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Abstract

The authors developed and validated a diagnostic algorithm using the optimal upper

and lower cut-off values of office and homeBP atwhich ambulatory BPmeasurements

need to be applied. Patients presenting with high BP (≥140/90 mm Hg) at the out-

patient clinic were referred to measure office, home, and ambulatory BP. Office and

home BP were divided into hypertension, intermediate (requiring diagnosis using

ambulatory BP), and normotension zones. The upper and lower BP cut-off levels of

intermediate zone were determined corresponding to a level of 95% specificity and

95% sensitivity for detecting daytime ambulatory hypertension by using the receiver

operator characteristic curve. A diagnostic algorithm using three methods, OBP-ABP:

office BP measurement and subsequent ambulatory BP measurements if office BP is

intermediate zone; OBP-HBP-ABP: office BP, subsequent home BP measurement if

office BP is within intermediate zone and subsequent ambulatory BP measurement

if home BP is within intermediate zone; and HBP-ABP: home BP measurement and

subsequent ambulatory BP measurements if home BP is within intermediate zone,

were developed and validated. In the development population (n = 256), the devel-

oped algorithm yielded better diagnostic accuracies than 75.8% (95%CI 70.1–80.9)

for office BP alone and 76.2% (95%CI 70.5–81.3) for home BP alone as follows:

96.5% (95%CI: 93.4–98.4) for OBP-ABP, 93.4% (95%CI: 89.6–96.1) for OBP-HBP-

ABP, and 94.9% (95%CI: 91.5–97.3%) for HBP-ABP. In the validation population

(n = 399), the developed algorithm showed similarly improved diagnostic accuracy.

The developed algorithm applying ambulatory BP measurement to the intermediate

zone of office and home BP improves the diagnostic accuracy for hypertension.
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1 INTRODUCTION

Compared to office blood pressure (BP), out-of-office BP has demon-

strated better predictive power for hypertension-mediated organ

damage and cardiovascular events.1–4 Additionally, diagnosis and

treatment of hypertension solely using office BP measurements pos-

sess an inherent risk of over-treatment of white-coat hypertension or

under-treatment ofmaskedhypertension. Therefore, recent guidelines

recommend greater application of out-of-office BP measurements in

the diagnosis and treatment of hypertension, particularly when white-

coat or masked hypertension is suspected.5,6

Ambulatory BP measurement is preferred to home BP measure-

ment because ambulatory BP provides better cardiovascular risk pre-

diction than home BP.3,7 However, ambulatory BPmeasurement is not

conducted for all patients because of high cost and inconvenience.

Alternatively, homeBP could be easilymeasured; however, ambulatory

and home BPmeasurement methods are not interchangeable because

there is a diagnostic disagreement between these two methods.8–11 It

is impractical to measure ambulatory or home BP in all patients, and

it is not easy to determine which method could be most appropriately

applied for themost suitable patients.

Several algorithms for the diagnosis of hypertension using ambu-

latory and home BP measurements have been proposed.12–17 How-

ever, most studies focused on diagnosing white-coat hypertension, not

on masked hypertension, and did not apply all available office, home,

and ambulatory BP measurement methods. Moreover, existing guide-

lines do not clearly indicate the patients most suitable for ambulatory

and home BP measurement for diagnosing hypertension,5,6 and both

are overused.17,18 Although stage 1 hypertension and high normal BP

were suggested as conditions in which out-of-office BPmeasurements

are required,5,6 the upper and lower BP thresholds, which necessitate

out-of-office BP measurement to distinguish white-coat and masked

hypertension fromsustainedhypertensionandnormotension, havenot

been adequately investigated. Therefore, practitioners are easily con-

fused in determining patients where ambulatory and home BP mea-

surements are appropriate.

In this study, we developed and validated a diagnostic algorithm by

determining the optimal upper and lower cut-off BP levels at which

ambulatory or home BPmeasurement need to be applied.

