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Chapter 4
The Importance of Ambulatory and Home 
Monitoring Blood Pressure in Resistant 
Hypertension Associated with Chronic Kidney 
Disease

Silvio Borrelli, Luca De Nicola, Giuseppe Conte, and Roberto Minutolo

 Introduction to Out-of-Office BP Monitoring

Out-of-office blood pressure (BP) measurements include ambulatory blood pressure 
monitoring (ABPM) lasting 24 h and home BP monitoring (HBPM) obtained with 
patient at home, seated and resting. ABPM provides a more precise assessment of 
BP profiles and a description of circadian rhythm of BP (dipping status), whereas 
HBPM only discloses abnormal BP profiles [1].

ABP monitors are compact, typically worn on a belt or in a pouch, and connected 
to a sphygmomanometer cuff on the upper arm by a tube. The monitors are usually 
programmed to obtain readings every 15–30 min throughout the day and night, and 
it is obtained while patients perform their normal daily activities. At the end of the 
recording period, the readings are downloaded into a computer for processing. 
Patients must fill out a diary during the monitoring period to document any symp-
toms, awakening and sleeping times, naps, periods of stress, timing of meals, and 
medication ingestion [1].

Based on the goal proposed by current guidelines [1, 2], combining clinical BP 
and ABPM allows disclosing four pressor profiles (Table 4.1). This assessment is 
not a “semantic exercise,” because it optimizes refining the risk profile of hyperten-
sive patients [3–5].

Alternatively, for the detection of white coat hypertension (WCH) and masked 
hypertension (MH), HBP monitoring may be suitable, by means of self-reporting of 
BP values. This approach for measuring BP outside of the clinic provides a great 
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advantage that is well accepted and cheaper than ABPM.  In order to obtain an 
 accurate HBPM, the measurements must be performed by the patient two times in 
the morning and two times in the evening. A minimum of three consecutive days 
and a preferred period of 7 consecutive days of HBPM is a reasonable approach for 
clinical practice. HBPM results are obtained by averaging all values recorded after 
excluding the readings obtained on the first day of HBPM [1]. The recommended 
BP threshold for optimal HBPM is <135/85 mmHg [1].

A major shortcoming of HBPM is the lack of data on nocturnal BP that makes 
this technique less accurate for an optimal evaluation of cardiovascular risk in 
CKD. Conversely, ABPM provides an accurate picture of circadian rhythm of BP 
and the detection of nocturnal hypertension. Indeed, BP is physiologically lower 
during sleep by 10–20% as compared to daytime values. Therefore, a night/day 
ratio of BP ranging between 0.8 and 0.9 is considered normal, and patients are 
defined as “dipper,” while the lack of nighttime BP reduction by at least 10% identi-
fies individuals as “non-dipper.” In particular, as described in Table 4.1, a decline of 
nocturnal BP between 0 and 10% with respect to diurnal BP (night/day BP ratio: 
0.9:1.0) defines the “non-dipper” condition, whereas if nocturnal BP is higher than 
diurnal BP (night/day BP ratio > 1.0), the patient is defined as “reverse dipper.” 
Some patients may experience a marked reduction of night BP, greater than 20% 
(night/day BP ratio < 0.8); this infrequent condition is defined as “extreme dipping” 
[1]. This classification is relevant for prognosis of hypertensive patients since sev-
eral studies and meta-analyses have reported that non-dipping status and nocturnal 
hypertension are associated with increased risk for cardiovascular (CV) events and 
all-cause mortality, independent of clinical and daytime blood pressure levels [6, 7].

Table 4.1 Main information derived from ambulatory blood pressure monitoring (ABPM) and 
office blood pressure (BP)

ABPM Office BP

Recommended targeta 24 h ABP <130/80
Daytime ABP <135/85
Nighttime ABP <120/70

≤140/90 (Ualb < 30 mg/d)
≤130/80 (Ualb 30–300 mg/d)
≤130/80 (Ualb >300 mg/d)

Pressor profiles

Controlled hypertension At goal At goal
White coat hypertension At goal Not at goal
Masked hypertension Not at goal At goal
Sustained hypertension Not at goal Not at goal
Circadian profiles

Dipper Nighttime BP < daytime BP by 
10–20%

–

Extreme dipper Nighttime BP < daytime BP by 
>20%

–

Non-dipper Nighttime BP < daytime BP by 
0–10%

–

Inverse dipper Nighttime BP greater than 
daytime BP

–

aRecommendations on BP targets are based on Refs. [1, 2]
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 Importance of Ambulatory/Home BP Monitoring in CKD 
Patients

