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The present document has been developed by the ESH Working Group on Blood Pressure Monitoring and CardioVascular Variability, with input from an international team of experts, and has been endorsed by the ESH.
As acknowledged in several hypertension clinical practice guidelines, including the 2017 American College of Cardiology  (ACC)/American Heart Association (AHA) (1) and the 2018 European Society of Cardiology (ESC)/European Society of Hypertension (ESH) guidelines, (2), management of hypertension is sub-optimal when based only on office or clinic blood pressure (BP) measurements. This has stimulated the introduction of out-of-office blood pressure monitoring methods, including ambulatory (ABPM) and home BP monitoring (HBPM), which have been increasingly used in clinical practice over the last decades, with a favourable impact on hypertension diagnosis and BP control.
Adoption of  HBPM, in particular, has had an exponential growth, favoured by technological progress which has led to the availability of small, accurate, user-friendly and relatively inexpensive BP monitoring devices. Such an important growth has highlighted the need to provide instructions to both patients and doctors for an optimal application of self-BP monitoring at home in daily practice and in clinical research.
The current update has taken into account new evidence in this field, including a recent statement by the AHA (3), as well as technological developments which have occurred over the past decade.
Hypertension guidelines have to deal with a large number of complex issues and their scope is to provide recommendations on all or most diagnostic and treatment aspects of a chronic BP elevation. This broad scope limits the space for a detailed discussion and specific recommendations on practical aspects of BP measurement, despite their crucial role for hypertension diagnosis, estimation of cardiovascular risk and evaluation of the effects of treatment. This has been the case for HBPM as well, which is recommended in recent hypertension guidelines but without detailed instructions on its practical application. These instructions are provided in the present manuscript, together with an update on the emerging technologies in this field in order to provide healthcare professionals with guidance that details the appropriate use of contemporary HBPM in clinical practice and research (2), (1), (4), (5), (6), (7), (8), (9), (3).

S.6.1-Reproducibility of HBPM
Chatellier et al examined the SD of the differences between two HBPM sessions derived from increasing numbers of triplicate morning and evening BP measurements over two 10-day intervals in 79 untreated individuals (10) and showed that 80% of the maximal reproducibility (reduction in SD of differences) was obtained by averaging 15 measurements over the initial 5 days. (10) In another study from the same group, 1,710 hypertensive patients measured their BP three times in the morning and evening over 4 days and discarded the first day. (11) The study showed that by increasing the number of measurements from 1 to 18, the SD of SBP/DBP was reduced by 17%/23%. (11) Regarding the long-term reproducibility over a 1-year period, a study in 136 untreated subjects showed HBPM (3 or more days) to be superior to office BP measurement. (12)
The reproducibility of home pulse pressure was investigated using the SD of differences between measurements in 393 hypertensive subjects who had repeated office, home and ambulatory BP measurements. (13) The SD of differences between repeated measurements was 5.2 mmHg for home pulse pressure (2 days) compared to about 10 mmHg for single-visit office and 4 mmHg for 24-hour ambulatory pulse pressure. (13)
The reproducibility of morning versus evening home BP measurements has also been investigated. A study showed no differences in the clinical evaluation made using any set of morning home BP measurements over a short period (7 days), yet with superior reproducibility than evening measurements. (14) Another study showed morning home BP to have superior reproducibility and closer association with vascular indices than ambulatory BP. (15)  The reproducibilty of Home BP tended to be superior (and not similar) to ABPM as indicated by test-re-test correlations in the study by Stergiou et al (16) (n=133): Home BP =0,91/0,86, Office BP=0,77/0,76,  ABPM =0,80/0,84.  SD of mean differences : Office BP =11.0/6.6, day-time-ABP =10.0/6.6, Home BP =6.9/4.7.  In the study by Uen et al in 2009 (n=97) these results were confirmed, with  SD and 95% CI for systolic Home BP = 3,81 (3,34-4,44), for ABP =7,83 (6,9-9,17) and for Office BP =8,1 (7,1-9,43). (17) 
The 2003 and the 2012 Japanese Society of Hypertension Guidelines for Self-Monitoring of Blood Pressure at Home, (18), (19) were the first guidelines for home BP monitoring emphasizing the first priority of home BP in the diagnosis and management of hypertension. A recent Expert panel consensus recommendations for home blood pressure monitoring in Asia has been issued by the Hope Asia Network.  (20)
The reproducibility of  hypertension diagnosis is also better with HBPM than with OBP measurements. In a study on untreated individuals the agreement rate for the diagnosis of masked hypertension over a 1-week period appeared to be higher for HBPM (82%) than 24-hour (68%) or awake ambulatory BP (71%). (21) In another study,  OBP measurements over 7 visits and HBPM over 1 week exhibited a similar low persistence of white-coat and masked hypertension diagnoses over 1 year. (22), (23) In a Japanese study in 503 untreated subjects, the reproducibility of masked hypertension diagnosis over a 6-month period was superior when evaluated by morning than evening home BP (24).
