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Abstract

Despite the availability of blood pressure (BP)-lowering medications and dietary education,
hypertension is still poorly controlled in the chronic kidney disease (CKD) population. As glo-
merular filtration rate declines, the number of medications required to achieve BP targets in-
creases, which may lead to reduced patient adherence and therapeutic inertia by the clinician.
Home BP monitoring (HBPM) has emerged as a means of improving diagnostic accuracy, risk
stratification, patient adherence, and therapeutic intervention. The definition of hypertension
by HBPM is an average BP >135/85 mm Hg. Twelve readings over the course of 3-5 days are
sufficient for clinical decision making. Diagnostic accuracy is especially important in the CKD
population as approximately half of these patients have either white coat hypertension or
masked hypertension. Preliminary data suggest that HBPM outperforms office BP monitoring
in predicting progression to end-stage renal disease or death. When combined with addi-
tional support such as telemonitoring, medication titration, or behavioral therapy, HBPM re-
sults in a sustained improvement in BP control. HBPM must be adapted to provide information
on the phenomena of nondipping (absence of nocturnal fall in BP) and reverse dipping (par-
adoxical increase in BP at night). These diurnal patterns are more prevalent in the CKD popu-
lation and are important cardiovascular risk factors. Ambulatory BP monitoring provides noc-
turnal BP readings and unlike HBPM may be reimbursed by Medicare when certain criteria are
met. Further studies are needed to determine whether HBPM is cost-effective in the current
US healthcare system. © 2014 S. Karger AG, Basel
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Home Blood Pressure Monitoring Target in Chronic Kidney Disease

For the past 10 years, the Joint National Committee on hypertension (JNC) recommended
an office blood pressure monitoring (OBPM) target of 130/80 mm Hg or less in chronic kidney
disease (CKD) [1]. Recently, INC 8 loosened this target to 140/90 mm Hg, the same as for the
general population <60 years [2]. This new recommendation reflects the lack of robust data
supporting the lower blood pressure (BP) target. Accordingly, recent clinical practice guide-
lines for BP management in CKD have suggested a target of <130/80 mm Hg only in the
setting of severe albuminuria [3]. Multiple studies have addressed the cutoff value for hyper-
tension by home BP monitoring (HBPM). Methods include setting the value as greater than
the 95th percentile of HBPM among individuals who were normotensive by conventional
OBPM. Others have used regression analysis to determine the HBPM that corresponds to an
OBPM of 140/90 mm Hg [4]. Tsuji et al. [5] based their recommendation of 137/84 mm Hg
on 5-year mortality data from their trial of HBPM in residents of Ohasama, Japan. The Inter-
national Database of Home Blood Pressure in relation to Cardiovascular Outcome (IDHOCO)
has compiled data of over 6,000 participants from population studies of HBPM in Japan,
Finland, Uruguay, and Greece. Over a follow-up period of 8.3 years, they calculated HBPM
levels that had a similar 10-year risk as OBPM thresholds. By their analysis, the thresholds for
JNC 7 stages 1 and 2 hypertension are 130/85 and 145/90 mm Hg, respectively [6]. The first
value is slightly lower than the hypertension definition of the JNC 7 and European Society of
Hypertension Practice Guidelines of HBPM >135/85 mm Hg [1, 7]. The HBPM definition was
not addressed in the JNC 8 guidelines [2].