 ABPM and HBPM as Continuous Variables

The inconclusive results on the prognostic role of the BP target in patients with 
CKD [8–10] might relate to the limited ability of clinical BP readings to adequately 
stratify the global risk in this high-risk population [11, 12]. Three large prospective 
cohort studies provided clear evidence that HBPM and ABPM are superior to clini-
cal BP readings in predicting all-cause mortality, CV events, and end-stage renal 
disease (ESRD) [13–16]. Agarwal and Andersen demonstrated in a cohort study of 
217 veterans with CKD who were followed for a median of 3.5 years the superiority 
of ABPM over clinical BP for predicting a composite endpoint of death or ESRD 
[16]. Similar results were obtained when considering HBPM versus office BP in the 
same cohort [13]. Furthermore, an analysis of 617 CKD patients in the African 
American Study of Kidney Disease and Hypertension (AASK) study found ABPM 
to be superior to office BP for predicting both CV events and a composite of death, 
ESRD, or doubling of serum creatinine over a median follow-up of 5 years [14]. 
Finally, Minutolo et al. [15] reported that in a cohort study of 436 CKD patients 
followed for a median of 4.2 years, office BP did not predict CV events or compos-
ite of death and ESRD, while ABPM, and in particular nighttime BP, increased the 
risk of either adverse outcome. In that study, the cardio-renal risk increased signifi-
cantly when daytime or nighttime BP exceeded 135/85 or 120/70 mmHg, respec-
tively. These data confirmed that normality thresholds for daytime and nighttime BP 
proposed for essential hypertension may also confidently apply to hypertension 
CKD [15].

All the previous studies on ABPM have used a single set of measurements, 
which represents a potential source of inaccuracy in properly classifying patients 
with BP at goal for daytime and nighttime ABPM that potentially leads to impre-
cise risk estimation. To address this issue, we recently tested whether an addi-
tional assessment of ABPM after 1 year provides incremental estimate of the renal 
risk beyond the initial evaluation [17]. We found that patients not reaching the 
goal for daytime and nighttime systolic BP at the two ABPM had the worst renal 
prognosis, while patients not at goal at baseline but reaching the goal at second 
ABPM were not exposed to a greater renal risk. The use of a second ambulatory 
monitoring after 1 year allows to correctly reclassify risk profile in 15–22% of 
patients based on daytime or nighttime systolic BP [17]. Therefore, in routine 
clinical practice, physicians may perform ABPM in order to identify patients with 
nocturnal hypertension, which constitutes a major predictor of CV events and 
progression to ESRD. Reassessment of ABPM at 1 year further refines renal prog-
nosis and it should specifically be considered in patients with uncontrolled BP at 
baseline.

4 The Importance of Ambulatory and Home Monitoring Blood Pressure in Resistant…
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 Altered BP Profiles

ABPM or HBPM allows for better assessment of hypertension control by identify-
ing patients with altered BP pattern (Table 4.1). The identification of inconsistent 
achievement of clinical and ambulatory BP goals is helpful at refining prognosis. 
Three recent meta-analyses in the setting of essential hypertension have shown that 
WCH does not associate with increased CV risk, whereas MH heralds a higher risk 
of CV events [3–5]. This assessment is particularly important in CKD because the 
prevalence of WCH and MH appears to differ from that reported in patients with 
essential hypertension where the prevalence of WCH and MH is 13% and 11%, 
respectively [18, 19]. Indeed, a meta-analysis, including six studies and 980 CKD 
patients with out-of-office BP measures, reported that WCH was more frequent in 
patients with CKD (18%), whereas MH seems to be less common in CKD (8%) 
[20]. However, these estimates were strongly influenced by the BP thresholds used 
for classifying WCH and MH and the use of antihypertensive drugs [20]. Of note, 
when considering more recent studies not included in the meta-analysis, a further 
source of bias emerges. Indeed, the prevalence of WCH is higher than that of MH in 
Caucasian patients [21–23], while the opposite was found in studies enrolling Afro- 
American or Asian patients [24, 25] (Table 4.2).