On such a background the 2014 Guidelines of the Japanese Society of Hypertension recommended for the first time that "when there is a discrepancy of diagnosis between OBP and HBP, a HBP-based diagnosis should have priority" (25) . This recommendation is taking over in the latest 2019 version of these guidelines (26). 

S6.2- Diagnostic ability
S6.2.1-Diagnostic accuracy and Identification of MH and WCH
Current guidelines for hypertension management around the world have attributed an important role to ABPM and HBPM for an accurate diagnosis and management of hypertension (2), (1), (4), (5), (6). 
The 2019 UK NICE guidelines recommend ABPM as the most cost-effective strategy for confirming the diagnosis of hypertension, with HBPM used when ABPM is unsuitable or intolerable (4), (5).  The 2017 ACC/AHA guidelines give a primary role to HBPM, particularly in treated adults with hypertension because of its greater practicability, much wider availability in primary care settings, and its better acceptance by users for long-term application (1). The 2018 ESC/ESH guidelines recommend out-of-office BP monitoring, or when this is not feasible, repeated OBP measurements at several visits, to confirm the diagnosis of hypertension. The guidelines present a list of advantages, limitations and clinical indications of either HBPM and ABPM, and consider them complementary rather than alternative methods (2), (7), (8).
Systematic reviews of studies assessing the diagnostic accuracy of HBPM have typically taken ABPM as reference method and have reported moderate diagnostic agreement between ABPM and HBPM (kappa 0.40-0.60), with higher specificity and negative predictive value (70-90%) and lower sensitivity and positive predictive value (60-80%) of HBPM in most studies  (27), (28). 
Meta-analysis of 3 studies comparing home with ambulatory monitoring showed sensitivity 86% and specificity 62% of HBPM for hypertension diagnosis. (29) The diagnostic performance of HBPM appeared to be similar for different hypertension phenotypes and in untreated and treated individuals assessed in these studies. (6), (27), (28) Moreover, there was a clear superiority of HBPM compared to office measurements in diagnosing uncontrolled hypertension and assessing the effects antihypertensive treatment. (27)
The China Ambulatory and Home BP Registry (N=1,774) showed HBPM to have high specificity, but low sensitivity in diagnosing white-coat and masked hypertension, implying that HBPM and ABPM are not interchangeable but rather have a complementary role. (30), (31)  In the PAMELA (Pressione Arteriose Monitorate E Loro Associazioni) outcome study in 2,051 individuals in Italy the diagnostic disagreement between HBPM and ABPM was 22%. (32) In a cross-sectional analysis of a European dataset there was a diagnostic disagreement between HBPM and ABPM in 20% of 1,971 individuals, which was most likely due to methodological and patient-related factors. (33) However, when cases with clinically irrelevant HBP-ABP difference or with diagnostic uncertainty (BP difference ≤5 mmHg from threshold) were excluded, the ‘certain’ disagreement between the two methods was reduced to 8%. (33)
In a European dataset with 1,971 participants, among 445 individuals with masked hypertension 48% had masked hypertension with both methods, 30% had isolated ambulatory masked hypertension and 22% isolated home masked hypertension. (34) In another study in the USA in 333 community-dwelling untreated adults with clinic BP <140/90 mm Hg, 30% had masked hypertension with both methods, 61% isolated ambulatory and 9% isolated home masked hypertension. (35) In the latter study after multivariable adjustment and compared with participants without masked hypertension on ABPM and HBPM, those with dual or isolated ambulatory masked hypertension had higher left ventricular mass index, whereas those with isolated home masked hypertension did not have increased left ventricular mass index.(35)  Outcome studies have shown that individuals with masked or white-coat hypertension identified only by HBPM or only by ABPM have intermediate cardiovascular risk between those identified by both methods as normotensives and hypertensives respectively, which supports the complementary role of the two methods in defining prognosis. (36), (37) Mancia et al showed increasing outcome prediction ability by increasing the number of BP measurement methods from 1 to 3. (32)
Studies assessing morning BP showed similar results using either HBPM or ABPM. (38), (15)
