
Ambulatory Blood Pressure Monitoring and Echocardiographic Findings
in Renal Transplant Recipients

Ozlem Kendirlinan Demirkol, MD;1 Meric Oruc, MD;2 Baris Ikitimur, Assoc.Prof.Dr.;3 Sevgi Ozcan, MD;3 Sibel Gulcicek, MD;2

Hikmet Soylu, MD;1 Sinan Trabulus, Assoc.Prof.Dr.;2 Mehmet Riza Altiparmak, Prof.Dr.;2 Nurhan Seyahi, Prof.Dr.2

From the Department of Internal Medicine, Cerrahpasa Medical Faculty, Istanbul University, Istanbul, Turkey;1 Division of Nephrology, Department of

Internal Medicine, Cerrahpasa Medical Faculty, Istanbul University, Istanbul, Turkey;2 and Department of Cardiology, Cerrahpasa Medical Faculty,

Istanbul University, Istanbul, Turkey3

Hypertension is common in renal transplant recipients (RTRs).
Ambulatory blood pressure (BP) monitoring (ABPM) is impor-
tant in diagnosing hypertension and diurnal BP variation. The
authors set out to compare office BP and ABPM measure-
ments to determine diurnal pattern and to evaluate echocar-
diographic findings in RTRs. ABPM and office BP
measurements were compared in 87 RTRs. Echocardio-
graphic evaluation was performed for each patient. The
correlations between office and 24-hour ABPMwere 0.275 for

mean systolic BP (P=.011) and 0.260 for mean diastolic BP
(P=.017). Only 36.8% had concordant hypertension between
office BP and ABPM, with a masked hypertension rate of
16.1% and white-coat effect rate of 24.1%. Circadian BP
patterns showed a higher proportion of nondippers (67.8%).
Left ventricular mass index was increased in 21.8% of all
recipients. There was a significant but weak correlation
between office BP and ABPM. J Clin Hypertens (Greenwich).
2016;18:766–771. ª 2015 Wiley Periodicals, Inc.

Hypertension (HTN) is a prevalent disorder in renal
transplant recipients (RTRs) and is considered one of
the major risk factors for the development of cardio-
vascular disease (CVD).1 CVD represents the single
most frequent cause of death in RTRs, accounting for
approximately 40% of all-cause mortality.2

Diagnosis of HTN has traditionally been based on
measurements of blood pressure (BP) in the office or
clinic. However, inadequate BP control may occur when
office BP is used as the only method to monitor BP and
drug adjustment.3 Ambulatory BP monitoring (ABPM)
has recently gained popularity in more accurately
diagnosing HTN and predicting outcome in hyperten-
sive patients and those with chronic kidney disease.4 It
has been shown that ABPM can predict left ventricular
hypertrophy (LVH), mortality and morbidity, and
progression toward end-stage renal disease better than
BP in patients with CKD.5,6 In addition to accurate BP
measurement, one of the variables measured by ABPM
is diurnal BP variation. However, the optimal method
for monitoring BP in RTRs remains unclear.

In our study, we compared office and ABPM mea-
surements to determine the diurnal BP pattern and to
assess the relationship between BP parameters and
echocardiographic findings in RTRs.

MATERIALS AND METHODS

Study Patients
We examined 498 consecutive adult RTRs (age
≥18 years) in whom the duration of transplantation

was more than 1 year. The following exclusion criteria
were used: history of diabetes mellitus, heart failure,
ischemic heart disease, cardiomyopathy, or significant
valvular heart disease; active infection; a serum crea-
tinine level >1.5 mg/dL; or hemoglobin level <10 g/dL.
Of the remaining 150 RTRs, 60 refused to participate in
the study and three did not show up for the echocar-
diography appointment. Thus, 87 patients completed
the study.