A critical question is when to perform an out-of-office measurement of BP to 
detect altered pressor profiles or, alternatively, what clinical and demographic 

Table 4.2 Prevalence of white coat hypertension (WCH), masked hypertension (MH), and non- 
dipping status in cohorts of CKD patients

Cohort Ethnicity

Thresholds for defining BP 
profiles (mmHg)

WCH 
(%)

MH 
(%)

Non- dipper 
definition

Non- 
dipper 
(%)

Office 
BP ABPM

Italian 
cohort [23]

Caucasian 
100%

<140/90 Day/night 
<135/85/<120/70

22.1 14.5 N/D ratio 
SBP > 0.9

62.4

Spanish 
registry [21]

Caucasian 
100%

<140/90 24-h BP <130/80 28.8 7.0 NA NA

Veterans 
cohort [22]

Caucasian 
80%

<130/80 Awake BP 
<130/80

24.6 4.7 N/D ratio 
SBP > 0.9

80.2

AASK 
study [28]

Afro- 
American 
100%

<140/90 Daytime BP 
<135/85

5.3 25.1 N/D 
change 
SBP <10%

80.2

JAC- CKD 
cohort [24]

Asian 
100%

<140/90 24-h BP <130/80 5.6 30.9 N/D 
change 
SBP <10%

53.5

Chinese 
cohort [25]

Asian 
100%

≤140/90 24-h BP ≤130/80 9.7 18.2 N/D 
change 
SBP <10%

75.5

WCH white coat hypertension, MH masked hypertension, ABPM ambulatory blood pressure mon-
itoring, CBP clinical blood pressure, BP blood pressure, NA not available
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conditions may predict the presence of WCH or MH and, consequently, require 
ABPM or HBP. Two studies addressed this issue in CKD patients, separately for 
WCH [26] and MH [27]. Minutolo et al. [26] reported that, among 228 CKD patients 
stages 2–5 with high office BP, 40% of patients had WCH, and this condition was 
significantly associated with proteinuria >1 g/day (odds ratio [OR], 3.12), left ven-
tricular hypertrophy (OR, 1.94), and higher office BP (OR, 1.61 for each 10 mmHg). 
Agarwal et al. [27], in a cohort of 295 CKD patients (stages 2–4) with normal clini-
cal BP (<140/90 mmHg), found that MH was a common condition whose preva-
lence varied from 27% (using daytime BP) to 33% (using 24 h BP) up to 56% when 
both daytime and nighttime BP were considered. The authors suggested that a con-
firmatory ABPM can be avoided in patients with office systolic BP <110 mmHg, 
that, however, represent the large minority of patients seen in nephrology clinics. 
Conversely, ABPM should be mandatory in patients with office BP values in the 
range of prehypertension (130–139 mmHg) by considering that two out of three of 
these patients have MH and also considered when office BP is in the 120–129 range, 
that is, a condition associated with MH in 34% of cases [27].

This more accurate estimate of hypertensive status offered by ABPM with respect 
to clinical BP translates into better risk stratification in CKD patients. Indeed, while 
the global prognosis of patients with sustained hypertension (either target not at 
goal) is worse than for normotensive patients (both BP targets at goal), the risk for 
renal death (composite of ESRD and all-cause mortality) and fatal and nonfatal CV 
events markedly differ between WCH and MH (Fig. 4.1). Patients with MH showed 

Fig. 4.1 Risk of fatal and nonfatal CV events and dialysis therapy initiation or all-cause death 
associated with pressor profiles identified by ABPM.  In bold are indicated significant hazards. 
Model is adjusted for age, sex, body mass index, diabetes, history of CV disease, hemoglobin 
level, estimated glomerular filtration rate, 24-h proteinuria, non-dipping status, and use of angio-
tensin-converting enzyme inhibitor/angiotensin receptor blocker and stratified for center [23]
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similar cardio-renal risk as those with sustained hypertension, whereas having 
WCH was not associated with a higher risk for any event, therefore suggesting that 
the different prognosis can be ascribed reasonably to poor achievement of the 
ABPM target rather than office BP target [23]. Interestingly, the cardio-renal prog-
nosis associated with WCH and MH was independent from the office and ABPM 
thresholds used to define BP profiles [23]. Indeed, the poor cardio-renal survival in 
MH patients, as well as the lack of increased risk in WCH, was consistently detected 
assuming the cutoff values of office BP and ABPM adopted in Spanish Registry, 
AASK study, Japanese study, and in a veterans cohort [15, 21, 24, 28].

