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The prevalence rates of hypertension and chronic kidney disease (CKD) are in-
creasing with the aging of the population. Hypertension and CKD are closely 
related, and hypertension with accompanying CKD is difficult to control. This 
difficulty controlling blood pressure (BP) can be explained by changes in diur-
nal variation in BP, such as non-dipping and reverse dipping patterns, increased 
pulse pressure, and BP variability in CKD patients resulting in a high frequency 
of nocturnal hypertension or masked hypertension. CKD patients with uncon-
trolled or nocturnal hypertension are at increased risk for cardiovascular disease, 
progression of CKD, and all-cause death. Recent studies have shown that inten-
sive reduction of systolic BP below 120 mmHg is seems to favor in CKD patients 
regardless of the presence or absence of diabetes. As BP control is difficult in 
patients with CKD, appropriate measurement of BP is important. Automated BP 
monitoring could reduce the so-called “white coat effect” (spike in BP) that may 
be triggered by measurement in a clinical setting. Moreover, out-of-office BP 
monitoring at home or ambulatory BP monitoring for 24 hours may provide crit-
ical information regarding diurnal BP variability and nocturnal BP in patients 
with CKD.
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INTRODUCTION 

According to data from the World Health Organization, 
hypertension is estimated to affect up to 40% of adults 
worldwide, and the prevalence is continuously increas-
ing. According to the Korean Hypertension Fact Sheet 
2018, the age-standardized mean blood pressure (BP) 
levels have remained almost unchanged over the last 
10 years. Nevertheless, the prevalence of hypertension 
is 29% in the adult Korean population aged 30 years or 
older. Furthermore, with continued aging of the popu-
lation, the estimated size of the population with hyper-
tension is over over 11 million in Korea. It is thought to 
be impossible to control BP in over half of these cases, 
representing 5.9 million individuals [1]. Chronic kidney 

disease (CKD) is strongly correlated with hypertension. 
In a previous study, a higher CKD stage was found in 
patients with hypertension than in those with normal 
BP, and time-varying systolic BP was associated with 
an increase in the risk of developing CKD, with the risk 
increasing above 120 mmHg [2]. The Chronic Renal In-
sufficiency Cohort (CRIC) study reported that the prev-
alence of hypertension was 86% in patients with CKD, 
whereas only 46% of patients had BP < 130/80 mmHg, 
which was controlled according to the recent 2017 
American College of Cardiology/American Heart Asso-
ciation (ACC/AHA) hypertension guidelines [3]. In ad-
dition, patients with CKD in a large community-based 
study were reported to be at greater risk for hyperten-
sion-related adverse outcomes, including risk for death, 
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cardiovascular events, and hospitalization [4]. In anoth-
er study, CKD patients with hypertensive nephropathy, 
such as diabetic nephropathy, were at 3.3-fold higher 
risk for cardiovascular events and death than those with 
primary renal disease [5]. Hypertension is common in 
patients with CKD, and uncontrolled hypertension is 
associated with adverse clinical outcomes. 

Therefore, strict BP control is needed to reduce car-
diovascular events and death in patients with CKD. The 
aim of this review was to identify the acceptable BP tar-
get with regard to safety and benefits, and to determine 
the altered circadian BP variability and usefulness of 
out-of-office BP monitoring for proper BP measure-
ment in CKD patients.

LOW BP TARGET IN CKD PATIENTS: SAFETY 
AND BENEFITS

While the risk for cardiovascular disease increases with 
increasing BP, and lowering BP reduces this risk in 
patients with hypertension, the optimal BP target to 
prevent hypotension-associated adverse events has not 
been elucidated [6]. Three randomized controlled tri-
als (the Modification of Diet in Renal Disease [MDRD] 
study, the African American Study of Kidney Disease 
and Hypertension [AASK], and the Ramipril Efficacy 
In Nephropathy [REIN]-2 trials) indicated beneficial 
effects of low BP targets in reducing cardiovascular 
events, mortality, and slowing the progression of CKD 
to end-stage renal disease in patients with CKD [7-9]. 
However, a recent randomized controlled trial in pa-
tients with non-diabetic CKD, i.e., the Systolic Blood 
Pressure Intervention Trial (SPRINT), raised questions 
regarding whether intensive systolic BP control reduc-
es risk for cardiovascular disease and all-cause death 
[10]. The SPRINT study reported a 25% risk reduction 
in the composite of cardiovascular disease and a 27% 
decrease in death from any cause in an intensive treat-
ment group (systolic BP < 120 mmHg) compared to a 
standard treatment group (systolic BP < 140 mmHg) 
[10]. Subgroup analyses indicated no differences in pri-
mary outcome between the intensive treatment group 
and the standard treatment group among patients 
with CKD. A ≥ 30% reduction in estimated glomerular 
filtration rate (eGFR) to < 60 mL/min/1.73 m2 in a sub-