Study Protocol
Demographic (age and sex) and clinical (etiology of
previous renal disease, date of transplant, donor type,
height, and weight) data and previous renal replacement
therapy (type and duration) records were retrieved from
patient files. We recorded antihypertensive, antilipemic,
and immunosuppressive medication use for each
patient.

Blood samples were collected after an overnight fast
for the measurement of urea, creatinine, fasting blood
glucose, uric acid, hemoglobin, hematocrit, albumin,
low-density lipoprotein cholesterol, high-density
lipoprotein cholesterol, triglycerides, and total choles-
terol. All laboratory parameters were measured using
the Abbott Architect c8000 autoanalyzer (Abbott
Diagnostics, Abbott Park, IL).

Glomerular filtration rate (GFR) was estimated using
the abbreviated Modification of Diet in Renal Disease
study equation.7 Body surface area (BSA) was estimated
by a formula of DuBois.

BP Monitoring
Data for office BP were collected from patient files.
Mean values of systolic BP (SBP) and diastolic BP
(DBP) measurements at the last three visits prior to
the study were used. These measurements were taken
manually at morning clinics while the patient was
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seated. The measurements were not standardized as
they were taken by different people.
ABPM was performed with the RZ250 model ABP

recorder (Rozinn Electronics Inc, Glendale, NY) and the
SE-25S model BP monitor (Genexel-Sein Inc, Kyunggi-
do, South Korea). An appropriately sized cuff for arm
circumference was used with no arteriovenous fistula.
Both devices were calibrated against a BP monitor
calibrator (BP Pump 2; Fluke Biomedical, Everett, WA)
at the beginning of the study. BP was measured every
30 minutes during daytime (8 AM to 12 PM) and every
60 minutes during nighttime (12 PM to 8 AM). A
nocturnal BP fall of >10% of the daytime values were
accepted as an arbitrary cutoff value to define patients
as “dippers.”
Means of the office BP and ABPM values at 24

hours, daytime (awake), and nighttime (asleep) were
recorded and compared. Thresholds for office BP were
set at ≥130 mm Hg for SBP and/or ≥80 mm Hg for
DBP in accordance with Kidney Disease: Improving
Global Outcomes (KDIGO) guidelines.8 Thresholds for
ABPM were defined on the basis of average 24-hour
measurements of SBP ≥130 mm Hg and/or DBP
≥80 mm Hg, daytime measurements of SBP
≥135 mm Hg and/or DBP ≥85 mm Hg, and nighttime
measurements of SBP ≥120 mm Hg and/or DBP
≥70 mm Hg according to the definition of HTN by
out-of-office BP levels of the European Hypertension
Society/European Cardiology Society.9 Ambulatory
HTN was defined as a BP exceeding any of the above
thresholds.

Echocardiography
Echocardiography was performed by standard methods
by an experienced cardiologist blinded to patient
characteristics using a Vivid 3 ultrasound system
(General Electric, Milwaukee, WI) with a 1.7 MHz
transducer. Left ventricular internal diameter at end-
diastole (LVIDd), interventricular septal thickness at
end-diastole (IVSTd), and posterior wall thickness at
end-diastole (PWTd) were measured from the paraster-
nal long-axis view according to the American Society
of Echocardiography recommendations.10 Left ventric-
ular mass (LVM) was calculated by the following
formula: LVM(g)=1.04x ([LVIDd+PWTd+IVSTd]

3–
[LVIDd]

3).11 LVM index (LVMI) was calculated as
the ratio of LVM to BSA. The cutoff level for LVH was
defined as LVMI ≥134 g/m2 in men and ≥110 g/m2 in
women.12

Left ventricular volumes at end-diastole (EDV) and
end-systole (ESV) were estimated using the “area-
length” method. Values were given for end-diastolic
diameter and end-systolic diameter. From these mea-
surements, left ventricular ejection fraction (EF=[EDV–
ESV]/EDV) was calculated.
Measurements were made over three cardiac cycles

and the mean values were calculated. Diastolic dysfunc-
tion was staged according to methods previously
described.13

Statistical Analysis
Data were expressed as mean�standard deviation
unless otherwise stated. Categorical variables were
compared using chi-square test. Continuous variables
were compared using independent samples t test.
Associations between continuous variables were evalu-
ated by means of Pearson’s correlation test. Bland-
Altman plots were used to visually assess the agreements
between ABPM and office BP. All tests were performed
using SPSS for Windows version 17.0 software (SPSS
Inc, Chicago, IL). A P value <.05 was considered
statistically significant.

