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ABSTRACT
Introduction: Chronic kidney disease (CKD) is strongly associated with hypertension (HTN) and each can cause
or aggravate the other. Misclassification of BP control is an important problem in hypertensive patients with CKD,
making ambulatory blood pressure monitoring (ABPM) an important tool. The aim of our study was to review
the influence of ABPM results in antihypertensive treatment and BP control in hypertensive CKD patients.
Methods: Retrospective observational study; inclusion of hypertensive CKD patients stages 1 to 5 not on
dialysis who performed ABPM in our department; data collected from clinical records and ABPM reports.
Results: A total of 54 hypertensive CKD patients were reviewed. Reasons appointed for requesting ABPM
included suspicion of resistant hypertension (40.7%), uncontrolled hypertension (29.6%), white coat hypertension (16.7%), hypotension (9.2%) and masked hypertension (3.8%). Interestingly, pre-ABPM clinical interpretation
of BP control was found inadequate in 55.6% of patients.
Conclusion: Misclassification of BP was a significant problem. As a result of these findings our department
incorporated ABPM more routinely as recommended best practice.
Keywords: Hypertension, chronic kidney disease, ambulatory blood pressure monitoring.

INTRODUCTION
Chronic kidney disease (CKD) is strongly associated
with hypertension (HTN) and each can cause or aggravate the other. A cohort study from 2010 reported that
86% of CKD patients had hypertension while 58% of
those hypertensive were treated with 3 or more medications1. Also, both HTN and CKD are major risk factors
for cardiovascular disease2-4.
There is no doubt that blood pressure (BP) control is
fundamental to the care of patients with CKD and is relevant at all stages of CKD regardless of the underlying
cause5. However, misclassification of BP control when
using BP office readings, is a significant issue and was

observed in 1 of 3 hypertensive patients with CKD in a
cross-sectional study, including 5693 hypertensive
patients with CKD, undertaken by the Spanish ambulatory
blood pressure monitoring (ABPM) registry, supporting
the use of ABPM6. In this study, control of BP during the
24-hour period was much better than that based on office
readings, independent of CKD stage. Evaluation of ambulatory BP also showed a remarkable amount of underestimation (white coat hypertension) and overestimation
(masked hypertension) of BP control, which could lead
to over- and undertreatment, respectively.
The aim of this study was to review the results of
ABPM in our CKD patients and the results’ value in
guiding changes in antihypertensive therapy.
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METHODS
Study design and study population


This is a retrospective observational study with data
collected from clinical records from January 2012 to
June 2016 in the Nephrology Department of Hospital
de Vila-Nova de Gaia/ Espinho, Portugal. Patients were
recruited from those who performed ABPM in our
Renal Department during the study period, referred
from the General Nephrology Clinic and HypertensionNephrology Clinic.This study was designed, implemented, and reported in accordance with ICH guidelines for Good Practice and Declaration of Helsinki
1975, revised Hong Kong 1989. The manuscript was
prepared in accordance with the STROBE guidelines
for observational studies.
Selection criteria included hypertensive patients
with CKD stages 1 to 5 (not on renal replacement
therapy), with a valid ABPM performed from January
2012 to June 2016 in our Nephrology department.
Exclusion criteria included invalid ABPM and patients
on renal replacement therapy, because most of
these were referred from satellite haemodialysis
units and access to clinical information was limited.
Data was collected from medical records and ABPM
reports.
The number of consecutive cases that met the inclusion criteria within the study period determined the
sample size.
Measurements


ABPM was performed with Spacelabs Models
90207-30 and 90217A devices. The monitor recorded
BP at a 15-minute interval for the daytime period and
30-minute interval for the night-time period. Cuff-size
was chosen based on arm circumference and fixed to
the non-dominant arm. Recordings were performed
on working days and patients were instructed to maintain their usual activities and keep the arm extended
and immobile at the time of cuff inflation7. All patients
were given a form to record going-to-bed and gettingup times, which defined the daytime and night-time
periods in the ABPM analysis. They were also instructed to register any symptom during this period of the
test and the times each anti-hypertensive medication
prescribed was taken. ABPM measurements were
considered valid only if more than 65% of measurements were successful.
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Clinical information collected from medical records
included age, sex, stage and aetiology of HTN, aetiology of CKD, body mass index, smoking, presence of
diabetes, dyslipidaemia, target-organ damage, such
as, left ventricular hypertrophy, and associated clinical
conditions including coronary heart disease, cerebrovascular disease and heart failure. Data regarding
criteria used for ABPM request and anti-hypertensive
treatment prescribed pre and post-ABPM was obtained
from medical records in clinics.
Definitions