population without CKD was significantly higher in the 
intensive treatment group than in the standard treat-
ment group [10]. Moreover, although most participants 
showed complete recovery of kidney function, intensive 
BP lowering resulted in a 1.6-fold increase in episodes 
of acute kidney injury in all subjects [11]. Therefore, 
there has been some debate as to whether intensive BP 
lowering may be harmful in patients with CKD. How-
ever, in a recent study of 2,646 SPRINT participants 
with non-diabetic CKD, the risk for all-cause death 
was significantly lower with a target systolic BP < 120 
mmHg compared to < 140 mmHg [12]. In addition, ac-
cording to a study that employed urine biomarkers, the 
eGFR decline during the first 6 months in the intensive 
arm of SPRINT predominantly reflected hemodynamic 
changes rather than intrinsic damage to kidney tubule 
cells [13]. Similar to the results of a previous urine bio-
marker study, observations in participants with diabetic 
CKD in the Action to Control Cardiovascular Disease 
in Diabetes Blood Pressure (ACCORD-BP) trial also 
showed that intensive BP control was associated with 
reductions in eGFR but not with increases in injury 
marker levels, suggesting that they reflect hemodynam-
ic changes [13,14]. Thus, on balance, the best strategy 
seems to be intensive systolic BP lowering in the CKD 
population, regardless of the presence or absence of di-
abetes [15]. The 2012 Kidney Disease Improving Global 
Outcomes (KDIGO) guidelines suggest a BP target of < 
130/80 mmHg in CKD patients with proteinuria, where-
as the 2017 ACC/AHA guideline suggests adjustment to 
< 130/80 mmHg even without proteinuria [16,17].

DIURNAL VARIATION IN BP IN CKD PATIENTS

When BP targets are determined, precise BP should be 
measured to diagnose hypertension and control BP tar-
get levels. However, the altered circadian BP rhythm in 
patients with CKD is an obstacle to the diagnosis and 
control of BP, in contrast to healthy individuals [18,19]. 
Indeed, healthy individuals have a dipping pattern in 
which BP falls by 10% to 20% during sleep, where-
as the dipping pattern is blunted in individuals with 
CKD [20,21]. A previous study showed a significantly 
increased prevalence of non-dipping (blunted noctur-
nal BP decline) or riser patterns (greater increase in BP 
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during sleep than when awake) in hypertensive patients 
with CKD [20]. The AASK reported that 80% of partic-
ipants had a non-dipping or reverse dipping pattern 
[22]. In addition, the prevalence of the non-dipping 
pattern was higher among patients with CKD than in 
those without CKD (60.6% vs. 43.2%, respectively) [23]. 
Nocturnal hypertension can be diagnosed when office/
clinical BP is within the normal range during the day-
time but increases at night. Thus, masked hypertension 
is associated with nocturnal hypertension, particular-
ly the riser pattern that results in a missed diagnosis 
of hypertension and undertreatment of hypertensive 
patients with CKD. Remarkably, among CKD patients 
with normotension based on clinical BP, the prevalence 
of masked hypertension has been reported to be as 
high as 40% to 70% [24]. Previous studies have shown 
that low eGFR and proteinuria are associated with 
nighttime and masked hypertension [25-27]. The mech-
anisms underlying the altered diurnal BP variability are 
incompletely understood. Nevertheless, increased sodi-
um retention, fluid overload, activation of the renin-an-
giotensin system and endothelin, altered sympathetic 
nervous system activity, endothelial dysfunction, oxi-
dative stress, and arterial stiffness have been proposed 
to explain the pathophysiology of altered BP variability 
with decreased renal function, such as nocturnal hyper-
tension, a non-dipping or riser pattern during sleep, 
increased pulse pressure, and exaggerated morning BP 
surges [28-30]. Eventually, these altered circadian BP 
rhythms cause target organ damage and eventually have 
detrimental effects on the progression of cardiovascular 
disease and kidney disease. Compared to individuals 
with controlled clinical BP or white coat hypertension, 
the risks of cardiovascular and kidney disease progres-
sion are higher in those with elevated nocturnal BP, 
masked hypertension, or sustained hypertension ac-
companying CKD and in those undergoing hemodial-
ysis [20,22,23]. Therefore, precise and optimal BP mea-
surement is needed to determine masked hypertension 
and nocturnal hypertension because these are common 
characteristics of patients with CKD.

OPTIMAL BP MEASUREMENT IN CKD PATIENTS

There are two methods of measuring BP: office-based 

and out-of-office-based measurements (Fig. 1). The 
diagnosis and management of hypertension are still 
mainly based on office-measured BP. However, tradi-
tional measurement using an aneroid sphygmoma-
nometer is limited by a lack of medical staff, differences 
between measurer, an inability to assess circadian vari-
ation, and the “white coat effect” defined as transient 
increases in BP observed in some patients when con-
fronted with medical staff leading to overdiagnosis and 
overtreatment of hypertension [31].