Ethics
All patients gave informed consent and the study
protocol was approved by the local medical ethics
committee.

RESULTS
Demographic features, clinical characteristics, biochem-
ical parameters, use of immunosuppressive medications,
and echocardiographic measurements of the study
patients are shown in Table I. Recipients were generally
young and female. Most transplants were performed
from living donors. Patients were followed up for
60.3�53 (median: 37, range: 13–254) months. Esti-
mated GFR values were in the range between 43 mL/
min/1.73 m2 and 130.4 mL/min/1.73 m2 (median:
85 mL/min/1.73 m2). Generally a calcineurin inhibitor–
based triple immunosuppression protocol was used
(steroids, 98.8%; tacrolimus, 79.3%; and mycophenolic
acid derivatives, 78%). A total of 64.4% of all patients
were taking antihypertensive medication consisting of
mostly renin-angiotensin-aldosterone system blockers
including angiotensin-converting enzyme inhibitors
(18.4%) and angiotensin receptor blockers, (28%)
followed by b-blockers (39.1%) and calcium channel
blockers (14.9%). EF ranged between 45% and 80%
(median: 61%). LVMI was increased in 21.8% of renal
allograft recipients (female: 18.4%, male: 24.5%).
Diastolic dysfunction was also present in 32% of renal
transplantation patients, and 20.7% of recipients had
stage 1 and 11.5% had stage 2 diastolic dysfunction.
Table II shows BP measurements obtained by the two

methods––office BP and ABPM. The office BP method
showed higher mean SBP and DBP values than that
obtained by 24-hour ABPM (P<.001). Pearson correla-
tions between office and 24-hour ABPM measurements
were 0.275 for mean SBP (P=.011) and 0.260 for mean
DBP (P=.017). According to Bland-Altman analysis, we
estimated with 95% confidence that the mean SBP value
obtained by office BP was 8.3 mm Hg (38.1 [�21.5]
mm Hg) higher than the mean SBP value obtained by
24-hour ABPM (Figure) and the mean DBP value
obtained by office BP monitoring was 6.4 mm Hg
(27.2 [�14.2] mm Hg) higher than the mean DBP value
obtained by 24-hour ABPM.
In our study, 20.7% of patients had concordant nor-

motension and 36.8% had concordant HTN. Fifty-three
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patients (60.9%) had office BP of at least 130/80
mm Hg, giving an overall white-coat HTN rate of
24.1%. We found that 32 patients (36.8%) were

normotensive according to office BP. However, after
ABPM, we found that 43.8% of these patients were
hypertensive. In Table III, we compared day and night
BP measurements between these two groups, with
masked HTN and normotension defined as no HTN
values obtained in office BP and ABPM. Circadian BP
patterns showed a higher proportion of nondippers
(67.8%). Demographic features, laboratory data, day
and night BP measurements, and echocardiographic
measurements of the dipper vs nondipper groups are
shown in Table IV. Mean values of SBP and DBP
depending on 24-hour ABPM were not significantly
different in the nondipper group compared with the
dipper group. EF of the dipper group was significantly
higher compared with that of the nondipper group.
However, we did not find any significant correlation
between dipping status and LVMI or between dipping
status and diastolic dysfunction. There were no signif-
icant differences between the nondipper and dipper
groups regarding age at transplantation, duration of
follow-up after transplantation, donor type, presence of
functional fistula, and antihypertensive medication use
(data not shown).

