intake and specific anti-
hypertensive classes. Uncontrolled BP was associated with 
reduced patient survival and graft survival (in univariate 
analysis), irrespective of BP control definition. In contrast, 
respect of the recommendations and use of specific antihy-
pertensive classes had no measurable impact on patient and 
graft survival.

First, guidelines that we were able to test were respected 
in only a minority of patients [2–7]. These guidelines shared 
the importance of lowering sodium intake [2–7]. Sodium 
intake was assessed in the whole population, in patients 
with proteinuria, and in those with multiple antihyperten-
sive classes, and very disappointing results were found. 
In the literature, similar results regarding sodium intake 
were observed in 610 KTRs in a study from the Nether-
lands [17]. In the Dutch study, 95% of KTRs had a sodium 
intake > 70 mmol/day [17]. In 270 KTRs from Spain, 87% of 
patients had an excessive sodium intake [18]. Furthermore, 
in our study, sodium intake ≥ 2 g/day was not associated with 
worse BP control (vs sodium intake < 2 g/day) in the whole 
population, in patients with proteinuria and in those with 3 
or more antihypertensive classes, suggesting that lowering 

sodium intake was not better implemented in patients at high 
renal and cardiovascular risk. Although excessive sodium 
intake is universally cited as a cause of resistant hyper-
tension, data regarding this issue are scarce in KTRs. In a 
study involving 38 KTRs, reduction of sodium intake for 
14 days resulted in lower BP values [19]. In another study, 
sodium excretion was independently associated with higher 
BP values [18]. Other short-term interventions on dietary 
sodium restriction resulted in BP decrease [20]. Our own 
findings suggest that sodium intake likely does not play a 
major role over the long-term as compared to other impor-
tant factors such as obesity, low eGFR, diabetes and older 
age. As developed in a recently published consensus paper 
[1], mechanisms of hypertension in KTRs included (among 
others) extra-cellular fluid expansion, increased sympa-
thetic nerve activity and arterial stiffness. Arterial stiffness 
may play a major role in uncontrolled BP in KTRs, and low 
sodium diet does correct arterial stiffness. Accordingly, 
older patients > 65 who are at the highest risk of increased 
arterial stiffness had a very high risk of uncontrolled BP 
in the present study. The absence of beneficial long-term 
effects of low sodium diet on patient and graft survival also 
deserves comment. Low sodium diets may improve extra-
cellular fluid expansion, but can also enhance angiotensin 
II and aldosterone secretion, which could have deleterious 
effects on kidney and patient survival.

Second, we assessed the implementation of international 
guidelines regarding pharmacological management of BP 
[2–7]. Half of the patients with proteinuria ≥ 0.5 g/day (cor-
responding to severely increased albuminuria (A3)) [21] 
were not treated by RAS-blockers. Obstacles to the use 
of RAS-blockers have been extensively studied and they 
include increase in serum creatinine and hyperkalemia [22, 
23]. Hyperkalemia is frequently present in KTRs due to low 
GFR, diabetes mellitus, congestive heart failure, CNI use 
and acidosis). RAS-blockers may reduce hemoglobin levels, 
and therefore are avoided during the first months following 

patient survival (n=810 patients; hazard ratio: 0.77 [0.46-1.28], p=0.32). graft survival (n=810; hazard ratio: 0.91 [0.47-1.77], p=0.78).a b

Fig. 2   Patient and graft survival according to sodium intake (≥ 2 g vs < 2 g/day) in the whole population (n = 2004) (crude analysis)



1940	 Journal of Nephrology (2023) 36:1931–1943

1 3

transplantation. It was not possible to identify the exact date 
of the initiation of RAS-blockers, and the percentage (and 
reasons) of RAS-blocker withdrawal before 1 year in our 
study. These obstacles play a major role in RAS-blocker 
withdrawal or avoidance, even in these high-risk patients. 
We also assessed whether the optimal treatment proposed 
in ESC/ESH guidelines for patients treated with at least 3 
antihypertensive medications could result in better BP con-
trol [5]. Less than 1 in 5 received the combination of RAS-
blockers, CCBs and diuretics among these patients, and BP 
control was not better achieved using this strategy vs other 
antihypertensive medications. To the best of our knowledge, 
this strategy has not been tested in randomized clinical trials 

or in large cohorts among KTRs. Our present results do not 
support a superiority of this strategy vs other therapeutic 
combinations regarding BP control in KTRs.

Third, uncontrolled BP had a more significant impact on 
patient than graft survival, irrespective of BP control defi-
nition. Multivariable analyses indicated that uncontrolled 
BP (vs controlled BP or normotension) was associated with 
worse patient survival but not graft survival. However, less 
than 10% of patients had a BP < 120/80 mmHg in our study. 
Due to the design of our study, our findings do not prove 
that uncontrolled BP or the use of specific classes of anti-
hypertensive medications cause decreased patient or graft 
survival, and the risk of unknown bias has to be considered. 