On the other hand, automated office BP measure-
ment (AOBPM), which is widely available in offices and 
provides multiple consecutive BP readings with the 
patient resting alone, has been shown to decrease the 
white coat effect compared to single manual BP mea-
surements. Indeed, the ACCORD-BP and SPRINT trials 
measured BP using AOBPM, which yielded approxi-
mately 5 to 10 mmHg lower values than typical office 
systolic BP readings [31,32]. Recent studies have shown 
that AOBPM is a valuable method for predicting car-
diovascular events [33,34]. 

The next method of BP measurement is home blood 
pressure monitoring (HBPM). The wide availability of 
automated electronic devices could increase the use 
of HBPM. Hypertensive patients with CKD who use 
HBPM are more likely to be at or below the target BP 
level [35]. A previous meta-analysis of 18 randomized 
controlled clinical trials showed that HBPM results 
in better BP control and greater achievement of BP 
targets than usual BP monitoring in the hypertensive 
population [36]. This can be explained by the fact that 
the direct feedback of one’s own BP level may improve 
motivation in self-care as well as increase adherence to 
antihypertensive medications [35]. In predicting clinical 
outcomes, a prospective cohort study performed in 150 
patients undergoing chronic hemodialysis showed that 
HBPM was associated with a 40% to 63% higher rate of 
all-cause or cardiovascular mortality for a 1-standard 
deviation (SD) increment in diastolic BP [37]. Conse-
quently, HBPM can predict associations more strongly 
with target organ damage and progression of CKD 
compared to routine office BP measurements [38,39]. 
All measurements at home should be made at the same 
times of day each day and BP measurements should be 
averaged after 2 to 4 weeks to assess the effects of an-
tihypertensive treatment [38]. Patients must verify that 
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differences between the left and right arms are insignif-
icant. If differences are significant, the physician must 
instruct the patient to measure BP in the arm with 
higher readings. In addition, BP should be checked 
in the morning before taking medications and in the 
evening before supper [16,38]. Furthermore, regardless 
of typical manual office BP measurement, AOBPM 
and HBPM must be measured accurately. To reduce 
intrapatient variability, BP must be measured after 5 
minutes of rest, two to three readings should be taken 
1 to 2 minutes apart, and BP measurements should 
be averaged. In addition, a cuff with a bladder encir-
cling 80% of the arm must be used. The cuff should 
be placed such that the middle is on the patient’s bare 
upper arm at the level of the right atrium (the midpoint 
of the sternum) [40,41]. Out-of-office measurements are 
recommended to at least confirm the diagnosis of hy-

pertension and for initiation of antihypertensive med-
ication, in conjunction with telehealth counseling or 
clinical interventions according to the 2017 ACC/AHA 
guidelines [16].

As mentioned above, hypertensive patients with CKD 
exhibit altered diurnal variation in BP, which may 
include a non-dipping pattern, nocturnal hyperten-
sion, sustained hypertension, a morning surge, high 
BP variability, and increased pulse pressure. BP must 
be measured from morning to night, regardless of 
whether in an office or out-of-office setting. Thus, am-
bulatory blood pressure monitoring (ABPM) could be 
helpful for detecting changes in circadian BP variation 
in patients with CKD, because it measures BP every 
half hour during the day and every hour during the 
night over 24 hours [28]. A study conducted on a gener-
al Japanese population showed that nighttime BP is a 

Figure 1. Methods of measuring blood pressure: office-based and out-of-office-based blood pressure (BP) measurements. CKD, 
chronic kidney disease; HTN, hypertension.
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better predictor of CKD development than daytime BP, 
suggesting that ABPM is useful for evaluating the risk 
of progression to CKD [42]. Therefore, ABPM may be 
a more valuable tool for measuring variation between 
daytime and nighttime BP to identify patients at risk 
for cardiovascular complications than office-based BP 
measurements or even HBPM [43,44].

CONCLUSIONS

Hypertension is associated with increased risk for car-
diovascular events and death in CKD patients. Recent 
guidelines recommend a lower BP target in CKD to re-
duce cardiovascular and all-cause death. However, noc-
turnal non-dipping, masked hypertension, morning 
surge, increased pulse pressure, and resistant hyperten-
sion are common features of altered diurnal variation 
in BP in CKD patients. Out-of-office BP measurement, 
including HBPM and ABPM, may improve the as-
sessment of overall BP control in patients with CKD 
compared to office-based BP measurements alone. 
Although ABPM for 24 hours provides critical informa-
tion on circadian BP variability and nocturnal BP, if it 
is difficult to access, HBPM is also recommended and 
could be applied in patients well informed on how to 
measure BP accurately. 
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