Risk Stratification

Hypertension is the mostimportant risk factor for cardiovascular (CV) disease, ischemic
stroke, and intracerebral hemorrhage [8]. In addition, hypertension is the second leading
cause of CKD, and elevated BP accelerates the decline in glomerular filtration rate (GFR)
over time in those with CKD from other etiologies [9]. The goal of detection and treatment
of hypertension in the population is to reduce adverse outcomes. HBPM is more accurate
than OBPM, using ambulatory BP monitoring (ABPM) as the standard [4, 10]. Recent liter-
ature has also shown that HBPM is superior to OBPM in predicting left ventricular hyper-
trophy, fatal or nonfatal CV events, and all-cause mortality in the general population [11-
13]. These differences are magnified as risk increases and are higher in men and with
increasing age and systolic BP (SBP) [4]. The previously described IDHOCO has recently
reported on the association of white coat hypertension, masked hypertension, and sustained
hypertension with a composite CV outcome, including CV mortality, nonfatal myocardial
infarction, surgical and percutaneous coronary revascularization, heart failure, pacemaker
implantation, and stroke [14]. Over a mean follow-up of 8.3 years, masked hypertension was
shown to be a significant risk factor for the composite CV outcome. The results are consistent
with previous reports using ABPM. Interestingly, this study also found that the risk of the
composite outcome was higher in untreated patients with white coat hypertension. Unfor-
tunately, OBPM was assessed during a single visit, and different HBPM schedules were used
in the individual population studies, limiting the generalizability of the data [14]. Future
studies from this database will address (1) concordance between morning and evening BP,
(2) variability of HBPM and heart rate, and (3) pulse pressure [15]. The studies included in
the database represent the general population in their respective vicinities, but it is possible
that the large sample size may allow a subgroup analysis of patients with CKD. Rather than
focusing the attention on identifying novel biomarkers of cardiac risk, accurate stratifi-
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HBPM algorithm

Unexplained LVH,
albuminuria, or CKD

| }

Does the patient have an arrhythmia or Yes Reassess BP at next
significant anxiety? clinic visit

I no

Obtain validated device and instruct patient in HBPM
Obtain 2 values in the morning and evening for 5 days
Discard first day’s values
Calculate average HBP

HBP >135/85 HBP <135/85 HBP >135/85 HBP <135/85

| | | |

Begin or titrate White coat Masked hypertension Search for another cause
antihypertensive therapy hypertension Begin therapy of end-organ damage

Office BP >140/90

Fig. 1. Flow diagram for the use of HBPM. LVH = Left ventricular hypertrophy.

cation of patients based on established risk factors is a pragmatic contemporary clinical
approach.

The prevalence of hypertension increases with declining GFR and was estimated at 83%
in the CKD population in the Modification of Diet in Renal Disease (MDRD) Study [9]. Of these
individuals, only 56% had controlled hypertension as defined by BP <140/90 mm Hg [16].
Unfortunately, OBPM is an inadequate diagnostic tool in this population as evidenced by
masked hypertension rates of approximately 25% and white coat hypertension rates of 29%
[17]. OBPM performs especially poorly in African-Americans with hypertensive nephro-
sclerosis. In the AASK trial, 70% of those with controlled OBPM were found to have hyper-
tension by ABPM [18]. Masked hypertension has been shown to have a significantly higher
CV risk than normotension [19]. HBPM may also correlate better with renal outcomes than
OBPM. A small study showed that the albumin excretion rate correlated with HBPM but not
OBPM [20]. In a study of 217 US veterans with CKD, HBPM performed better than OBPM in
predicting progression to end-stage renal disease or death over a 3.5-year period [21]. HBPM
should be considered for any patient with new-onset hypertension by OBPM or left ventricular
hypertrophy, albuminuria, or unexplained CKD (fig. 1).

BP Variability and Nocturnal Readings
Data are emerging that multiple BP readings through the day may provide information

on BP trends that predict prognosis more precisely. These metadata capture BP variability
and patterns of nondipping (absence of nocturnal fall in BP) and reverse dipping (paradoxical
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Table 1. Methods of BP measurement

Method Advantages Disadvantages
OBPM Most commonly used in RCTs and long-term outcome Highly variable
trials Observer bias
Reimbursed with office visit May be inaccurate in white coat
hypertension and masked
hypertension
HBPM Stronger predictor of hypertensive end-organ damage Requires training and device
than OBPM calibration
Improves adherence and BP control, especially when Out of pocket patient expense
combined with additional supportive measures Unreliable in atrial fibrillation
Detects white coat and masked hypertension May exacerbate anxiety disorder
Wide availability and low cost and obsessive behavior
ABPM Stronger predictor of hypertensive end-organ damage Expensive

than OBPM
Most reliable way to assess nondipping and reverse

dipping

Cumbersome for the user
Strict criteria for reimbursement
Limited availability

Detects white coat and masked hypertension

increase in BP at night). SBP variability has been linked with a lower GFR [22]. In one study
of diabetic patients with albuminuria, SBP variability significantly correlated with a higher
incidence of coronary artery disease and retinopathy [23]. However, it is currently unclear
whether SBP variability correlates with progression of CKD [24].