A study in 1,049 untreated individuals showed morning home BP to be more reproducible and more closely associated with vascular indices than morning ambulatory BP. (15)
In a study in 333 Veterans with chronic kidney disease (CKD) the prevalence of MUCH using three definitions of out-of-office hypertension on the basis of either 24-hour ABPM ((i) daytime hypertension ≥135/85 mmHg, (ii) either nighttime hypertension ≥120/70 mmHg or daytime hypertension, and (iii) 24-hour hypertension ≥130/80 mmHg) or HBP monitoring (hypertension ≥135/85 mmHg), was 26.7% with daytime ABP, 32.8% with 24-hour ABP, 56.1% with daytime or nighttime ABP and 50.8% with HBP. (39) Prevalence of MUCH increased with increasing clinic systolic BP: 2% in 90-110 mmHg group, 17% in BP 110-119 mmHg group, 34% in 120-129 mmHg group, and 66% in 130-139 mmHg group. Clinic BP was a good determinant of MUCH (ROC AUC 0.815 (95% CI 0.758--0.872)).  In diagnosing MUCH, home BP was no different from ABP.  In veterans with chronic kidney disease (CKD) not on dialysis, the agreement in the diagnosis of MUCH by ABP tested 4 weeks apart was between 75% and 78% (kappa coefficient for agreement (0.441 to 0.509). In contrast, HBP showed an agreement of 63% and kappa coefficient of 0.249 (39) A study conducted in a large registry on elderly non-valvular AF patients, a High prevalence of masked uncontrolled morning hypertension was reported (40)

S6.3-Prognostic value of HBPM
S6.3.1-Hypertension mediated organ damage (HMOD) 
Cardiac damage 
In some studies comparing the correlation of HBPM and ABPM with cardiac damage, home BP showed closer association with LVMI than ambulatory BP. (41), (42) Also, electrocardiographically detected left ventricular hypertrophy (LVH) was reported to be associated with HBP and this association was stronger than with office BP. (43), (44), (45) Finally, in Finn-Home study the prevalence LVH detected by ECG was higher in subjects with masked hypertension detected with HBP than in normotensive participants. (46) Associations of HBP with other indices of cardiac HMOD were also reported including left atrial diameter (47) and volume. (42)
Few longitudinal studies on changes in LVM in relation with HBP are available. Tsunoda et al. reported LVMI increase in subjects with poor or worsened home systolic BP but no association with office BP changes. (43) Similarly, in the Study on Ambulatory Monitoring of Blood Pressure and Lisinopril Evaluation (SAMPLE) treatment-induced reductions in home BP correlated slightly better with treatment-induced changes in LVMI than reductions in office BP (but not as well as changes in ambulatory BP). (48) Interestingly, in the PAMELA study normotensive subjects with LVH at baseline had higher incidence of hypertension on HBP (and ABP) over follow-up, which casts some doubt on the cause-effect relationship between increased out-of-office BP and LVH. (49) In the latter two studies, however, HBP protocol involved few measurements and therefore their results should be interpreted with caution. In Finn-Home study, changes in HBP were correlated with changes in ECG parameters used to identify LVH and this correlation was closer than for office BP changes. (50)
Vascular Damage
In another study HBP was independently associated with cIMT also after adjusting for OBP level (51). Association of masked hypertension detected by HBP with the risk of carotid atherosclerosis was also reported in several studies. In the Hisayama study increased cIMT was associated with masked hypertension and similarly with white coat hypertension (52), while masked hypertension but not white coat hypertension was related to increased cIMT or the presence of plaques (53). Similar results were reported in the Finn-Home study. (46)
Meta-analysis of three studies did not find differences between HBP and OBP in terms of their association with carotid-femoral or aortic-popliteal pulse wave velocity (PWV) (54). In the Finn-Home study higher aortic PWV was observed in masked hypertension defined by HBP versus normotensives but not versus white coat hypertensive participants (46).  Finally, in a study of Matsui et al. (55) aortic PWV was higher in masked and masked uncontrolled hypertensives, while white coat hypertension was associated with increased aortic stiffness only in untreated participants. 
Kidney Damage
Regarding the association of HBP with glomerular filtration rate (GFR), the available data are very heterogeneous and comparisons of HBP and OBP are not available. In the Indianapolis study, GFR was no longer a determinant of BP once urine protein excretion was accounted for (56).
