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Abstract Background Hypertension affects 70–90 % of

all kidney transplant recipients. It is associated with poor

graft survival and is a contributing factor to the increased

cardiovascular mortality. The reasons for the insufficient

blood pressure control in transplanted patients have not

been thoroughly investigated. Objective To evaluate the

extent of blood pressure control in Jordanian hypertensive

renal transplant recipients and to assess factors associated

with such control. Setting Three outpatient renal transplant

clinics in Amman. Method A cross-sectional observational

study including 181 patients. We have considered blood

pressure \130/80 mm Hg as controlled hypertension.

Bivariate and multivariate logistic regression analyses

were used to determine clinical factors associated with

achievement of blood pressure control. Main outcome

measures Proportion of patients who achieved hyperten-

sion control and clinical factors associated with good blood

pressure control. Results Mean systolic blood pressure was

128.6 ± 16.3 mm Hg and mean diastolic blood pressure

was 82.8 ± 11.5 mm Hg. Blood pressure control was

achieved only in 58 % of patients. The most commonly

prescribed antihypertensives were calcium channel block-

ers (58 %) followed by beta-blockers (44 %). In bivariate

analysis, female gender (p = 0.017) and creatinine clear-

ance (p = 0.002) were positively associated, while number

of antihypertensive medications was inversely associated

(p = 0.04) with achievement of blood pressure control.

After including these factors in multivariate logistic

regression analysis, only creatinine clearance remained

independently associated with hypertension control (odds

ratio, OR 1.04; 95 % confidence interval [CI] 1.01–1.06;

p = 0.003). Conclusion Blood pressure control among

renal transplant recipients in Jordan was found to be

inadequate. The only factor found to be independently

associated with adequate blood pressure control was cre-

atinine clearance.
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Impact of findings on practice

• Blood pressure control in Jordanian renal transplant

patient needs to be improved.

• Among clinic-demographic factors studied, only creat-

inine clearance was found to be associated with blood

pressure control.
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Introduction

Hypertension (HTN) affects 70–90 % of all kidney trans-

plant recipients [1–3]. The factors precipitating HTN in this

population include pre-existing essential HTN, native

kidney-mediated HTN, renal transplant artery stenosis,

rejection episodes, use of corticosteroids and calcineurin

inhibitors (cyclosporine or tacrolimus) [2, 4, 5].

HTN is associated with poor graft survival and reduces

life expectancy in transplant recipients; moreover, HTN is

a contributing factor to the increased cardiovascular mor-

tality seen in renal transplant patients [5].

Opelz and Dohler demonstrated improved long-term out-

comes after renal transplantation associated with blood pres-

sure (BP) control [6]. Many factors, such as chronic allograft

dysfunction, need for lifelong use of immunosuppressive

drugs (steroids, cyclosporine, tacrolimus), obesity, salt

retention, renin secretion from diseased native kidneys, and

the fear of angiotensin converting enzyme inhibitors (ACEIs)

in transplanted patients are discussed as the major reasons for

inadequate BP control in transplanted patients [7, 8].

Aim of the study

To evaluate the extent of BP control in Jordanian hyper-

tensive renal transplant recipients (RTRs) and to assess

factors associated with such control.

Method

Study nature, settings, sampling frame and procedure

A cross-sectional observational study was conducted by spe-

cially trained field workers in several outpatient renal transplant

clinics in Amman between October 2008 and January 2010.

All nephrologists who manage renal transplant patients in

the Jordan University Hospital, Al-Basheer Hospital and

King Hussain Medical Center, were approached and asked to

enroll all consecutive eligible RTRs. Inclusion criteria:

adults (18 years and above), kidney transplant since more

than 6 months, tacrolimus (TAC)-based immunosuppres-

sion regimen, hypertension diagnosed by a nephrologist.

Exclusion criteria: non-Caucasians and pregnant patients.

All patients were maintained on triple immunosuppressive

therapy including tacrolimus, prednisone and either myco-

phenolate or azathioprine. This work was a part of a larger

study that assessed management of RTRs. Informed consent

was obtained from every patient, and the study was approved

by the Deanship of Scientific Research (The University of

Jordan, Jordan) and the Research Ethics Committee of the

hospitals where the research was performed.

Data collection

The data collection form contained patient’s demographic

data, medical history, clinical and laboratory data and

current medications.

BP Measurement, definition of HTN and BP control

BP was measured two times on the right arm supported at heart

level with a conventional (mercury) sphygmomanometer and

correctly sized cuff with the participant seated after at least a

5-min rest, and with a 2-min rest between measurements.