2 METHODS

2.1 Study population

Thediagnostic algorithmwas developedusing data from the study con-

ducted between March 2012 and September 2013,8,19 and validated

with data of the study conducted between January 2015 and Decem-

ber 2019 (ClinicalTrials.gov identifier: NCT03855605).11 The study of

thedevelopment populationwas conducted at four clinical trial centers

in Korea (Dongguk University Ilsan Hospital, Inje University Ilsan Paik

Hospital, Myongji Hospital, and Seoul Medical Center), and the study

of the validation populationwas conducted at a single center (Dongguk

University Ilsan Hospital).

The inclusion criteria were the same for the two studies. Individuals

who had high office BP (≥140/90mmHg) at the outpatient clinic, were

not being managed on antihypertensive drugs, needed a diagnosis of

hypertension, and were aged ≥ 20 years were prospectively enrolled

in the studies. Individuals with secondary hypertension; hypertensive

emergency or urgency; heart failure (NewYorkHeart Association class

III and IV); clinically significant cardiac arrhythmia; impaired renal func-

tion (serum creatinine ≥ 1.7 mg/dl); pregnancy; participating in night

labor or shift work; history of drug or alcohol abuse within 6 months;

current participation in other clinical studies; taking other clinical trial

drugswithin the pastmonth; and taking drugs known to affect BP, such

as steroids, monoamine oxidase inhibitors, oral contraceptives, or sym-

pathomimetics, were excluded. The study protocols and informed con-

sent were reviewed and approved by the Institutional Review Board of

participating hospitals. All participants providedwritten informed con-

sent before entry into the study.

2.2 Measurements for office, home, and
ambulatory BP

BP measurement schedule (Figure S1 in the supplementary material)

was also described elsewhere,8,11,19 and it did not differ significantly

between the studies.

Office BP was measured by the study nurses on the first visit day,

second visit day after completion of the home BP measurement, and

on the third visit day after the completion of 24-h ambulatory BP

measurement. Office BP was measured with validated oscillometric

devices (WatchBP Home; Microlife, Taiwan for development popula-

tion and WatchBP Office; Microlife, Taiwan for validation population).

Participants were asked to avoid smoking, caffeine-containing bever-

ages, and exercise within 30 min preceding the measurements. Three

readings of office BP after 5 min of seated rest in a quiet room and at

1-min intervals were obtained at each visit using an appropriate cuff

size. In the development study population, the office BP were mea-

sured trice from both arms on the first visit, and the arm with higher

BP was determined and designated as the index arm. During the sec-

ond and third visits, office BPwasmeasured from the index arm. In the

validation population, office BP was measured from both arms simul-

taneously three times during every three visits. The BPs of both arms

were averaged, and the BP of the armwith the higher averaged BPwas

used as the office BP of the index arm.

Home BP was measured with validated oscillometric device

(WatchBP Home; Microlife, Taiwan) in both studies. Participants were

instructed to take triplicate measurements at 1 min intervals every

morning (between 07:00 h or waking and 09:00 h) and every evening

(between 21:00 h and 23:00 h or before bedtime) for seven consecu-

tive days. In the validation study, home BP measurements for 9 days

were allowed if the participants desired. Participants were instructed

to measure BP in the morning after micturition or defecation, and
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before showering and breakfast. On the last day of home BPmeasure-

ment, participants measured the last morning home BP and visited the

clinical trial centers (second visit). Based on our previous findings, a

valid measurement of home BPwas defined as at least 5 days of morn-

ing and evening duplicatemeasurements.19 The homeBPmeasured on

the evening of the first day and on the morning of the second day were

discarded, and the first and second readings of each sessionwere aver-

aged (the third reading was discarded).19

At the second visit, ambulatory BP monitoring over 25 h was per-

formed on the non-dominant arm using an automated, noninvasive

oscillometric device (Mobil-O-Graph, I.E.M GmbH, Germany), with a

measurement interval of 30 min. Participants were instructed to con-

tinue normal daily activities during the day. A valid measurement was

defined as valid readings for>70%of the totalmeasurement attempts,

and at least 14measurements during the daytime (10:00 to 20:00 h for

development population, 09:00 to 21:00 for validation population) and

at least sevenmeasurements during the nighttime (00:00 to 06:00 h).