It is important to note that classifying patients based on both clinical and out-of- 
office BP has relevant therapeutic implications by helping physicians to select the 
most appropriate therapeutic decision algorithm for their hypertensive patients. BP 
management merely driven by clinical BP may leave MH patients at higher risk due 
to uncontrolled ambulatory BP. On the other hand, tailoring antihypertensive treat-
ment based only on office BP values can expose WCH patients to excessive lower-
ing of BP, especially at night [26] and in elderly patients [29], with consequent 
ischemic episodes affecting renal, cerebral, and cardiac function. In this regard, it is 
interesting to note that in hypertensive patients with clinical BP not at goal but 
ambulatory BP at goal, starting antihypertensive therapy is not effective in prevent-
ing CV events compared to placebo treatment [30]. Very recently, the randomized 
Systolic Blood Pressure Intervention Trial (SPRINT) study has shown that lower 
BP (goal systolic <120 mmHg), as compared to standard control (<140 mmHg), is 
less effective in reducing the CV and not effective at all in preventing renal end-
points in the subgroup of patients with CKD with respect to those without CKD 
[31]. Indeed, driving the intensity of treatment on the basis of office BP only has led 
to higher rates of hypotensive episodes and acute renal injury. In this trial, it is there-
fore possible to hypothesize that lack of protective effect in CKD subgroup could be 
associated with the presence of a large prevalence of WCH, that is, a condition 
exposing patients at high risk of ischemic episodes. This hypothesis will be tested 
by the ancillary study of SPRINT trial enrolling 600 patients performing ABPM 
will be available [32].

 Altered Circadian Profile

The distinctive characteristic of ABPM is mainly represented by the possibility of 
obtaining information on nighttime BP, now considered the ABPM component 
more strictly linked to adverse outcome [33]. Indeed, even when daytime BP is well 
controlled, the presence of nocturnal hypertension portends a greater risk of renal 
progression [15].

The lack of physiological BP decline during nighttime (non-dipping status) 
occurs frequently in CKD patients, being consistently above 53% in all the studies 
available (Table 4.2). Prevalence increases with aging [29] and in more advanced 
CKD stages. In a group of 459 CKD patients regularly followed in renal clinics, the 
risk of being non-dipper was significantly associated with older age, diabetes, left 
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ventricular hypertrophy, and anemia [29]. In a large Japanese cohort of CKD 
patients, non-dipping status was associated also with more advanced CKD, seasonal 
variation, and, as expected, nocturia [24].

Altered circadian profiles are strongly associated with adverse clinical outcomes 
in CKD [15, 16], similar to general population and essential hypertension [6, 7, 34]. 
In particular, in CKD patients, non-dippers and reverse dippers displayed a twofold 
greater CV risk and a 60–70% higher risk of renal events [15]. Agarwal and Andersen 
reported similar results in a cohort of veterans with CKD and highlighted that a simi-
lar risk of CV outcomes occurred by using day or night versus awake or sleep BP 
and that dipping status defined as the night/day ratio confers higher CV risk as com-
pared to dipping defined as an absolute change [35]. Therefore, an adjunctive reason 
to perform an ABP recording in patients with CKD is to identify patients with noc-
turnal hypertension, which constitutes a major predictor of CV events and progres-
sion to ESRD and represents a potential target for therapy. Indeed, it has been 
suggested that non-dippers may benefit of antihypertensive treatment based on 
“chronotherapeutic” approach. This consists in the administration of one or more 
drugs at bedtime in order to restore the physiological nighttime BP decline. This 
approach has been tested in a pilot uncontrolled study, in which one antihypertensive 
drug was switched to bedtime in 32 CKD non-dipper patients [36]. ABPM was 
repeated at 8 weeks, and 28 of the 32 subjects became dippers. Noteworthy, restoring 
the normal nocturnal dip allowed a significant reduction of proteinuria [36]. More 
recently, a randomized controlled open-label crossover trial was performed in 147 
former subjects from the AASK study with average GFR of 45 mL/min/1.73 m2 with 
76% patients being non-dipper. This study did not confirm a significant BP reduction 
at night when either one antihypertensive drug or all drugs were administered bed-
time as compared with administration of therapy in the morning [37]; these results 
suggest that effectiveness of chronotherapy may not apply to all ethnic groups. 
Finally, a randomized trial tested effectiveness of chronotherapy in 661 CKD patients 
(66% non-dippers at baseline) and reported a surprising 65% reduction in the rela-
tive risk of the composite endpoint of death or CV events [38]. The strongly positive 
outcomes of this study are encouraging, but caution must be exercised. Indeed, some 
methodological aspects of this study (the open-label treatment for practitioners and 
the lack of specific algorithm used to manage BP during the follow-up) raise con-
cerns that the positive outcomes associated with the bedtime dosing were not because 
of the intervention itself but because of a bias in treatment.

These issues assume greater importance in CKD with RH that represent a cluster 
of patients where cardio-renal risk is particularly high.

 Resistant Hypertension: Definition, Cause, and Epidemiology

Hypertension is defined “resistant” (RH) when BP levels persist above the therapeu-
tic target, despite the use of at least three antihypertensive drugs at full dose, includ-
ing the diuretic, or when BP is at target, but four or more antihypertensive agents are 
prescribed [39, 40]. Although the exact prevalence is unknown, several 
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observational studies suggest that RH is a common clinical problem in general 
population [41–46], accounting for about 9% of hypertensive patients, and this 
prevalence increases to 13% when only treated patients are considered [41].