Associations of masked hypertension detected with HBP with kidney damage have been reported. In the previously mentioned Ohasama study incident albuminuria and chronic kidney disease (CKD) were associated with masked but not with white coat hypertension. Conversely, in the Hisayama study white coat hypertension was equally associated with UACR as masked hypertension and no differences between BP phenotypes were found for GFR (57). Masked uncontrolled hypertension is more strongly related to albuminuria compared with cardiovascular damage as assessed by left ventricular mass and PWV. A graded and an independent relationship of BP classification status with albuminuria was seen (58).

S6.3.2-Adverse health outcomes
Cardiovascular events 
It has been suggested that morning HBP might be prognostically superior to daily or evening values (59), (60), but most of this evidence is derived from Japanese studies. Because of substantial differences between BP phenotype in Japan and in other Countries/Regions, it is not clear if these findings can be extrapolated to other populations.
An added prognostic value of HBPM on top of that provided by OBPM is evident in studies on masked/masked uncontrolled hypertension (MH/MUCH) and white coat hypertension (WCH) detected with HBP. In the IDHOCO database MH was associated with adverse outcomes (fatal and nonfatal events) both in untreated and treated participants (HR 1.55; 95% CI [1.12-2.14] and 1.76; 95% CI [1.23-2.53], respectively), while WCH conveyed increase of risk in untreated subjects but not in those on antihypertensive treatment (1.42; 95% CI [1.06-1.91] and 1.16; 95% CI [0.79-1.72] (61) respectively. Similar results have been reported in recent meta-analyses (62) (63, 64). In the Japanese general practice population, masked hypertension defined by HBPM appeared to be associated with an increased risk for stroke events (65).
There is limited evidence regarding the HBP association with specific types of events but the available data suggest this association is strongest for stroke, while in case of coronary events it may be restricted to untreated individuals (66), (60), (65). 
There are limited data also on longitudinal outcomes relating HBP to kidney failure outcomes. In a study of US Veterans, 1 standard deviation increase in home systolic BP increased the risk of end-stage kidney disease (ESKD) by 1.74 (95% CI 1.04–2.93) when adjusted for standardized clinic systolic BP, proteinuria, estimated glomerular filtration rate, and other risk factors (67). This study found that among patients with CKD, BPs obtained at home are a stronger predictor of ESKD or death compared to BPs obtained in the clinic.
Evidence has been provided that nocturnal hypertension defined by home BP monitoring is a better predictor of cardiovascular events than that by ABPM. (68)

S6.4.1-Improving adherence to treatment
In a recent study, use of HBPM by patients was shown to be higher among those given a physician recommendation, emphasizing the role for physicians in counseling and partnering with patients on HBPM use for BP management  (69).
In any case, HBPM is recommended as a means to increase treatment adherence and persistence and to stimulate other lifestyle changes because of a deeper engagement with the patient leading to a better control of this risk factor. Its use might help in case of the so called “white coat compliance”, a condition where a given patient starts taking the prescribed pills only when the time of a scheduled clinic visit is approaching, and stop doing so right after it (70).

S7.1.1-Types of cuff-based devices for HBPM  
HBPM devices are either manual, semi-automated, or automated. Semiautomated devices are characterized by manual cuff inflation and automatic deflation; automated devices are characterized by automatic cuff inflation and deflation.  The accuracy of oscillometric devices usually remains stable over time and, therefore, they do not require frequent calibration.   Among the validated HBPM devices, there are now several options to consider.
· The simplest devices require the user to press a button to initiate a reading, which is then displayed after the reading is taken.
· Some devices can be programmed to take 2 or 3 readings with the option of specifying the interval between readings (eg, 1 or 2 minutes).
· Devices whose readings can be automatically stored and averaged, in case of a single  user or with a function to store separately users’ readings (with the dates/times they were taken), displayed on the device screen, printed, or transmitted to cloud or the healthcare provider, should be preferred (www.stridebp.org/bp-monitors).
· Some devices can specifically detect atrial fibrillation (AF) with high diagnostic accuracy, although there are no consistently accurate devices for AF and other arrhythmias.
· A few devices allow automated prescheduled nighttime BP monitoring (nocturnal mode)
· Monitors that are more than 4 years old are less likely to remain accurate. (71) 
Devices for nocturnal HBPM
Studies have been specifically conducted in order to compare a supine algorithm-equipped wrist nocturnal home blood pressure monitoring device   with an upper arm device.  (72)

S7.2-Cuffless devices
In recent years, several prototypes of cuffless devices have been proposed, based on a variety of different methods for BP estimate. (73), (74), (75), (76), (77), (78), (79), (80), (81), (82), (83), (84), (85) At present, however, convincing evidence is still missing to support their use in clinical practice. 