Systolic blood pressure (SBP) was based on the first Korotkoff

phase and diastolic blood pressure (DBP) on the fifth Ko-

rotkoff phase. The average of the two readings was used for

analysis. Hypertension was diagnosed by a nephrologist, as

defined by the Seventh Report of the Joint National Com-

mittee on Prevention, Detection, Evaluation, and Treatment of

High Blood Pressure (JNC 7), if SBP was [140 mm Hg,

DBP [ 90 mmHg, or the patient needed antihypertensive

therapy [10]. BP was considered to be controlled if SBP was

\130 mm Hg and DBP was\80 mm Hg [10–15].

Statistical analysis

All data were entered and analyzed using the Statistical

Package for the Social Sciences (SPSS)� software (version

16.0; SPSS, Inc, Chicago, IL, USA). Chi square (v2) was

used to test any significance between categorical variables

whereas independent t-test was utilized with non-categor-

ical variables. All p values were two-sided, and p \ 0.05

was considered statistically significant.

Bivariate analysis was used to determine the BP control

according to the categories of physicians and patient fac-

tors that were potentially important based on previous

research and clinical judgment. The outcome variable was

the BP control. The independent variables included

patient’s gender, age, body mass index, presence of certain

medical conditions, kidney function, donor’s age and type,

pretransplant hypertension, the number and classes of

antihypertensive medications, tacrolimus dose, duration

and blood concentration as well as prednisone dose. The

variables that were significantly associated with BP control

in the bivariate analysis, were further investigated in the

multivariate logistic regression analysis.

Results

Clinical characteristics of patients

Out of 211 renal transplant patients who attended

clinics during the study period, 181 patients met criteria of
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hypertension and were included in the study. Table 1 shows

demographic and clinical characteristics of the study popu-

lation. All patients were Caucasians. Patients were relatively

young (mean age 34.6 ± 10.5 year), the mean body mass

index (BMI) fell in the overweight category (26.3 ± 4.8 kg/m2),

and the average time post-transplant was 3.2 ± 3.0 years.

A significant proportion of RTRs (70 %) had transplant from

a living related donor. BP was controlled only in 58 % of

patients.

Patterns of antihypertensive drug use and BP control

Forty-two patients (23 %) received no pharmacotherapy, 52

(29 %) received monotherapy, 61 (33 %) were on two anti-

hypertensive drugs, 19 (11 %) received triple therapy and 7

(4 %) had four or more antihypertensive drugs. Thus, only

48 % of RTRs received two or more blood pressure-lowering

drugs. The mean number of antihypertensive medications per

patient was 1.43 ± 1.09, ranging between 0 and 5.

When a single antihypertensive agent was used, the

most commonly prescribed monotherapy were calcium

channel blockers (CCBs) (58 %) followed by beta-blockers

(33 %). In the complete sample and irrespective of the

number of antihypertensives utilized, the same pattern was

observed: CCBs (58 %) followed by beta-blockers (44 %)

(Table 2).

The most common two-drug regimen was CCBs ?

beta-blockers (58%), followed by CCBs ? ACEIs (11 %).

Immunosuppressive regimen

The mean TAC dose was 4.68 ± 2.62 mg/day, and the

mean trough TAC level was 7.36 ± 3.78 ng/mL. Predni-

sone was prescribed to 174 patients (96.1 %), with mean

dose of 9.19 ± 4.39 mg/day.

Factors associated with achievement of BP control

Bivariate analysis that included clinical and demographic

variables (patient’s gender, age, body mass index, presence

of medical conditions such as diabetes, dyslipidemia,

hypertensive nephropathy, creatinine clearance, donor’s age

and relation to recipient, pre-transplant hypertension, the

number and classes of antihypertensive medications, ta-

crolimus dose, duration and blood concentration as well as

prednisone dose) showed that female gender (p = 0.017)

and creatinine clearance (p = 0.002) were positively asso-

ciated, while number of antihypertensive medications was

inversely associated (p = 0.04) with achievement of BP

control (Table 3). Multivariate logistic regression analysis

including factors significantly associated with BP control in

bivariate analysis (gender, number of antihypertensive

medications and creatinine clearance), showed that only

creatinine clearance remained independently associated with

good BP control (odds ratio, OR 1.04; 95 % confidence

interval [CI] 1.01-1.06; p = 0.003).