 120/80 mmHg cut-off  130/80 mmHg cut-off

 140/90 mmHg cut-off

a b

c

Fig. 3   Graft survival according to BP groups (uncontrolled BP, con-
trolled BP, normotension) and BP control definition in 2004 kidney 
transplant recipients (crude analysis). 120/80  mmHg (BP control 
definition): controlled BP vs normotension: hazard ratio (HR): 1.27 
[0.75–2.16], p = 0.380; uncontrolled vs normotension: HR: 1.55 
[1.07–2.22], p = 0.019; uncontrolled vs controlled BP: HR: 1.40 
[1.05–1.85], p = 0.02. 130/80  mmHg (BP control definition): con-

trolled BP vs normotension: hazard ratio (HR): 1.32 [0.85–2.04], 
p = 0.220; uncontrolled vs normotension: HR: 1.57 [1.09–2.26], 
p = 0.016; uncontrolled vs controlled BP: HR: 1.33 [1.05–1.68], 
p = 0.02. 140/90  mmHg (BP control definition): controlled BP vs 
normotension: hazard ratio (HR): 1.28 [0.87–1.89], p = 0.210; uncon-
trolled BP vs normotension: HR: 1.69 [1.17–2.45], p = 0.005; uncon-
trolled vs controlled BP: HR: 1.39 [1.14–1.69], p = 0.001



1941Journal of Nephrology (2023) 36:1931–1943	

1 3

In addition, uncontrolled BP itself could be a marker of 
renal parenchymal damage due to many parameters includ-
ing chronic rejection, donor age or donor characteristics. 
We did not measure the Kidney Donor Profile Index. How-
ever, we entered donor age, donor sex and donor diabetes as 
covariates in our models and our results were qualitatively 
unchanged. Patient and graft survival appeared as a priority 
for patients and physicians in the Standardized Outcomes in 
Nephrology— Kidney Transplantation (SONG-Tx) project 
[24, 25], and therefore our results support the view that sys-
tolic BP should be lowered towards 120 mmHg whenever 
possible. Sadly, two-thirds of patients with uncontrolled BP 
received only 1 or 2 antihypertensive classes, highlighting 
the prominent role of therapeutic inertia in most patients 
[10].

Fourth, implementation of guidelines regarding sodium 
intake and specific pharmacological treatments was not 
associated with better survival over a 35-year period in our 
cohort. However, we did not find any relationship between 
low sodium intake and graft and patient survival in this 
cohort. This does not mean that sodium reduction does not 
have favorable effects on cardiovascular and renal outcomes 
in KTRs. Furthermore, we did not assess drug adherence, 
and it is noteworthy that excessive sodium intake may also 
be a marker of poor therapeutic adherence. It is largely 
acknowledged that most guidelines regarding pharmaco-
logical management are not based on hard data. Latest rec-
ommendations clearly indicate that « the most important 
recommendation for future research for BP management in 
KTRs is adequately powered randomized trials evaluating 
the cardiovascular, kidney, and survival effects of targeting 
SBP»[26]. However, it is probably impossible to organize 
long-term (> 10 years) randomized clinical trials to assess 
the optimal BP target and treatment in KTRs.

The limits of our multicenter study are numerous: it is 
a retrospective study, and allocation of treatments was not 
randomized. Office BP measurement was not unattended. In 
this study, BP was measured in a supine position; this posi-
tion was in accordance with the French Recommendations 
up to 2005 [27]. Blood pressure values may be influenced 
by body position, from supine to seated position, and thus 
may constitute a limitation in our study. However, in the 
large study of Privsek et al., SBP was higher in the seated 
position than in supine position in 39% of patients; SBP was 
higher in the supine position than in seated position in 34% 
and was similar regardless of the positions in the remaining 
27% patients [28]. Of note, other parameters can contribute 
to inaccurate BP measurement in KTRs including dialysis 
vintage [29] and vascular calcification[30].

The BP value at 12 months was considered, although 
it is well known that BP may vary over time. To over-
come this issue, we used 3 different cut-off values defin-
ing « BP control» (from 120 to 140 mmHg for SBP and 

from 80 to 90 mmHg for DBP). However, although these 
sensitivity analyses are important, this effort may not be 
sufficient as one single BP measurement at a fixed time 
may not represent the usual BP of the patients. A sin-
gle BP measurement was used and may not reflect BP 
values during the whole follow-up of these patients and 
may have limited predictive value with regard to long-
term patient outcome. Causes of death (CV vs non-CV) 
were not analyzed. Although BP was measured using auto-
mated devices adapted for arm size, recalibration of these 
devices was probably not systematically done during the 
35-year follow-up period. In addition, BP was measured 
by many physicians enhancing the heterogeneity of BP 
measurement.

The use of ambulatory BP monitoring was not consid-
ered as it is not mandatory even in most recent guidelines 
despite a systematic review supporting it [31]. The use of 
office BP was relevant as it is still the most frequently used 
method for BP measurement. Importantly, masked hyper-
tension was more frequent than white-coat hypertension in 
KTRs, so the absence of ambulatory BP monitoring could 
have led to BP control underestimation rather than over-
estimation in our study [31]. The dose of antihypertensive 
medications was not analyzed. Coronary artery disease 
rather than hypertension could be the indication of beta-
blockers when used alone in some patients.

Our study also has some strengths. It is probably the 
largest study focused on BP control in KTRs, and it is also 
the study with the longest duration in this population. No 
other study has analyzed BP management, implementation 
of pharmacological and nonpharmacological guidelines 
and patient and graft survival in relation to BP control over 
a 35-year period. Nephrologists of all centers involved 
were aware of guidelines regarding BP measurement and 
control and were properly trained. Blood pressure values 
were considered at 12 months after transplantation, that 
is, at least after 21 outpatient visits with systematic BP 
measurement.

In conclusion, respect of the guidelines concerns only a 
minority of KTRs. Office BP control is poor, and has not 
improved since 2001. Implementation of the guidelines 
that we analyzed did not lead to better results. Uncontrolled 
BP was associated with reduced patient survival, and to a 
lesser extent, with reduced graft survival, even when the 
120/80 mmHg cut-off was used, with no clear benefit of 
one class of antihypertensives over the others. These data, 
based on one of the largest multicenter studies in KTRs and 
with the longest follow-up, could help refine international 
guidelines regarding BP control and management in this 
population. They support the view that home or ambula-
tory BP monitoring should be recommended, and that it is 
now time to organize randomized clinical trials using home 
ambulatory BP monitoring in KTRs [1, 10, 31].
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