RH may be caused by biological-behavioral factors (such as smoking and obe-
sity), drugs (NSAIDs, sympathomimetics, steroids, and cyclosporine) or exogenous 
substances (cocaine, amphetamines, oral contraceptive hormones, liquorice, gin-
seng, etc.), and secondary causes of hypertension (parenchymal and vascular renal 
disease, primary hyperaldosteronism, sleep apnea, pheochromocytoma, Cushing’s 
syndrome, thyroid diseases, etc.).

 Pseudoresistance

Before defining the hypertensive patient as resistant, it is mandatory to exclude the 
so-called pseudoresistance [39, 40]. This condition, which refers to the “apparent” 
failure to reach BP target despite the prescription of an appropriate antihypertensive 
treatment, can be dependent on factors influencing either drug therapy or BP mea-
surement, the two essential parameters required for RH diagnosis. Poor adherence 
of patients to antihypertensive therapy is a critical aspect to ascertain when diagnos-
ing RH, as suggested by several studies reporting very high discontinuation rate of 
drugs in hypertensive patients [47, 48]. A further critical aspect is the “therapeutic 
inertia,” that is, the provider’s failure to modify therapy despite recognition that 
treatment goals are unmet [49, 50]. Despite guidelines for patients with CKD hav-
ing repeatedly highlighted the importance of lowering BP [2, 51, 52], control rates 
of hypertension remain largely unsatisfactory, in nephrology as non- nephrology set-
ting [53–58]. Poor achievement of BP goal in CKD patients may be due to resis-
tance to antihypertensive treatment, but it is important to underline that uncontrolled 
hypertension is not equivalent of RH; indeed, a patient cannot be classified as hav-
ing RH if he/she is not challenged with an adequate number of drugs including a 
diuretic at a dose correctly up-titrated with GFR worsening. On this regard, a retro-
spective study in hypertensive CKD patients newly referred to one renal clinic 
reported that the increment in full-dose antihypertensive medications and diuretic 
therapy increased the diagnosis of RH from 26% on referral to 38% at month 6 [59]. 
Therefore, reducing clinical inertia allows to properly reveal the frequency of RH 
whose identification is clinically meaningful being associated with adverse out-
come (see below).

Inadequate assessment of BP represents the second determinant of pseudoresis-
tance. Improper office BP measurement technique contributes to the occurrence of 
pseudoresistance by producing falsely high BP readings as it occurs when some 
recommended rules are not followed (leave the patient in a quiet room for at least 
5 min; avoid smoking, caffeine, and exercise in the 30 min before measurement; 
obtain 2–3 readings; use appropriate cuff size). Furthermore, the presence of arte-
riosclerotic and calcified arteries, usually occurring in elderly individuals, can also 
result in office BP overestimation leading in turn to a false diagnosis of RH [39, 40]. 
More important, the presence of WCH is a further cause of pseudoresistance. In the 
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large Spanish ABP registry, among the 68,045 patients examined, 12% were diag-
nosed as RH; however, after ABP monitoring, as many as 37% of RH patients were 
identified as pseudoresistant [60]. A multivariable analysis identified older age, 
female gender, shorter duration of hypertension, non-smoking, absence of diabetes, 
more preserved renal function, and negative history of previous CV disease as sig-
nificant demographic and clinical conditions in which it is more likely to detect 
pseudoresistance [60]. This issue holds even more true in CKD where WCH is com-
mon [20, 21, 26, 29, 35]. With this background, we recently explored the phenom-
enon of pseudoresistance and true (ABPM verified) resistance in a cohort of 436 
hypertensive patients with nondialysis CKD under regular nephrology care. Patients 
were classified according to 24-h ABP normal (<125/75  mmHg) or high 
(≥125  mmHg and/or ≥75  mmHg) and the absence or presence of RH (office 
BP ≥ 130/80 mmHg on 3 full-dose drugs including a diuretic agent or any office BP 
if the patient was taking four drugs) [61]. In this CKD cohort, 30% of patients 
(131/436) were diagnosed as resistant on the basis of only clinical BP measure-
ments; however, combining the information derived from ABP with RH status, we 
found that among patients classified as RH, pseudoresistance (WCH in RH patients) 
involved about one patient out of four (31/131, 24%). This prevalence is lower than 
that reported in hypertensive patients (39%) [62].