A blood sample for hematologic and biochemical analysis was

obtained after at least 8 h of overnight fasting.

2.3 Definition of hypertension

The mean daytime ambulatory BP was used as a reference standard

for the diagnosis of hypertension. Average daytime systolic BP (SBP)

≥135 mm Hg and/or diastolic BP (DBP) ≥85 mm Hg were defined

as hypertension. Office BP hypertension was defined as office SBP

≥140 mm Hg and/or DBP ≥90 mm Hg. Home BP hypertension was

defined as average home SBP≥135mmHg and/or DBP≥85mmHg.

White-coat hypertensionusingofficeBPwasdefined asmeeting cri-

teria for office BPhypertension but having normal daytime ambulatory

BP.Masked hypertension using office BPwas defined as meeting crite-

ria for office BP normotension but having daytime ABP hypertension.

White-coat and masked hypertension using home BP was defined as

meeting criteria for home BP hypertension but having normal daytime

ambulatory BP and home BP normotension but having daytime ABP

hypertension, respectively.

2.4 Statistical analysis

SBP and DBP for office and home BP were divided into three cat-

egories: the hypertension zone and normotension zone, not requir-

ing diagnosis by ambulatory BP measurement, and the intermediate

zone requiring diagnosis using ambulatory BP measurement. To iden-

tify upper and lower cut-off levels of SBP and DBP for office and home

BP, the receiver operator characteristic (ROC) curve was used. The

upper boundary of SBP and DBP was determined corresponding to a

level of 95% specificity for detecting ambulatory hypertension and the

lower boundary corresponding to a level of 95% sensitivity for detect-

ing ambulatory hypertension. For the practicality and convenience of

algorithm application, we determined the nearest value of the multi-

ples of 5 mm Hg as the cut-off value of the intermediate zone, in case

the cut-off values were located between the multiples of 5 mmHg (eg,

130, 135, 140, and 145mmHg).

In the development of the algorithm, we created three methods: (1)

diagnosis of hypertension by office BP measurements for three visits

and additional ambulatory BPmeasurements in the intermediate zone

of office BP (OBP-ABPmethod), (2) diagnosis of hypertension by office

BP measurements for 3 days, additional home BP measurement in the

intermediate zone of office BP, and additional ambulatory BPmeasure-

ments in the intermediate zone of home BP (OBP-HBP-ABP method),

and (3) diagnosis of hypertension by homeBPmeasurements and addi-

tional ambulatory BP measurement in the intermediate zone of home

BP (HBP-ABPmethod).

The diagnostic sensitivity, specificity, positive predictive value, and

negative predictive value of office BP and home BP measurement ref-

erenced to the diagnosis of hypertension by daytime ambulatory BP

were analyzed for all participants and participants excluding interme-

diate zone in the development and validation population. The diagnos-

tic sensitivity, specificity, positive predictive value, negative predictive

value, and accuracy (Table S1 in the supplementary material) of each

method were analyzed in the development and validation population.

In the comparison of diagnostic accuracies, non-overlapping of 95%

confidence intervals indicates statistical difference.

MedCalc software, version 19.6.4 (MedCalc Software bvba;Ostend,

Belgium) was used for statistical analyses.

3 RESULTS

3.1 Characteristics of study population

In development of the algorithm, 319 participants were recruited, and

the data of 256 participants (mean age: 51.8±9.7 years;men: 119)with

valid home BP and 24-h ambulatory BPmeasurements were analyzed.