Different methods for cuffless BP measurement have been developed, including tonometry, pulse wave velocity, pulse transit time, pulse wave analysis and plethysmography. The latter approach measures volume changes that are transformed into changes of pressure with calculation of systolic and diastolic BP and pulse rate values according to specific algorithms. Accuracy of most plethysmography-based cuffless devices for BP measurements which might be used for HBPM remains controversial. In fact, to our knowledge, none of these very popular devices (watches, bracelets, smartphone Apps) satisfy regulatory requirements or has been validated according to currently established protocols. Moreover, some of these devices require initial calibration with a reference method, and there are pending issues regarding long-term persistence of their calibration, especially under varying behavioural conditions.
 Therefore, despite their large distribution mainly as multiple parameters monitoring bracelets or watches, the use of these devices is not presently recommended for HBPM as their accuracy and reliability remains highly questionable. Principles of tonometry for measuring radial BP and performing pulse wave analysis using a transfer function has been reported and described in detail previously elsewhere. (86), (87), (88), (89) Briefly, tonometry means “measurement of pressure” whereas applanation means “to flatten” the arterial wall. Applanation tonometry is performed by placing one or several tonometers (strain gauge pressure sensor) over the radial artery and by applying soft pressure to obtain an assumed flattened arterial wall. This method was designed for clinical use by researchers particularly to measure the radial BP and calculate aortic (central) BP by performing the pulse wave analysis and using algorithms such as a transfer function. (86), (87), (88), (89) Considering the importance of aortic BP, manufacturers have tried to extrapolate the use of this technique for HBPM, but this approach is still under development and at this time remains reserved for research. 
Several other techniques to measure BP have been proposed for HBPM such as deriving a BP estimate from pulse transit time assessment. This technique is based on the assessment of pulse wave velocity and on use of its reciprocal variable, the pulse transit time, to calculate beat-by-beat BP values through a dedicated algorithm, following an initial calibration through a conventional arm cuff inflation-based measurement. Preliminary validation studies of this approach suggest short term accuracy, up to 30 min after calibration (90), while long term validation data are missing or yet unsatisfactory, in particular for BP monitoring during night sleep. Lastly, it is worth mentioning smartphone apps which use the light absorption changes from a finger to estimate changes in blood volume and to calculate finger BP values by considering the relationships between changes of blood volume and the corresponding changes in BP. None of these techniques can be currently recommended as a reliable method for performing HBPM.

S7.3.2-New approaches to HBPM telemonitoring. Mobile Health: current evidence, future perspectives
Despite the promising results and future perspectives of mHealth related interventions there are still some issues in digital Health that should be addressed. 
-Due to the fast-paced growth of this field and the absence of clear and strong regulations, in 2015 the US Food & Drug Administration (FDA) released guidance recommendations for the developers and distributors of health-related apps, to establish specific requirements 
(http://www.fda.gov/downloads/medicaldevices/deviceregulationandguidance/guidancedocuments/ ucm263366.pdf) but worldwide regulations are still insufficient.  
-Accuracy of the scientific content of the services is another crucial topic. All devices and applications must have a proper scientific validation. Smartphone applications frequently provide additional features, like educational sections for patients, or decisional tools for physicians, which also need validation. 
-Even more advanced eHealth systems for HBPT still depend on traditional BP measurement with a cuff, as cuffless devices are not yet accurate enough for a real daily employment in clinical practice. 
Therefore, reliable performance of the m-health based strategies requires attention to a number of methodological issues, the most important still being the use of validated BP measuring devices. There is a strong need for adequately powered randomized controlled trials, to address the efficacy, feasibility and cost-effectiveness of these new strategies, especially in the field of mHealth, with a close collaboration between industry and academic institutes, aimed at developing better devices and useful tools for physicians and patients. 
Evidence from a recent clinical trial in individuals with uncontrolled hypertension, showed that those randomized to a smartphone coaching app (i.e. to promote home monitoring and behavioral changes associated with hypertension self-management) plus home monitor had similar systolic BP compared with those who received a BP tracking app plus home monitor (91).
Although available studies suggest a beneficial effect on BP control by these novel HBPT technologies, the high heterogeneity of proposed interventions and the lack of standardization of available trials are a strong limitation to the formulation of recommendations based on solid evidence.  