Notably, the assessment of ABP monitoring allows disclosing a prevalence 
of “true” RH in about a quarter of CKD patients (100/436) that corresponds to 
a prevalence three times greater than that reported in essential hypertension 
(~8%) [60]. As illustrated in Fig. 4.2, the prevalence of true RH increased in the 

Fig. 4.2 Prevalence of pseudoresistance and true resistance in CKD patients over CKD stages [61]
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more advanced CKD stages, whereas pseudoresistance is typically encountered 
in early stages of CKD and virtually disappeared in advanced CKD [61].

 Resistant Hypertension in CKD

Keeping in mind that CKD is at the same time cause [53, 54, 63, 64] and complica-
tion [65] of poorly controlled hypertension, the evaluation of RH in CKD patients is 
highly relevant. In this population, in fact, RH is a common finding as testified by 
several studies reporting a prevalence ranging from 30% to 42% (Table 4.3) [41, 59, 
61, 66–69]. Interestingly, based on these studies, we can state that CKD is one cause 
of RH in the general hypertensive population but, at the same time, that not all CKD 
patients have RH. Prevalence of RH progressively increases with worsening of renal 
function and with increasing urinary excretion of albumin [66]. However, these esti-
mates are partially confounded by the phenomenon of pseudoresistance (which 
overestimates the prevalence of RH) and by the occurrence of clinical inertia, which 
underestimates the RH frequency. The large prevalence among CKD patients may 
be explained not only by the large burden of hypertension in this population but also 
by the coexistence of pathogenetic factors, such as sodium retention, overexpres-
sion of the renin-angiotensin-aldosterone system (RAAS), and enhanced activity of 
the sympathetic nervous system, that may explain the poor response to the treatment 
[70]. The main disorder in CKD is the salt and water retention, occurring in the 
majority of patients with low glomerular filtration rate (GFR). The resulting increase 
of the extracellular volume (ECV), which allows preserving the external balance of 
sodium, has the harmful trade-off of the development of persistent (and often refrac-
tory) hypertension. In these patients, the entity of ECV expansion is directly depen-
dent on the degree of GFR impairment and corresponds to approximately 5–10% of 
body weight, even in the absence of peripheral edema [71]. Of note, the salt sensi-
tivity of BP is not a feature limited to the advanced stages of renal disease, but 
begins before the development of clear hypertension and severe GFR decline [72, 
73]. The fact that sodium excretion is commonly impaired in renal patients may also 
explain the large prevalence of nocturnal hypertension in CKD as compared to 
essential hypertension [74]. Furthermore, in CKD patients, systemic hypertension is 
also in part sustained by the RAAS, which is inappropriately activated when consid-
ering the ECV expansion. The ensuing glomerular hypertension leads to the pro-
gressive kidney damage in the long term. Therefore, RAAS inhibition is the 
cornerstone of the nephroprotective treatment in CKD [71]. The evaluation of clini-
cal features associated with the presence of true RH allows physicians to identify 
patients who may benefit from intensive BP monitoring including out-of-office BP 
assessment and early therapeutic. Clinical correlates of true RH in CKD are diabe-
tes, left ventricular hypertrophy, proteinuria, and poor adherence to low-salt diet. 
Each of these factors independently increases by two- to threefold the probability of 
having true RH [61]. Among individuals with CKD enrolled in the Reasons for 
Geographic and Racial Differences in Stroke (REGARDS) study, higher prevalence 
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of RH was detected in men, blacks, individuals with large waist circumferences, 
diabetes, and individuals with a history of stroke or myocardial infarction [66].

 Prognostic Meaning of RH in CKD

RH increases the risk of renal damage in the general population and worsens the 
cardio-renal prognosis of patient with overt renal damage [68]. In the setting of 
essential hypertension, the presence of mild-to-moderate GFR reduction and/or 
microalbuminuria amplifies the cardiovascular risk correlated to RH [68, 75, 76].

In the first study exploring the prognostic role of RH in CKD patients, we 
reported that RH (diagnosis not verified by means of ABPM) was associated with 
greater risk of renal death (HR, 1.85, 95% CI, 1.13–3.03), independently from main 
clinical features and degree of BP control [59]. More recently, in a cohort of 788 
CKD patients, de Beus et al. confirmed the increase of risk of renal and CV out-
comes associated with RH [77]. However, the main limitation of these studies tar-
geting the role of RH in CKD patients is the lack of out-of-office BP measurement, 
which does not allow an accurate estimate of BP load and cannot exclude the white 
coat effect (pseudoresistance).

This issue has been addressed in a cohort study including 436 CKD patients in 
which BP was assessed concurrently by ABPM and office measurement in order to 
correctly classify resistant patients as having pseudoresistance and true RH [61]. 

Table 4.3 Prevalence of apparent resistant hypertension (aRH) in CKD patients

Authors 
[ref.]