Table V shows the significant relationship between
SBP parameters of ABPM and LVMI. However, there
were no significant correlations between EF and ABPM
parameters (data not shown).

We also compared demographic, clinical, biochemi-
cal, and BP data among patients with and without
diastolic dysfunction, we found that patients with
diastolic dysfunction were older (P<.001), had received
organs from mostly cadaveric donors (P=.027), and had
higher triglyceride levels (P=.025).

DISCUSSION
This study examined the relationship between BP
measurements using ABPM and office BP in kidney
transplant recipients with a good functioning graft.
HTN is common following renal transplantation,
affecting up to 80% of transplant recipients depending
on the method of BP measurement.14 Posttransplant
HTN is a multifactorial phenomenon and the known
causes of HTN include immunosuppressive drugs, renal
graft artery stenosis, recipient’s native kidney, allograft
dysfunction, obesity, recurrent or de novo renal disease,
and genetic factors.15 However, optimal office and
ambulatory BP targets have not been well-defined in the
renal transplant populatıon and there is variance
depending on the cutoffs and series.16,17

Some studies comparing both methods––office BP and
ABPM––among nontransplant populations have shown
BP values at home to be lower than those obtained in
the office.18,19 The difference between the two methods
may be the result of the white-coat effect, an elevation
of BP in a clinic setting leading to possible overestima-
tion of true BP. ABPM allows for the recognition of the
white-coat effect to be responsible for a proportion of
resistant hypertensive patients.20 In our data, 24.1% of
patients were considered to have white-coat HTN. This

TABLE I. Demographic Features, Clinical
Characteristics, Biochemical Parameters,
Immunosuppressive Medication Use, and
Echocardiographic Measurements of Study Patients
at Study Time

Patients (N=87)

Age, y 37.8�11.6

Male sex, % 43.7

Cause of chronic renal failure, %

Unknown origin 52.9

Others 18.4

Chronic glomerulonephritis 12.6

Reflux 9.2

Hypertension 6.9

Cadaveric transplantation, % 23

Previous renal replacement therapy time, mo 36.5�40.7,

median 21 (0–252)

Working fistula rate, % 42.5

Urea, mg/dL 33.9�10.5

Creatinine, mg/dL 0.95�0.2

MDRD, mL/min/m2 84.9�19.7

Uric acid, mg/dL 5.0�1.5

Fasting blood glucose, mg/dL 86.2�9.7

Albumin, g/dL 4.0�0.2

Hemoglobin, g/dL 13.4�1.8

Total cholesterol, mg/dL 193.0�32.7

Triglycerides, mg/dL 148.3�78.8

LDL cholesterol, mg/dL 113.4�26.2

HDL cholesterol, mg/dL 52.6�15.7

Steroid, % 98.9

Tacrolimus, % 79.3

Cyclosporine, % 13.8

Mycophenolate mofetil, % 34.5

Mycophenolate sodium, % 42.5

Azathioprine, % 12.1

Rapamycin, % 1.1

Ejection fraction, % 64.3�5.8

Left ventricular mass index, g/m2 101.6�25.2

Presence of diastolic dysfunction, % 32.2

Abbreviations: HDL, high-density lipoprotein; LDL, low-density

lipoprotein; MDRD, Modification of Diet in Renal Disease.

TABLE II. BP Measurements Obtained With Office
BP and ABPM

Systolic Diastolic

Office BP, mm Hg 123.8�13.1 79.6�8.7

Average daytime ABPM, mm Hg 117.8�12.3 75.1�9.3

Average nighttime ABPM, mm Hg 110.5�12.8 69.2�8.6

Average 24-h ABPM, mm Hg 116.1�12.1 73.7�8.9

Abbreviations: ABPM, ambulatory blood pressure monitoring; BP,

blood pressure.
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is nearly in agreement with previous studies where
white-coat effect was present in 20% to 40%.16,21 The
concordance rates between office BP and ABPM change
according to the studies. In a previous study, Stenehjem
and colleagues21 showed a better correlation between
these methods. The agreement between two methods as
evaluated by means of Bland-Altman analysis in our
study was similar to previous larger-scale studies.19,22

However, we want to point out that we used the mean
of three consecutive measurements reflecting a period of
6 to 9 months collected from patient files rather than
the mean of a daily measurement.