Table 1 Patients’ demographic and clinical data (N = 181)

Characteristics

Gender, Women, N (%) 40.9

Age (years) mean (±SD) (range) 34.6 (±10.5) (18–64)

BMI, mean (±SD) 26.3 (±4.8)

Associated clinical conditions (%)

Diabetes mellitus 28.2

Dyslipidemia 39.8

First transplant (%) 93.4

Transplant duration (years) mean (±SD) 3.2 (±3.0)

Type of donor (%)

Living related 69.6

Living unrelated 28.2

Deceased 2.2

Presence of HTN before transplantation (%) 24.9

Systolic BP (mm Hg) mean (±SD) 128.6 (±16.3)

Diastolic BP (mm Hg) mean (±SD) 82.8 (±11.5)

BP controlled (%) 58.1

Serum creatinine (N = 167) (mg/dL)

mean (±SD)

1.59 (±1.11)

Creatinine clearancea (N = 167)

(mL/min/1.73 m2) mean (±SD)

50.69 (±21.54)

BMI body mass index, BP blood pressure, HTN hypertension
a Estimated by Modification of Diet in Renal Disease Study

(MDRD4) equation

Table 2 Distribution of antihypertensive prescriptions according to

medications class for patients receiving monotherapy and for the

complete sample of patients

Drugs %

As monotherapy

(N = 52)

Complete sample

(N = 181)

ACEIs/ARBs 3.8 19.4

BRBs 32.7 44.2

CCBs 57.7 58.0

Thiazides 0.0 3.6

Loop diuretics 0.0 5.0

Other antihypertensivesb 5.7 17.1

ACEI angiotensin converting enzyme inhibitor, ARB angiotensin

receptor blocker, BRB beta adrenergic receptor blocker, CCB calcium

channel blocker
a Controlled: BP \ 130/90 mm Hg
balpha-blockers, hydralazine, methyldopa, potassium-sparing diuretics
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Discussion

In Jordan, 83 % of the renal transplant population is known

to have HTN [9]. Among hypertensive patients, only 25 %

had high BP before transplantation, probably because of

the relatively young age (mean 35 years) of RTRs in

Jordan. Jordanian renal transplant patients also differ from

other renal transplant populations in that most of them

receive grafts from related living donors [9].

A number of international guidelines including the

JNC 7 [10], the British Renal Association guidelines

[14] recommend that treatment be provided to achieve

Table 3 Bivariate associations

with BP control

ACEI angiotensin converting

enzyme inhibitor, ARB
angiotensin receptor blocker,

BRB beta adrenergic receptor

blocker, CCB calcium channel

blocker, SrCr serum creatinine,

TAC tacrolimus

N (%) unless otherwise

indicated
a Acute rejection within

3 months
b Estimated by MDRD4

equation

Characteristic BP controlled BP not controlled p value

Patient age (years) mean (±SD) 34.7 ± 10.66 37.7 ± 11.7 0.186

Patient gender (%)

Female 71.4 28.6 0.023

Male 47.4 52.6

BMI, mean (±SD) 25.3 ± 4.1 26.9 ± 5.4 0.092

Recent rejection episodes or chronic rejectiona

Yes 75.0 25.0 0.635

No 56.8 43.2

Diabetes mellitus

Yes 50.0 50.0 0.378

No 60.9 39.1

Creatinine clearance (mL/min/1.73 m2)b 57.05 ± 21.74 43.07 ± 18.40 0.002

Hypertensive nephropathy

Yes 31.6 68.4 0.011

No 63.8 36.2

Transplantation #

1 56.7 43.3 0.462

2 75.0 25.0

Last transplant duration, years, mean (±SD) 3.44 ± 3.35 3.91 ± 3.15 0.481

Donor age, years, mean (±SD) 35.2 ± 9.1 38.6 ± 6.6 0.087

Type of living donor (N = 177)

Living related 50.0 50.0 0.378

Living unrelated 60.9 39.1

Presence of HTN before transplantation

Yes 55.2 44.8 0.825

No 58.6 41.4

# Antihypertensive medications, mean (±SD) 1.39 ± 0.96 1.79 ± 0.93 0.04

Thiazides

Yes 33.3 66.7 0.397

No 59.1 40.9

ACEI/ARBs

Yes 37.5 62.5 0.231

No 59.3 40.7

CCBs

Yes 55.6 44.4 0.591

No 61.1 38.9

BRBs

Yes 52.8 47.2 0.305

No 63.0 37.0

TAC blood level (ng/mL) mean (±SD) 7.21 ± 3.63 7.87 ± 3.28 0.373

TAC treatment duration (years) mean (±SD) 2.58 ± 2.65 2.19 ± 1.85 0.458

Prednisone dose (mg/day) mean (±SD) 8.93 ± 3.23 9.69 ± 5.75 0.407
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BP \ 130/80 mm Hg in patients with chronic kidney dis-

ease. The National Kidney Foundation (NKF) Task Force

on Cardiovascular Disease also established BP target for

the RTRs of less than 130/80 [11, 13] which have been

endorsed recently by the KDIGO (Kidney Disease:

Improving Global Outcomes) working group [15]. In

patients with significant proteinuria (defined as spot urine

protein-creatinine ratio [500 mg/g), a European Best

Practice Guideline suggested that the BP goal be decreased

to \125/75 mm Hg [12]. Since a very small proportion of

RTRs have significant proteinuria, we have considered

BP \ 130/80 mm Hg as good BP control.

Although clinical trials are lacking, retrospective data

demonstrated that achieving BP control was associated

with improved allograft and patient survival [6].

In a study conducted in France, 42 % of RTRs had

controlled HTN [5]. In another retrospective cohort study

55 % of patients achieved SBP less than 140 mm Hg at

1 year from transplantation [16]. In our study, BP control

was achieved in a higher proportion (58 %) of patients. It

should be noted that we used a lower SBP goal (less than

130 mm Hg) and the mean period after transplantation was

longer (3 years on average) in our study compared to

previously published studies.

After the diagnosis of post-transplant hypertension, drug

therapy should begin without delay, as nonpharmacological

measures are not as effective as in the general population [5].

Alarmingly, about quarter of patients in our study received

no pharmacotherapy for HTN and, although most kidney

transplant recipients require 2 or more BP medications to

achieve target BP goals [3], only 48 % of RTRs in our study

received two or more antihypertensive medications.

CCBs and agents inhibiting the renin-angiotensin-aldos-

terone system (RAAS), i.e. ACEIs and angiotensin receptor

blockers (ARBs) are considered the first-line medications for

management of HTN in RTRs by many centers [4]. The most

commonly prescribed antihypertensive agents in the total

sample in our study were CCBs (58 %), followed by beta-

blockers (44 %), while RAAS inhibitors were received only

by 9 % of patients. Our data agree with those obtained in

France, where CCBs and beta-blockers were the most com-

monly prescribed agents (73.5 and 85 %, respectively of

multidrug regimens and together making up 91.5 % of

monotherapy) [5]. Similar to the study by Premasathian et al.

[2], the most common dual antihypertensive combination in

Jordanian RTRs was beta-blocker ? CCB (58 %).

In bivariate analysis, female gender and creatinine

clearance were positively associated, while number of

antihypertensive medications was inversely associated with

achievement of BP control. While Jordanian male RTRs

attained worse BP control than the females, there was no

preference for a particular class of antihypertensive medi-

cations by gender. In a previous study by Kasiske et al. [16]

independent correlates of higher BP also included male

gender, along with age, diabetes, BMI, the presence of

native kidneys and delayed graft function. The inverse

association between number of antihypertensive medica-

tions and blood pressure control may indicate that patients

who received a larger number of antihypertensive drugs

were in more advanced stages of HTN that is more difficult

to control. In multivariate logistic regression analysis,

creatinine clearance was the only factor independently

associated with achievement of BP control. This is con-

sistent with results of an earlier study [17], where mean BP

significantly correlated with serum creatinine level.

Study strengths:

• Large number of observations (N = 181), representing

majority of Jordanian RTRs.

• Only patients receiving tacrolimus-based immunosup-

pression were selected, which eliminated additional

factor (cyclosporine/sirolimus versus tacrolimus)

affecting BP control.

• More homogenous population compared to other stud-

ies, since the majority of patients received transplant

from living related donors.

Study weaknesses:

• A cross-sectional observational design of the study did not

allow assessment of temporal associations between the

blood pressure control and degree of kidney dysfunction.

• We did not assess the impact of different antihyper-

tensive medications within the same class, their doses,

patient compliance with nonpharmacological and phar-

macological recommendations on the blood pressure

control.

All those study limitations should be addressed in a

prospective, multicenter randomized controlled trial.

Conclusion

Blood pressure control among RTRs in Jordan was found

to be inadequate. The only factor found to be indepen-

dently associated with adequate blood pressure control was

creatinine clearance.
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