Data 
collection 
(years) Patients

Participants 
(N)

CKD 
patients aRH (%)

Persell [41] 2003–2008 General population 3710 3710 
(19.9%)

24.7

Tanner [66] 2003–2009 General population 10,700 3134 
(29.3%)

28.1

Hung [69] 2000–2010 Hypertensives from 
insurance database

111,986 2894 
(2.6%)

24.8

Sim [68] 2006–2010 Hypertensives from 
insurance database

470,386 122,300 
(26%)

22.0

De Nicola 
[59]

2002–2006 CKD 300 300 (100%) 38.0

De Nicola 
[61]

2003–2005 CKD 436 436 (100%) 30.0*

Muntner 
[67]

2003–2007 CKD 3612 3612 
(100%)

42.3

De Beus 
[77]

2004–2010 CKD 788 788 (100%) 34.1

*After excluding patients with pseudoresistance by detecting white coat hypertension through 
ABPM, the prevalence of RH (“true RH”) declined to 22.9%
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During 57 months of follow-up, we recorded 165 renal events (death, ESRD, or 
transplantation) and 109 fatal and nonfatal CV events. Patients with normal ABP 
had the best prognosis for either outcome independently from the RH status, 
whereas the highest risk for cardio-renal events was observed only in true resis-
tance. After adjustment for confounders, true resistance predicted CV and renal 
risk, while sustained hypertension (ABP above the goal without RH) associated 
only with renal outcome (Fig.  4.3). Of note, pseudoresistant patients were not 
exposed to higher cardio-renal risk [61]. These findings are clinically relevant as 
these highlight the need to identify pseudoresistant CKD patients by ABPM to 
avoid aggressive and potentially harmful antihypertensive therapy. Indeed, these 
patients were characterized by systolic BP levels during daytime, and especially at 
nighttime, close to the threshold limit of hypoperfusion (100 mmHg). Under these 
circumstances, a tighter control of BP merely based on the detection of elevated BP 
in office may expose patients to ischemia-induced worsening of cardio-renal dam-
age [78] and eventually convert their prognosis from favorable to unfavorable.

The mechanisms underlying the different prognostic value of RH are not readily 
apparent; however, we can hypothesize that persistence of hypertension despite 
optimal antihypertensive treatment specifically identifies patients with more severe 
vascular damage. The abovementioned correlates of true resistance (diabetes, left 
ventricular hypertrophy, higher proteinuria, and high salt intake) are in fact all asso-
ciated with endothelial dysfunction and arterial stiffness [79–82]. In particular, pro-
teinuria, rather than GFR, relates to the severity of hypertension [83]. Indeed, 

Fig. 4.3 Risk of fatal and nonfatal CV events and dialysis therapy initiation or all-cause death for 
each of four groups identified by ABPM and RH: true normotension (controlled HTN), pseudore-
sistance (pseudo RH), sustained hypertension (sustained HTN), and true resistance (true RH) [61]. 
Model is adjusted for age, sex, BMI, diabetes, history of cardiovascular disease, natural log- 
transformed 24-h proteinuria, and GFR [61]
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although low GFR is recognized as a CV risk factor [84], proteinuria is considered 
a better marker of the presence of vascular disease in CKD patients [85].

 Treatment of RH in CKD Patients

In CKD patients with RH, the cornerstone of therapy is certainly represented by the 
restriction of sodium intake [86]. However, this dietary measure is implemented 
only in about 20% of the CKD population at large regularly followed in nephrology 
clinics [87–89]. Interestingly, we found higher levels of sodium intake in RH patients 
(164 ± 68 mmol/day) compared to controls (141 ± 49 mmol/day), and consequently 
the adherence to low-salt diet resulted poorer in RH (14.1%) as compared to patients 
without RH (26.3%; P = 0.026) [61, 90]. This is a paradoxical condition if one con-
siders that CKD is typically characterized by high salt sensitivity [91]. More impor-
tant, a small randomized crossover trial of dietary salt restriction in patients with RH 
but without CKD has demonstrated that low-salt diet remarkably decreased office 
systolic and diastolic BP (by 23 and 9 mmHg, respectively) and 24-h BP from 150/82 
to 130/72 mmHg [92]. This antihypertensive effect of dietary sodium restriction may 
occur directly through a correction of volume expansion and indirectly by enhancing 
the antihypertensive effects of RAAS inhibitors [93]. Table 4.4 reports some practi-
cal suggestions to help patients in reducing their dietary sodium intake. These rec-
ommendations should be implemented by patients over a period of 2–4 months in 
order to give them the time to adapt their taste receptor cells to the lower saltiness.