A higher proportion of nondipping pattern among
patients who had been transplanted for at least 1 year
with a good functioning graft is another important
finding in our study. In our study, 67.8% of patients
were classified as nondippers. In many previous studies,
nondipping pattern was reported to be between 25%
and 90%.4,16,23–25 Loss of normal diurnal BP variation,
which has been described to occur among patients with
chronic kidney disease, has been associated with a
greater rate of CVD events as well as progression of
renal disease.26 Each 5-mm Hg drop in nocturnal SBP
was associated with a 14% reduction in risk of

FIGURE. Bland-Altman plots showing the agreement between systolic office blood pressure (oBP) and systolic 24-hour ambulatory blood
pressure monitoring (ABPM).

TABLE III. Day and Night BP Measurements in the Masked Hypertension vs Normotensiona Groups

Masked Hypertension Group (n=14) Normotension Group (n=18) P Value

Office SBP, mm Hg 113.3�7.5 111.9�8.9 .641

Office DBP, mm Hg 73.1�4.9 71.1�5.6 .311

Average daytime sABPM, mm Hg 117.6�11.0 111.2�7.6 .060

Average daytime dABPM, mm Hg 77.8�5.8 69.5�5.3 .000

Average nighttime sABPM, mm Hg 114.1�8.4 101.6�9.1 .000

Average nighttime dABPM, mm Hg 73.6�3.6 61.6�6.9 .000

Average 24-h sABPM, mm Hg 117.1�10.0 107.9�6.9 .004

Average 24-h dABPM, mm Hg 76.6�5.0 67.4�4.8 .000

Abbreviations: BP, blood pressure; dABPM, diastolic ambulatory blood pressure monitoring; DBP, diastolic blood pressure; SBP, systolic blood

pressure; sABPM, systolic ambulatory blood pressure monitoring. aNormotension group: no hypertensive values were obtained in both office BP and

ambulatory blood pressure monitoring measurements.
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cardiovascular events at follow-up.27 The status of
dipper or nondipper was found independently from BP
control and we did not find any parameter predicting
this abnormality. However, in a previous study,
Galiatsou and colleagues28 studied 46 renal transplant
patients and concluded that cyclosporine significantly
increased nighttime BP. In another study, Gatzka and
colleagues29 found that normalization of the circadian
blood profile with a marked decrease of BP during sleep
was associated with longer transplantation duration
independent from immunosuppressive agents used.
Haydar and colleagues22 found that only age and GFR
independently predicted diurnal BP variation (the ratio
of the asleep-to-awake SBP).

Many factors affect the development of LVH among
hemodialysis patients, including uremic toxins, anemia,
hypoalbuminemia, hyperparathyroidism, arteriovenous

fistula, HTN, and volume overload.30 Although renal
transplantation improves some risk factors, LVH is still
common in transplant recipients. Various studies31–35are
in agreement with ours showing that LVMI is related to
high SBP, but some authors36,37 were unable to find any
correlation between LVH and BP values.

We also examined the effect of dipping status on
cardiac functions and we found that EF was lower in
nondippers compared with dippers. However, it should
be noted that EF was well within normal range in all
study patients. We also did not find any association
between dipping status and LVMI. In our study, BP was
similar in both groups. Lipkin and colleagues38 studied
28 normotensive RTRs, of whom seven (25%) were
nondippers who had significantly higher LVMI com-
pared with dippers. Toprak and colleagues39 also
demonstrated in 35 nondiabetic RTRs that nighttime
SBP load was closely related to the increase in LVMI.
On the other hand, similar to our findings, McGregor
and colleagues40 and Seeman and colleagues37 did not
find any relationship between dipping status and LVMI.