In the validation population, 470 participants were recruited, and data

of 399 participants (mean age: 52.4±9.8 years; men: 126) with valid

home BP and 24-h ambulatory BP measurements were analyzed. The

baseline clinical characteristics of the development and validation pop-

ulation are summarized in Table 1. Therewas no difference inmean age

and ratio of sexes between development and validation populations.

The validation population showed a significantly higher prevalence of

diabetes, drinkers, level of daytime SBP, and home SBP. The preva-

lence of white-coat and masked hypertension using office BP between

development and validation populations was similar (7.8% vs. 7.3%,

p= 0.813, and 16.4% vs. 15.5% p= 0.759, respectively).

3.2 Development of diagnostic algorithm

Office BP at 95% sensitivity for detecting ambulatory hypertension

was 130.2 mm Hg for SBP and 81.1 mm Hg for DBP. Office BP at 95%

specificity for detecting ambulatory hypertension was 146.1 mm Hg

for SBP and 96.2 mm Hg for DBP. The three categories for office BP

were determined: normotension zone < 130/80 mm Hg, intermediate
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TABLE 1 Baseline characteristics and blood pressure of study population

Development

(n= 256)

Validation

(n= 399) p value

Age (years) 51.6± 9.7 52.5± 10.3 .295

Sex (male), n (%) 120 (46.9) 192 (48.1) .756

Bodymass index (kg/m2) 25.4±3.4 25.3±3.4 .549

Diabetes mellitus, n (%) 8 (3.1) 33 (8.3) .008

Current smoking, n (%) 48 (18.7) 63 (15.8) <.001

Alcohol use, n (%) 126 (49.2) 241 (60.4) .005

Office systolic BP (mmHg) 141.1±12.6 141.8±10.4 .273

Office diastolic BP (mmHg) 91.6±9.6 91.9±8.9 .584

Home systolic BP (mmHg) 134.6±13.6 136.8±11.9 .033

Home diastolic BP (mmHg) 87.8±9.9 88.2±9.3 .588

24 h ambulatory systolic BP (mmHg) 132.8±12.4 134.6±12.1 .070

24 h ambulatory diastolic BP (mmHg) 88.5±11.2 88.9±10.5 .605

Daytime ambulatory systolic BP (mmHg) 137.2±14.6 139.3±13.1. .046

Daytime ambulatory diastolic BP (mmHg) 91.9±12.5 92.8±11.2 .336

Hypertension phenotypes

Normotension, n (%) 48 (18.8) 45 (11.3)

White-coat hypertension, n (%) 20 (7.8) 29 (7.3)

Masked hypertension, n (%) 42 (16.4) 62 (15.5)

Sustained hypertension, n (%) 146 (57.0) 263 (65.9)

Abbreviation: BP, blood pressure.

TABLE 2 Distribution of hypertension phenotypes according to zones of office and home blood pressure values

Office BP HomeBP

Normotension

zone

Intermediate

zone

Hypertension

zone

Normotension

zone

Intermediate

zone

Hypertension

zone

Development population

NT, n (%) 14 (29.2) 34 (70.8) 0 (0.0) 24 (51.1) 23 (48.9) 0 (0.0)

WH, n (%) 0 (0.0) 13 (65.0) 7 (35.0) 0 (0.0) 17 (81.0) 4 (19.0)

MH, n (%) 2 (4.8) 40 (95.2) 0 (0.0) 9 (22.5) 31 (77.5) 0 (0.0)

SH, n (%) 0 (0.0) 38 (26.0) 108 (74.0) 0 (0.0) 76 (51.4) 72 (48.6)

Validation population

NT, n (%) 12 (26.7) 33 (73.3) 0 (0.0) 10 (18.2) 45 (81.8) 0 (0.0)

WH, n (%) 0 (0.0) 19 (65.5) 10 (34.5) 0 (0.0) 18 (100.0) 0 (0.0)

MH, n (%) 4 (6.5) 58 (93.5) 0 (0.0) 10 (14.5) 59 (85.5) 0 (0.0)

SH, n (%) 0 (0.0) 88 (33.5) 175 (66.5) 0 (0.0) 140 (54.5) 117 (45.5)

Hypertension phenotypes in office BP and home BP were defined by office BP hypertension (≥140/90 mm Hg) and ambulatory BP hypertension

(≥135/85mmHg), and home BP hypertension (≥135/85mmHg) and ambulatory daytime BP hypertension (≥135/85mmHg), respectively.