CKD is defined as abnormalities of kidney structure
or function, present for more than 3 months. Stage
1 CKD is defined as estimated glomerular filtration
ratio (eGFR≥ 90 mL/min/1.73 m2plus elevated urine
albumin excretion; in other words, either microalbuminuria (albumin-creatinine ratio of 30-300 mg/g) or
macroalbuminuria (albumin-creatinine ratio>300
mg/g) or evidence of structural abnormalities. Stage
2 CKD was defined as eGFR≥60 and<90 mL/min/1.73
m2and elevated urine albumin excretion. Stages 3, 4,
and 5 CKD were defined as eGFR ≥30 and<60, ≥15
and<30, and <15 mL/min/ 1.73 m 2, respectively8.
eGFR was estimated with the MDRD (Modification of
Diet in Renal Disease) equation9.
Thresholds for hypertension diagnosis based on
ABPM reports followed consensus values: 24-h average≥130/80 mmHg; awake (day time) average≥135/85 mmHg; and asleep (night-time) average
≥ 120/70 mmHg10. However, for the purpose of this
study, changes in treatment performed by the
responsible physician based on ABPM results were
used to determine the adequacy of BP control for
each patient. This was used instead of a fixed target
BP, considering the importance of individualizing
targets (according to age, co-existent cardiovascular
disease and other comorbidities, degree of proteinuria and other risk factors of CKD progression,
presence or absence of diabetic retinopathy and
tolerance to treatment)11,12.
White coat effect was defined as the rise in BP that
occurs in the medical environment regardless of the
daytime ABPM level or the use of antihypertensive
drugs7. Masked hypertension was defined as the presence of office BP in target levels with average BP on
ABPM above target level. A non-dipping pattern was
defined as an average night-time BP drop less than
10% from the daytime average13.
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Statistical analysis


Data is presented as mean ± standard deviation for
continuous variables, absolute frequencies and percentages for categorical variables. Analysis was performed using the SPSS version 17 (IBM) computer
software program.

RESULTS

Data from ambulatory BP is listed in Table II. Average
24-hour BP was 137/77 mmHg; 61.0% had 24-hour
systolic BP > 130 mmHg and 30.4% diastolic BP > 80
mmHg. Only 13 patients (24.1%) had both average
24-hour systolic and diastolic BP ≤ 130 mmHg and ≤80
mmHg, correspondingly.
Mean pulse pressure was 60.7 (± 18.1) mmHg in the
24-hour period, with 23 patients (42.6%) with a mean
pulse pressure over 60. Fifty percent of patients presented a dipper pattern of BP. White coat effect was
detected in 22.2% of patients.

Demographics and clinical characteristics of study

population (Summarized in Table I)

A total of 54 patients were included in the study,
all Caucasian, 64.8% men. Mean age was 59 (±15)
years. Diabetes was present in 42.6%; dyslipidaemia
in 57.4%; coronary artery disease in 11.1%; cardiac
failure in 5.6%; cerebrovascular disease in 14.8% and
peripheral artery disease in 13.0%. A total of 53.7%
were overweight or obese and 11.1% were current
smokers.
Almost half of the patients had stage 3 CKD (46.3%);
11 patients were in stages 1 or 2 (20.4%) and 18 patients
in stages 4 and 5 (33.3%). Main aetiologies of CKD
included ischaemic/ hypertensive nephropathy (29.6%)
and glomerulonephritis (29.6%), followed by diabetic
nephropathy (18.5%), autosomal dominant polycystic
kidney disease (9.3%) and other/undetermined cause
(13.0%).
Hypertension aetiology was predominantly related
to renal parenchymal disease (87.0%), with 9.3% of
cases of renovascular hypertension and 2 multifactorial
cases (3.7%). The average number of antihypertensive
drugs pre-ABPM was 3.0±1.5, with a predominance of
angiotensin converting enzyme inhibitors (68.5%), diuretics (59.3%), dihydropyridine calcium channel blockers (55.6%) and beta-blockers (46.3%). More than half
of the patients (51.9%) were classified as having resistant hypertension.
Criteria for ABPM request and results


Reasons appointed for ABPM request were as follows
(Table I): to confirm true resistant hypertension (40.7%),
uncontrolled hypertension (29.6%), suspicion of WCH
(16.7%), symptoms of hypotension (9.2%) and suspicion
of masked hypertension (3.8%). Mean valid ABPM
measurements was 84.8±9.7 % of total.