STUDY LIMITATIONS
Our study had some limitations. First, it was a cross-
sectional study and therefore it was hard to infer
causality. Our office BP measurements were not stan-
dardized in any way. In addition, we examined a special
group excluding patients with documented diabetes

TABLE IV. Demographic Features, Laboratory Data, and Day and Night Blood Pressure Measurements of the
Dipper vs Nondipper Groups

Dipper (n=28) Nondipper (n=59) P Value

Age, y 36.1�9.7 38.8�12.4 .308

Male sex, % 42.8 41.3 .896

Urea, mg/dL 33.0�10.0 34.2�10.9 .623

Creatinine, mg/dL 0.98�0.24 0.94�0.20 .396

Uric acid, mg/dL 4.8�1.8 5.1�1.4 .331

MDRD, mL/min/1.73 m2 82.3�21.6 85.9�18.9 .435

Fasting blood glucose, mg/dL 87.4�8.3 85.5�10.3 .393

Albumin, g/dL 4.05�0.27 4.09�0.29 .545

Total cholesterol, mg/dL 198.2�29.0 191.3�34.3 .361

Triglycerides, mg/dL 150.8�75.1 147.5�81.8 .857

LDL cholesterol, mg/dL 116.6�24.8 112.4�27.0 .489

HDL cholesterol, mg/dL 54.4�16.5 51.9�15.5 .501

Office SBP, mm Hg 125.5�13.3 123.3�13.1 .476

Office DBP, mm Hg 80.3�9.5 79.4�8.5 .643

Average daytime sABPM, mm Hg 122.0�14.5 115.6�10.7 .023

Average daytime dABPM, mm Hg 78.9�11.8 73.3�7.3 .027

Average nighttime sABPM, mm Hg 103.8�11.4 113.7�12.2 .000

Average nighttime dABPM, mm Hg 65.3�9.9 71.1�7.3 .003

Average 24-h sABPM, mm Hg 117.7�14.6 115.3�10.8 .400

Average 24-h dABPM, mm Hg 75.8�11.8 72.7�7.1 .202

Ejection fraction, % 66.5�4.5 63.3�6.1 .016

LVMI, g/m2 100.2�21.8 101.9�26.9 .768

Presence of diastolic dysfunction, % 32.1 32.7 .954

Abbreviations: dABPM, diastolic ambulatory blood pressure monitoring; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density

lipoprotein; LVMI, left ventricular mass index; MDRD, Modification of Diet in Renal Disease; sABPM, systolic ambulatory blood pressure monitoring;

SBP, systolic blood pressure.

TABLE V. The Relationship Between SBP
Parameters and Left Ventricular Mass Index

R P Value

Average daytime ABPM, mm Hg 0.240 .025

24-h ABPM, mm Hg 0.242 .025

Office SBP, mm Hg 0.220 .042

Abbreviations: ABPM, ambulatory blood pressure monitoring; SBP,

systolic blood pressure.
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mellitus and decreased graft function; therefore, gener-
alizability of our results may be limited. A longitudinal
study would provide better data to assess BP control and
cardiac functions.

CONCLUSIONS
Our study demonstrated that posttransplant HTN is
poorly controlled and treated, particularly nocturnal
HTN in RTRs. LVH is common among transplant
patients and is likely related to hypertensive values
obtained by ABPM. We showed that ABPM is a
valuable tool in detecting dipping status, white-coat
HTN, and masked HTN, which are frequent problems
among RTRs. We think that ABPM and office BP
measurements should be regarded as complementary
methods. However, longitudinal studies are warranted
to prove the prognostic value of BP control based on
ABPM to reduce target organ damage among RTRs.
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