The prevalence of nondipping and reverse dipping is also higher in the CKD population
and increases with declining GFR. Nondippers have a significantly higher rate of stroke and
CV mortality independent of the mean 24-hour ABPM [25]. Furthermore, obstructive sleep
apnea (OSA) may cause nocturnal rises in BP through hypoxemia, sympathetic activation, and
disruption of normal sleep [26]. Continuous positive airway pressure therapy decreases CV
mortality in patients with OSA [27]. Thus, detection of the nondipping status is not only of
prognosticimportance, but may identify patients who should be screened for OSA. The Omron
747-1C-N has a memory-equipped clock that can be utilized as a timer to obtain BP readings
atnightand has been used in atleast one clinical trial [28]. Since dipping status may vary from
night to night, HBPM offers the advantage of measurements over multiple nights. See table 1
for a comparison of OBPM, HBPM, and ABPM.

Adherence and Management

HBPM is attractive as a means of reducing pill burden in those with white coat hyper-
tension and improving adherence in patients with sustained hypertension. Hypertension is
an insidious disease that may be completely asymptomatic until it causes end-organ damage.
Patients often cite the lack of symptoms as a reason for nonadherence to a BP regimen, and
the estimated adherence varies between 50-70% [29]. HPBM gives the patient a way of moni-
toring medication efficacy and may act as positive reinforcement [30]. In a study of 250
patients in Spain, adherence to an antihypertensive regimen was 92% in the HPBM group as
compared to 74% in the control group [31]. It is also useful in avoiding unnecessary therapy
in white coat hypertension. In the Treatment of Hypertension Based on Home or Office Blood
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Pressure (THOP) trial, 400 European patients with a diastolic BP (DBP) >95 mm Hg were
randomized to HBPM or OBPM antihypertensive titration per protocol. At 1 year, more
patients in the home BP group (25.6 vs. 11.3%) were able to discontinue medications, but the
average BP was also higher by 4.9/2.9 mm Hg [32]. The target DBP was <90 mm Hg, although
guidelines suggest a home DBP target <85 mm Hg, which may have accounted for the higher
home BP. Identification of white coat hypertension also led to more medication discontinu-
ation in the Home Versus Office Measurement, Reduction of Unnecessary Treatment Study
(HOMERUS), which included 430 patients, used oscillometric devices for both OBPM and
HBPM, and assessed both SBP and DBP control. Unlike THOP, HOMERUS found that uncon-
trolled hypertension was more frequent in the OBPM group and a statistically higher
percentage of patients in the HBPM group met their BP target (74 vs. 50%) [33].

HBPM generates more BP readings that may help overcome therapeutic inertia on the
part of the clinician and allow more rapid titration of medications. In a large European study
by McManus et al. [34], titration of medications occurred every 2 months in the group
randomized to HBPM and telemonitoring. The usual care group saw a physician on average
3.5 times/year and had a significantly higher office BP at 1 year. These results have been
reproduced in a large US Veterans Administration study that included 48% African-Amer-
icans. Patients had better BP control at 1 month with HBPM and medication titration every 6
weeks as necessary. The improvement was sustained at 18 months in those who were hyper-
tensive at baseline [35]. Pharmacist management of antihypertensive medications may be
equally efficacious [36]. Further, a meta-analysis of 52 prospective comparative trials of
HBPM with or without intervention compared to OBPM found HBPM combined with addi-
tional support results in an average lowering of SBP by 3.4-8.9 mm Hg and DBP by 1.9-4.4
mm Hg. There was no significant difference between usual care and HBPM at 1 year in the
absence of additional support such as telemonitoring, medication titration, or behavioral
therapy [37]. These trials support the use of HBPM with interventions to achieve BP targets.
Most trials excluded patients with a creatinine >2.0 mg/dl (177 mmol/1), except the study by
McManus et al. [34], which included 10% of the patients with CKD. Further studies are needed
in the CKD population.