S8.1-Optimal monitoring schedule
By averaging more HBP readings, the average HBP value and its variability are both reduced, with most of this decline occurring over the initial 6–15 measurements over the first 3 monitoring days (92), (28), (10), (11) (93), (16), (94), (95), (96). The Finn-Home study showed: that (i) there is no significant effect of discarding the first day of a 7-day schedule, (ii) morning and evening BP have similar predictive ability, and (iii) duplicate compared to single HBP measurements on each measurement occasion have a small benefit in predictive value (97).  A recent systematic review showed that increasing the number of HBPM days improves its prognostic ability (72%-91% of the theoretical maximum predictive value reached by 3 days and 86%-96% by 7 days) (98). However, there was no convincing evidence that the timing or number of readings per day, or discarding the first day influenced these findings (98).
A study in 56 patients showed that with 1-min intervals between HBP readings the agreement with daytime ABPM was closer than with 10-s interval (99)
S8.3  Therapeutic targets and treatment titration
Therapeutic targets
The 2008 ESH guidelines on HBP, while acknowledging the lack of direct evidence, concluded that the target HBP for therapy should logically be below the threshold used to diagnose hypertension, that is less than 135/85 mmHg for systolic/diastolic HBP. At that time a few studies focusing on HBP targets were available, namely THOP and HOMERUS but they did not address the HBP targets effect on outcomes, applied the same BP targets for OBP and HBP and had several further methodological problems (100), (101), (102). 
A randomized study in hypertensive patients regarding the strategy for treatment initiation and titration using either HBP alone, or OBP and ABP, found no difference in terms of organ damage regression after 1 year (103).
Although no evidence from interventional studies is available to identify HBP targets in the elderly, the results of the observational IDHOCO study indicated that in octogenarians taking antihypertensive medication the lowest risk was associated with systolic HBP of 148.6 mmHg, whereas diastolic BP values ≥82 mmHg minimized risk (diastolic BP ≤65.1 mm Hg entailed increased cardiovascular risk) (104). 
Treatment Titration
Treatment titration and long term follow up is the most important domain of home BP.
[bookmark: _Hlk72088447]The TASMINH4 study aimed to assess both the longer term (12 month) effect of titration using HBPM and the influence of telemonitoring over and above HBPM with simple paper-based feedback on hypertension control. Overall, 1182 hypertensive patients aged over 35 with uncontrolled BP were randomised to one of three groups: either hypertension management based on clinic readings or HBPM (using paper charts to record BP with monthly posting of results to the GP or HBPM with a simple text-based telemonitoring system). After 12 months, both HBPM groups had significantly lower systolic BP than those titrated based on clinic readings and the telemonitoring group also had lower BP at 6 months suggesting quicker titration with telemonitoring. (105) (106).  TASMINH4 thus showed (unlike THOP and HOMERUS) that BP control was better with self-monitoring (105).
Taken together, these data suggest that physicians using HBPM to titrate antihypertensive medication can achieve better hypertension control than when only OBP is used. The key factor for success seems to be a target of <135/85 mmHg for home readings and using self-BP monitoring on a regular basis in a structured way. If a telemonitoring system is used it should be simple, with feedback to both professionals and patients. Patients should be given a choice regarding the use of telemonitoring, however.
Another approach tested even before the first studies on professional titration using self-monitored BP was the one based on Patient Self-Monitoring with Self-Titration.
After the first studies showing promising results (107), 10 years later the TASMINH2 trial confirmed that patients randomised to HBPM with self-titration and followed-up for a year exhibited 5.4/2.7 mmHg lower BP compared to controls (108).
 Indication in this regard provided by Different Guidelines are shown in table S2.  A flow chart with indications on use of HBPM and ABPM in Hypertension Management and Treatment Titration is provided in Figure S1
S8.4-HOME vs. ABPM
As already mentioned, in spite of the routine use of OBP measurement as a cornerstone in hypertension management,  OBP represents only a screening technique, with out-of-office measurements being required in most cases before diagnostic or therapeutic decisions are made (109), (110), (111), (112), (113), (114), (115), (1). The rationale for this recommendation is based on the fact that OBP monitoring is subject to major limitations that make it unrepresentative of the true BP. This is because 1) not many readings are obtained and 2) the doctor’s office is an artificial environment that lacks ecological validity. Moreover, OBP measurements alone cannot identify clinically relevant conditions such as white-coat hypertension (misleadingly high office measurements vs normal out-of-OBP) and masked hypertension (misleadingly low office readings vs elevated out-of-OBP) (116), (117),(111), (118).