Table I
Characteristics of the population studied
Caracterization of patients
Demographics
Age (years)

59±15

Males

64.8%

Race: Caucasian

100%
Chronic kidney disease

Aetiology of CKD

Ischaemic/ hypertensive nephropathy
Chronic glomerulonephritis
Diabetic nephropathy
ADPKD
Other

29.6%
29.6%
18.5%
9.3%
13.0%

CKD stages

1-2
3
4-5

20.4%
46.3%
33.3%

Comorbidities

Diabetes
Dyslipidaemia
Coronary artery disease
Cardiac failure*
Left ventricular hypertrophy*
Previous cerebrovascular event
Peripheral artery disease
Smoking
Excess weight/ obesity

42.6%
57.4%
11.1%
5.6%
22.2%
14.8%
13.0%
11.1%
53.7%

aetiology

Renal parenchymal disease
Renovascular
Multifactorial

Hypertension

Reasons for ABPM request Resistant hypertension
To confirm non-controlled hypertension
Suspicion of white coat hypertension
Symptoms of hypotension
Suspicion of masked hypertension

87.0%
9.3%
3.7%
40.7%
29.6%
16.7%
9.2%
3.8%

Average number of antihy- 3.0±1.5
pertensive drugs pre-ABPM
Classes of antihypertensive Angiotensin converting enzyme inhibitors
drugs
Diuretics
Dihydropyridine calcium channel blockers
Beta-blockers

68.5%
59.3%
55.6%
46.3%

*Echocardiogram reports available for only 28 patients. ABPM – Ambulatory Blood
Pressure Monitoring; ADPKD – Autosomal Dominant Polycystic Kidney Disease; CKD –
Chronic Kidney Disease

Port J Nephrol Hypert 2017; 31(1): 31-36

33

Catia Cunha, Susana Pereira, João Carlos Fernandes, Vítor Paixão Dias

Table II
Results from ambulatory blood pressure monitoring in the population studied
24-hour period

Daytime period

Night-time period

Systolic BP (mmHg)

Average BP in ABPM

137.3±17.1

140.3±18.1

128.1±17.9

Diastolic BP (mmHg)

76.6±11.0

78.6±11.6

69.8±13.0

Systolic BP
n (%)

> 130 mmHg
31 (57.4%)

> 135 mmHg
27 (50.0%)

> 120 mmHg
36 (66.7%)

Diastolic BP
n (%)
Pulse pressure (mmHg)

> 80 mmHg
16 (29.6%)
60.7±18.1

> 85 mmHg
10 (18.5%)
61.2±18.6

> 70 mmHg
18 (33.3%)
59.3±17.8

Influence of ABPM in treatment and agreement with

pre-ABPM clinical evaluation of BP control

Changes in anti-hypertensive treatment based on
ABPM and correspondent reasons for ABPM request
are shown in Figure 1. Twenty-five patients (46.3%)
required no change in anti-hypertensive treatment; 23
(42.6%) required escalation of anti-hypertensive treatment and 6 (11.1%) had their medication reduced after
ABPM results (Figure 1).

We found a pre-ABPM misclassification of BP control
in 55.6% of patients (n=30). This includes 20 patients
thought to have either uncontrolled or excessive BP
control who required no change in treatment; 6 patients
referred because of suspicion of excessive BP control
or WCH who actually required intensification of antihypertensive drug and 4 patients suspected of uncontrolled BP who were found to be overtreated. Average
number of anti-hypertensive medication post ABPM
was 3.1±1.6, similar to the number pre-ABPM.

Figure 1
Changes in anti-hypertensive treatment and its corresponding reasons appointed for ABPM referral.

Bold – Clinical misinterpretation of BP control. (WCH – white coat hypertension)
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DISCUSSION
HTN constitutes a very relevant cardiovascular and
renal risk factor in patients with CKD. A cohort study
from 2010 reported that 86% of CKD patients had
hypertension while 58% of those hypertensive were
treated with 3 or more medications1. The major outcomes relevant to BP control in CKD patients are kidney
disease progression and cardiovascular events, including stroke5. Increasing BP relates with more than 20%
increase in risk of end-stage renal disease compared
to those with normal BP14.
ABPM is the recognised gold standard for the assessment of hypertension and ABPM patterns have been
stablished as having prognostic importance in the general hypertensive population15,16. It detects masked
HTN, isolated nocturnal hypertension and non-dipper
pattern of BP, conditions of known cardiovascular risk17.
It also detects WCH, avoiding overtreatment and its
associated risks. There is evidence that WCH, masked
HTN and non-dipper pattern of BP are more frequent
in CKD, which makes ABPM of particular importance
in this population16-18.
Clinical indications for ABPM are well defined in literature10. KDIGO guidelines on the management of BP in
CKD acknowledge the role of ABPM in CKD patients, based
on evidence for a better prediction of renal and cardiovascular outcomes with ABPM than with office readings5.
In our study, justifications for ABPM were consonant with
the current recommendations: to confirm resistant hypertension (40.7%), uncontrolled hypertension (29.6%), suspicion of WCH (16.7%), symptoms of hypotension (9.2%)
and suspicion of masked hypertension (3.8%).
When we consider guidelines based on fixed thresholds for hypertension diagnosis with ABPM10, we found
61.0% of our patients had 24-hour systolic BP > 130
mmHg and 30.4% diastolic BP > 80 mmHg. Control of
systolic BP was consistently worse both in daytime and
night-time periods, when compared to diastolic BP
control. Mean pulse pressure was 60.7 (± 18.1) mmHg
in the 24-hour period. This is consistent with literature.
Patients with CKD present significantly elevated ambulatory PP, reflecting increased arterial stiffness and
enhanced CVD risk19. Increased arterial stiffening in
CKD and end-stage renal disease (ESRD) patients is of
multifactorial origin, with extensive arterial calcifications representing a major covariate20. Therefore, CKD
patients have an altered night-time pressure profile
and higher pulse pressure that translate into a more
severe cardiac damage21.