Cost Benefit

Due to the heterogeneity of study outcomes and healthcare systems, there is insufficient
data to determine the cost-effectiveness of HBPM for both the diagnosis and management of
hypertension. In the HOMERUS trial, identification of white coat hypertension and reduced
medication costs amounted to a savings of USD 135 /person/year [33]. The benefits of HBPM
in hypertension management are sustained when combined with additional support such as
nursing or physician feedback. These costs will vary based on the method of intervention and
type of clinicians utilized. The validated device used in the majority of studies (Omron HBPM
7 series) was noted to cost USD 59/person/year. The price of approved devices ranges
between USD <50-100 and can be found at bloodpressureuk.org and bhsoc.org [38, 39]. In
contrast, the median price of an ABPM device is USD 1,600 [40]. An analysis of the Ohasama
study, a large Japanese trial of HBPM as a diagnostic and prognostic instrument showed that
this approach is cost-effective, butit did not assess HBPM as a management tool, and therefore
did not include costs of additional nurse or physician support [41]. In a simulation model
using the Framingham risk score, risk factor inputs from the Health Survey of England 2006,
and estimates of risk reduction with antihypertensive therapy from a meta-analysis of 147
trials, both HBPM and ABPM were cost-effective with ABPM being the most cost-effective
[40]. The majority of savings result from a reduction of therapy in patients with white coat
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hypertension as medications comprise the majority of costs for the long-term care of hyper-
tension [40, 42]. Though HBPM is a better predictor of CV risk and is an effective means of
achieving BP goals when combined with behavioral or medication interventions, long-term
studies are needed to determine whether this translates into improved CV outcomes and
increased quality-adjusted life years. Improved outcomes conceptually provide the basis for
the cost-effectiveness of HBPM as a management tool without relying on the savings from
medication discontinuation.

Reimbursement

Medicare does not currently reimburse HBPM. Thus, clinicians can use HBPM only for
patients who are able to purchase the monitor out of pocket. Since the purchase does not
require a prescription, the patient runs the risk of buying a device that has never been vali-
dated. Physicians also do not have the possibility to bill specifically for the time spent
instructing the patient on the proper technique or review patient data in the absence of an
office visit. Medicare reimburses for ABPM only if strict criteria are met: (1) OBPM >140/90
mm Hg, (2) at least two BP measurements taken outside the office <140/90 mm Hg, and (3)
no evidence of end-organ damage [43]. Charges allowed by Medicare to confirm the diagnosis
of white coat hypertension vary from USD 70-105, which includes interpretation by the
physician [42].

Implementation

The American Heart Association, American Society of Hypertension, and Preventive
Cardiovascular Nurses Association released guidelines on the use of HBPM in 2008. The
European Society of Hypertension released updated guidelines in 2010. Both recommend the
use of an oscillometric approved upper arm device, since finger and wrist devices are less
accurate and in general more dependent on the arm position [7]. An updated list of validated
devices are available via web link [38, 39, 44]. Prior to use, the patient should bring the
monitor to the clinic to check patient technique and monitor accuracy. The inflatable bladder
of the cuff should be at least 80% of the upper arm circumference. The patient should sit
comfortably for 5 min with his/her arm resting on a table prior to taking a measurement. The
cuff should be placed approximately 2-3 cm above the bend of the elbow at the level of the
heart. Results should be written down immediately if the device is not memory equipped [7].
Patients should perform two measurements in the morning and evening on 3-5 consecutive
days with the first day’s readings excluded due to disproportionately high values on day 1
[45]. Twelve values are sufficient to make clinical decisions [42].

Patients with arrhythmias such as atrial fibrillation should not use HBPM as results may
not be accurate. In addition, HBPM should be discouraged in patients with severe anxiety that
may worsen with the detection of high values. Though arterial stiffnessis increased in patients
with diabetes and CKD, the difference between oscillometric and mercury-based measure-
ments is small. The Omron M3 Intellisense monitor has been validated in CKD stages 3-5
(average GFR 31 ml/min/1.73 m?), and the Microlife 3AC1-1PC has been validated in hemo-
dialysis (HD) populations [46]. The IDHOCO includes data from five large population studies
of HBPM versus OBPM, and using these results will further elucidate the number and timing
of HBPM readings required for the prediction of CV risk [15].
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Dialysis and Transplant