HBPM vs ABPM: Clinical Relevance 
· White Coat and masked hypertension: These patterns can be diagnosed using either ABPM or HBPM, but the prevalence of these conditions can be different when estimated with one or the other method. In a direct comparison of these two methods, only half of the patients were defined as having masked hypertension on the basis of both ABPM and HBPM, whereas in the remaining ones, the diagnosis was made by one method but not by the other (119), (120). A relatively low (75%) agreement between ABPM and HBPM has been reported in the evaluation of poorly controlled hypertension, HBPM classifying a lower proportion of patients as having masked hypertension than ABPM (121)
· Correlation with hypertension mediated organ damage (HMOD).  Out of office BP measurements better correlate with HMOD than OBP.  Direct comparisons of ABPM and HBPM did not identify significant differences in terms of correlation with left ventricular mass index or microalbuminuria, both being better than OBP (120), (121), (122), (123), (124)
· Assessment of Treatment effects. HBP monitoring alone is as reliable as combined clinic and ABP measurements in monitoring the effects of antihypertensive drug treatment on BP and preclinical target organ damage (103)
· Mortality prediction. The predictive value of selective and combined elevation in OBP, ABP and HBP for mortality was assessed in the PAMELA study: a selective elevation in HBP vs. ABP values or vice versa carried an increased risk. The overall ability to predict death, however, was not greater for HBP and ABP than for OBP. (125) ABP has similar or higher prognostic value than HBP, in particular when considering the prognostic value of nocturnal ABP (112), (126), (61) 
·  Assessment of BP variability. ABPM offers information on day-night and short term BP variations, while HBPM allows the assessment of day by day BP variability, which may contribute to outcome prediction. (127)
S9.5-Patients with Chronic Kidney Disease (Box 24)
In patients on haemodialysis, HBPM should be used to assess BP in the interdialytic period (128), (129), (130). Home BP relates to target organ damage (131), (132) and in one clinical trial to better interdialytic ABP control (133). Monitoring BP at home thus carries the potential to offer information useful to optimize management of volume and BP in patients on dialysis.
In such patients, it is recommended that HBP is measured twice daily, at bedtime and on waking, after the midweek dialysis for 4 days (134). This will allow sampling of a wide range of BP values which show satisfactory agreement with interdialytic 44-h ambulatory BP monitoring  (135), (136). 
In part due to volume accumulation, the mean change in systolic HBP in the interdialytic period is approximately 4 mmHg systolic/10 hours and this plateaus after the second interdialytic day (137). The diastolic BP does not increase as much; therefore the pulse pressure amplifies.  Because of the marked BP fluctuations during dialysis, the peridialytic measurements are poorly reflective of the interdialytic BP behavior (138) and of the overall cardiovascular disease burden (138). 
It is important to consider that patients on hemodialysis are never in steady state, and that BP increases progressively between 2 dialysis days.  Patients treated with peritoneal dialysis should be monitored as other non-dialysis CKD patients, and this applies also to transplant patients.
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In a substudy of the J-HOP comparing the prognostic value of nocturnal hypertension detected by HBPM versus ABPM, it was shown that the former was associated with increased risk of future cardiovascular events independent of office SBP, an association which was not found for nocturnal hypertension defined by ABPM (68).
Moreover, data from the J-HOP Nocturnal Blood Pressure Study, showed that masked nocturnal  hypertension and sustained hypertension defined on the basis of nocturnal HBP, were associated with increased risk of CVD events (139).
S12-Home blood pressure variability
Regarding the optimal methodology of HBPV assessment two principal elements should be considered: 1) how HBP data are collected; 2) what estimates of HBPV should be considered.
Regarding the former, it should be acknowledged that most studies which reported on HBPV were designed to assess average HBP values. In Finn-Home Study HBPV was able to predict outcome when data from at least 3 days were used, with some minor improvement in predictive power when the monitoring was extended to 7 days. (140) Thus, the general standards for HBP monitoring methodology (including the choice of device and cuff, measurement conditions and schedule) should reasonably apply also to HBPV assessment. 