Fifty percent of our patients presented a non-dipper
pattern of BP, a proportion slightly lower than described
in other studies. The exclusion of patients on dialysis,
known for increasing proportion on non-dipper pattern,
might explain the difference. A cross-sectional study
involving 10271 hypertensive patients, enrolled in the
Hygia Project, of which 3227 had CKD, showed a nondipper prevalence of 61% in hypertensive patients with
CKD (vs 43% in those without CKD) and a significant
increase in the proportion of non-dipper status with
increasing stage of worsening CKD19. The incidence is
significantly higher in patient on dialysis: 82% in a retrospective study (22) and 80% in the AASK cohort
study23. Higher prevalence of non-dipper pattern of
BP may be explained by increased sympathetic nervous
system activation, more common obstructive sleep
apnoea, sedentary lifestyle and poor sleep quality, as
well as common concurrent comorbidities13.
In this study, we looked at the influence of ABPM in
treatment changes as a marker of adequate or inadequate control of BP for a specific patient, instead of
using a fixed BP target for all. This was based on the
KDIGO recommendations that it is good clinical practice
to assess the risks and benefits of BP-lowering treatment in an individual patient and to tailor therapy
accordingly5. There is growing evidence that a strict
BP goal of < 130/80 mmHg for individuals with CKD
may not be beneficial for renal protection and that low
blood pressure has been associated with increased
cardiovascular events in interventional studies for cardiorenal protection24-27.
We found that 44.4% required no change in antihypertensive treatment after ABPM, even though in
83.3% of these the previous clinical suspicions would
have led to unnecessary changes with consequent
under- or overtreatment. Additionally, 42.6% of the
patients required escalation of anti-hypertensive treatment and 11.1% had their medication reduced after
ABPM results. Again, the previous clinical evaluation
was inadequate in 34.5% of these patients.
Our results support the important role of ABPM in
the correct evaluation of BP control in CKD patients and
a valuable guide to anti-hypertensive adjustments, with
an inadequate clinical interpretation (over- or underestimation) of BP control in 55.6% of patients. This is consistent with previous published results. A 5693-patient
cross-sectional analysis from Spain showed a misclassification of office blood pressure control in 1 of 3 hypertensive patients with CKD because of WCH or masked
hypertension (35% misclassification), with an average
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overestimation of systolic/ diastolic office BP of around
21/11 mmHg6. Similarly, a recent Chinese study also
provided evidence of disparate assessment of clinic
blood pressure and ABPM in patients with CKD (difference in systolic BP/ diastolic BP between clinic BP and
ABPM was 9.8 mmHg and 6.65 mmHg, respectively, with
a more substantial difference in older patients mostly
due to higher prevalence of masked hypertension)28.
Data demonstrates inconsistent results in office measurements vs ABPM and that information from ABPM
can potentially impact future cardiovascular and renal
outcomes in patients with CKD29. So, even though it
might be time consuming and costly, ABPM is worth
considering, particularly in CKD patients.
An important limitation of our study was the small
number of patients included. Additionally, adequate
BP control is inferred from therapeutic attitudes and
so potentially prone to error. Additional useful information would be the re-evaluation of BP control in those
submitted to changes in treatment with a second
ABPM, but none of these patients repeated this exam.
Our results are consistent with literature and stress
the important role of ABPM in BP evaluation in CKD
patients. More randomized controlled trials are necessary to determine if routine use of ABPM in CKD actually
results in a better prognosis for these patients.

CONCLUSION
ABPM appears as an important tool not only to
detect CKD patients who need intensification of antihypertensive treatment but also to identify excessive
BP control, both associated with complications. ABPM
must be part of the nephrologists’ clinical practice. In
our nephrology department, we have integrated as part
of our routine care of hypertension in CKD.
Disclosure of potential conflicts of interest: none declared.
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