HD patients have substantial swings in BP. BP measurements in the predialysis, postdi-
alysis, and intradialytic period may not correlate with standardized BP measurements used in
large randomized controlled trials (RCTs) from which BP goals are derived [47]. The timing of
the target BP measurement is a challenging clinical concern in this population [48]. The mixed
data regarding outcomes in achieving clinical practice guideline-recommended BP targets
may stem from the use of these suboptimal measurements to guide ultrafiltration and antihy-
pertensive therapy [49]. Data suggest that HBPM results may be a stronger predictor of CV
outcomes in the HD population [50]. As in the general population, HBPM correlates better with
ABPM. In a study of 140 hemodialysis patients, Agarwal et al. [51] found that HBPM (13-15
readings over 1 week) outperformed predialysis and postdialysis BP in predicting 44-hour
interdialytic ABPM. HBPM measurements were more reproducible and had a decreased lag
time in BP response to probing dry weight based on clinical signs and symptoms [51]. In
addition, an RCT of 17 HD patients found that HBPM with nursing intervention resulted in
significantly lower average weekly BP compared to usual care [52]. HBPM has not been exten-
sively studied in the peritoneal dialysis population. A study of 32 peritoneal dialysis patients
demonstrated that HBPM correlated with ABPM but was not superior to OBPM [53].

In the kidney transplant population, approximately 60-80% of the patients are hyper-
tensive, and many immunosuppressive agents elevate BP [54]. Poor control not only has
detrimental CV effects for the recipient but also is an independent risk factor for graft failure
[55]. Agena et al. [56] found that HBPM correlated better with ABPM than with OBPM in
kidney recipients between 1 and 10 years after transplantation. More study is needed to
determine the prognostic value of HBPM in graft failure, CV outcomes, and its utility in the
management of hypertension in this population.

Clinical Trial Design

The superiority of HBPM over OBPM in predicting CV outcomes allows for further study
of controversial topics in hypertension management including the optimal level of dietary
sodium restriction, chronotherapy, and stenting for atherosclerotic renal artery stenosis.
Asayama et al. [57] completed a 5-year study of CV outcomes of tight versus usual BP control
guided by HBPM. Patients were included if they fell within a prespecified BP range by HBPM
during a 2-week run-in period off therapy. A memory-equipped device was employed, and
patients took measurements once per day within 1 h of awakening. Drug therapy was based
on the average of morning readings over the 5 days immediately preceding the doctor’s visit.
The study dropout rate was 35% over the 5 years, and the authors did not provide reasons
for discontinuation. There was also no information on the percentage of participants with
incomplete data. Nevertheless, this study supports the feasibility of long-term trials using
HBPM once daily [57]. HBPM was also practical in a study of elderly persons >70 years of age
with CKD who were asked to record two daily values for 7 days every 6 months. At a mean
follow-up time of 3 years, 79 of 104 participants had HBPM information available. Partici-
pants who started dialysis, died within 1 year or had inadequate HBPM data, comprised the
25 participantswho were excluded from the analysis. The authors did not provide abreakdown
of the number of patients who met exclusionary criteria [58]. The ideal number of BP readings
to assess a clinically significant BP response in trials remains to be defined. In the Ohasama
study, the accuracy of HBPM improved with the increasing number of measurements [59]. A
memory-equipped device was employed in both studies and is essential to ensure data
integrity.
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Therapeutic Inertia

One of the benefits of HBPM is that it may help overcome therapeutic inertia, since the
practitioner has more information available to make clinical decisions. However, this relies
on the active engagement of the healthcare team that may include nurses, pharmacists, and
physicians. Though adherence may improve with HPBM alone, additional support such as
telemonitoring results in sustained benefit.

Conclusion

HBPM is a simple, inexpensive tool that correlates better with ABPM, the gold standard,
than OBPM. It is useful in diagnosing white coat hypertension and masked hypertension and
adds prognostic value in predicting the progression of CKD to end-stage renal disease. It is a
promising therapeutic tool in the titration of antihypertensives and has demonstrated supe-
riority to OBPM in controlling BP when combined with supportive measures. Validated,
memory-equipped devices are widely available and can be programmed to provide nocturnal
readings. Long-term US studies are needed to determine the cost-effectiveness within our
unique healthcare system.
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