As far as HBPV estimates are considered, they include measures of dispersion (Standard Deviation, SD; Coefficient of variation, CV; Variability Independent of the Mean, VIM), sequence-based measures (Average Real Variability, ARV; Interval Weighted SD, iwSD), and measures of instability (Range [Maximum-minimum BP], Peak size [Maximum BP], Trough size [Mean-minimum BP]). At the moment there is no clear evidence on the superiority of any of these indices when focusing on HBPV and its clinical value. Since HBPV is strongly related to average HBP values, which represent a potential confounder, measures of HBPV should be adjusted for average HBP in statistical analysis or normalized by calculating indices either independent from mean BP (e.g. “variation independent of mean”, VIM) or accounting for mean BP level (e.g. coefficient of variation, CV = SD*100/Mean BP). 
At the moment there is no clear evidence that any treatment modality may be superior in reducing HBPV. In some small studies a reduction in HBPV was associated with the use of long-acting calcium antagonists (141), (142), (143)  but these findings were not confirmed in the large HOMED-BP trial (144).
S13.1 Barriers to clinical use of HBPM
 Diffusion of HBPM in developing countries may be severely limited by income levels of the population well below what occurs in more developed areas of the world. The high levels of poverty of a large part of the population in low-income countries does prevent mass dissemination of HBPM, since most of its inhabitants do not have the possibility of purchasing high quality and validated devices. Moreover, the low cultural level of a large part of the population does not guarantee that HBPM devices will be used in an appropriate manner as indicated by guidelines, and require a very important teaching effort by health care personnel.  Even in low income countries patients who are able to pay for a healthcare service (the minority) may access ABPM and HBPM devices, their clinical implementation being managed in private centers, according to indications provided by Hypertension Guidelines. However, the majority of patients from low income countries are assisted in public hospitals or public health centers, free of charge or with a low contribution to health care costs. In these conditions the problem of devices availability has to be faced. In the case of ABPM,  with availability of a moderate number of devices it might be possible to provide service to a significant percentage of hypertensive patients, with an effective organization of the clinic appointments, given that the ABPM device turnover is slightly longer than 24 hours. Thus implementation of 24h ABPM, in spite of the higher cost of each device, could be possible also in low resource settings, but only in presence fo an effective health cre organization    on the contrary, although the equipment has a much higher cost, is in the hands of these centers, public or private, to install it to the patients for only one day, placing and withdrawing equipment, as well as analyzing the results, but with an important effort on the part of health personnel. Conversely, to achieve a generalized use of HBPM in low-resource settings, hypertension centers should have an enormous amount of devices available, to cover the clinical requirements of a large segment of the hypertensive population.
This being the current situation, dissemination of HBPM equipment among the hypertensive population is in the hands of public care centers, which should try to provide them to individual patients for the time interval recommended by guidelines (5-7 days before each visit).  In conclusion, in low-income countries, the decision to use ABPM or HBPM would obviously be related to what is stated in the guidelines, but the availability, capacity and cultural level of patients must be taken into account in order to achieve an adequate blood pressure control. So, in developing countries the population would rather benefit from a simplification and reduction of the costs of the ABPM equipment to reach a wider and adequate control of hypertension.

S14-Home Blood Pressure Monitoring in Clinical Research
Average  HBPM data, in particular, have been found to be more reproducible than OBP and even ABPM data in clinical trials, with a resulting reduction in the calculated sample size required for a comparative trial of the efficacy of antihypertensive drugs (16)
General advantages of HBPM for clinical research include the following:  availability of multiple readings in the individual’s usual environment, obtained over several days, weeks, or even months. HBP values have a superior reproducibility and diagnostic accuracy compared to conventional OBP measurements, and show better correlation with early HMOD and cardiovascular events risk than OBP and similar to ABPM.  HBPM is also more acceptable to patients than ABPM, and improves patients’ compliance with drug treatment. In patients on long-term dialysis, peridialysis BP measurements are unreliable but HBPM is an attractive alternative to ABPM (145), (146).
HBPM may help improve study power and reduce sample size, through a more accurate classification of the true baseline BP and drug treatment-induced BP changes, because of superior reproducibility of average BP values and absence of the placebo effect, of regression dilution bias (regression to the mean), and of observer bias (when electronic devices with automated memory are used), which typically affect clinical trials when OBP is employed (147).
HBPM can be useful for chronotherapy studies as it allows exploring the optimal time of drug administration in relation to BP levels, organ damage and adverse effects.
Also in a research setting the same methodological recommendations provided for clinical use of HBPM do apply, because optimal application of HBPM in clinical trials is of paramount importance for gathering reliable results. (16)
Table S 1. Prospective Studies of Home BP Monitoring and Cardiovascular Events. From Kario et al. (148) by permission
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