RH definition is based on the presence of a diuretic, while type and dose of these 
agents are not mentioned. While this is not a major issue in essential hypertension, 
selecting the class of diuretic and the correct dose becomes critical in CKD patients. 
Indeed, if patients with mild renal impairment (GFR >40 mL/min/1.73  m2) may 
respond to thiazide diuretics, those with more advanced CKD require the use of 
loop diuretics and doses must be titrated to the reduced GFR [86, 94]. In a clinical 

Table 4.4 Practical recommendations to restrict sodium intake

1. Look for the amount of sodium on food labels
2. Abolish salt-containing condiments (e.g., ketchup, mayonnaise, mustard, barbecue sauce)
3. Move the salt shaker away from the table
4. Cook pasta, rice, and cereals without salt (add in smaller amount directly on cooked food)
5.  In cooking and at the table, increase the use of spices (e.g., herbs, lemon, vinegar, hot 

pepper)
6. Look for low-salt bread
7. Look for fresh or plain frozen foods
8.  Avoid frozen dinners, canned soups, packaged mixes, cured meat and fish (e.g., ham, bacon, 

salami, anchovies, salmon)
9. Choose fresh rather than seasoned cheese

10. Rinse canned foods (e.g., tuna, legumes) to remove some sodium contained as additives
11. Abolish salty snack foods (e.g., chips, nuts, crackers)
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trial performed in patients with GFR in the range 10–40 mL/min, correction of vol-
ume expansion (evidenced by body weight reduction of 2.0  kg coupled with a 
marked reduction in BP) was safely induced by oral administration of furosemide at 
doses inversely proportional to GFR level (1.0, 2.5, and 4.0 mg/kg body weight per 
day in patients with GFRs of 40–31, 30–20, and 19–10 mL/min, respectively) [95]. 
Therefore, to improve the modalities of treatment, it is helpful to start diuretic treat-
ment with a low dose that can be progressively increased if body weight does not 
decrease (the goal is weight loss of 0.5  kg/day). The lack of a significant body 
weight reduction with increasing diuretic doses likely suggests the presence of 
diuretic resistance that can be overcome by adding other agents (such as metola-
zone) in order to limit the breaking phenomenon (sodium over-reabsorption in the 
distal tubule) [96]. Disappointingly enough, nephrologists are today still reluctant to 
use adequately loop diuretics in their hypertensive CKD patients. This erroneous 
attitude cannot be justified by the fear of side effects, which are infrequent, usually 
reversible and predictable when the patient is regularly followed [97].

A further diuretic agent successfully tested in RH patients is spironolactone 
based on the finding that plasma aldosterone levels are higher in patients with RH 
than in those with controlled hypertension [98]. Efficacy of spironolactone has been 
evidenced in 175 patients with true RH and normal renal function when treated with 
doses of 25–100 mg/day and prospectively followed for 1 year [99]. The main find-
ing of the study was a significant and marked reduction of 24-h systolic and dia-
stolic BP (16 and 9  mmHg, respectively) persisting up to 15  months, without 
difference in the entity of daytime and nighttime decline. More important, the anti-
hypertensive effects of spironolactone have been evaluated in a randomized, con-
trolled, double-blind study carried out in 117 patients with RH. Spironolactone was 
administered at doses of 25 mg/day for 8 weeks in addition to the preexisting ther-
apy. At the end of 8 weeks of the study, systolic BP (measured in and out office) was 
significantly reduced in treated patients in the absence of adverse effects [100]. 
However, assessment of spironolactone efficacy has not been tested in patients with 
CKD that is a condition associated with higher risk of hyperkalemia.

 Conclusions

RH is a common condition in CKD due to a combination of factors including 
sodium retention and enhanced neurohumoral activity. However, the higher preva-
lence of WCH in CKD patients likely makes mandatory out-of-office monitoring in 
order to distinguish between pseudoresistance and true RH. Therefore, a greater use 
of ABPM in CKD patients is desirable in the attempt of limiting the misclassifica-
tion of hypertensive status and thus avoiding unnecessary aggressive antihyperten-
sive medication. Catheter-based radiofrequency ablation of the renal sympathetic 
nerves has been proposed, but the inconclusive results provided so far and the lack 
of long-term data on its efficacy and safety do not recommend the use of renal 
denervation for treatment of RH in routine clinical practice [101]. More efforts are 

S. Borrelli et al.



53

required to nephrologists to improve adherence to pharmacological therapy, expand 
the use of low-salt diet, and correctly prescribe diuretic therapy. These strategies, 
being probably more effective than renal denervation [102], must be considered as 
the first-choice therapeutic approach for controlling RH in CKD patients.
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