Abbreviations: BP, blood pressure; NT, normotension;WH, white-coat hypertension;MH, masked hypertension; SH, sustained hypertension.

zone 130–144/80–94 mm Hg, and hypertension zone ≥145/95 mm

Hg. Home BP at 95% sensitivity for detecting ambulatory hyperten-

sion was 120.5 mm Hg for SBP and 78.0 mm Hg for DBP. Home BP at

95% specificity for detecting ambulatory hypertension was 143.7 mm

Hg for SBP and 94.0 mmHg for DBP. The three categories of home BP

were determined: normotension < 120/80 mmHg, intermediate 120–

144/80–94mmHg, and hypertension zone≥145/95mmHg.

In the intermediate zone of office BP, 65.0% of white-coat hyper-

tension and 95.2% of masked hypertension by office BP were included

(Table 2). In the intermediate zone of home BP, 81.7% of white coat
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F IGURE 1 Distribution of participants based on the level of office blood pressure, home blood pressure, and ambulatory daytime blood
pressure in the development population. BP: blood pressure, HT: hypertension, NT: normotension, ABP: ambulatory blood pressure, ABPM:
ambulatory blood pressuremeasurements, HBPM: home blood pressuremeasurements

hypertension and 77.5% of masked hypertension by home BP were

included (Table 2). In the intermediate zone of office BP and home BP,

85.0% of office BP white-coat and masked hypertension and 78.7% of

home BPwhite coat andmasked hypertension were included.

The diagnostic sensitivity and specificity of the diagnostic thresh-

old of office BP 140/90 mm Hg were 77.7% (95% CI: 71.0–83.4%)

and 70.6% (95% CI: 58.3–81.0%), and the diagnostic accuracy was

75.8% (95% CI: 70.1–80.9%) in the development populations. How-

ever, excluding individuals in the intermediate zone of office BP, the

diagnostic sensitivity was improved to 98.2% (95% CI: 93.6–99.8%),

and specificitywas not changed (66.7%, 95%CI: 43.0–85.4%). The neg-

ative predictive value was improved (Table 3). The diagnostic sensi-

tivity and specificity of diagnostic threshold of home BP 135/85 mm

Hg were 78.7% (95% CI: 72.2–84.3%) and 69.1% (95%CI = 56.7–

79.8%), and the diagnostic accuracy was 76.2% (95% CI: 70.5–81.3%)

in the development population. Excluding individuals in the intermedi-

ate zone of homeBP, the diagnostic sensitivity, specificity and accuracy

were improved to 88.9% (95% CI: 80.0–94.8%), 85.7% (95% CI: 67.3–

96.0%) and 88.1% (95% CI: 80.5–93.5%), respectively, but statistically

insignificant (Table 3).

3.2.1 Office BP arm

Among 256 participants, 115 (44.9%) individualswere in the hyperten-

sion zone, 125 (48.8%) in the intermediate zone, and 16 (6.3%) in the

normotension zone of office BP (Figure 1). Among the individuals in the

intermediate zone of office BP, 78 (62.4%) were determined as hyper-

tension by daytime ambulatory BP (OBP-ABP method). Among the

individuals in the intermediate zone of office BP, 97 individuals (77.6%)

were in the intermediate zone of home BP, 10 (8.0%) in the hyperten-

sion zone, and18 (14.4%) in thenormotension zone.Among the individ-

uals in the intermediate zone of home BP, 64 (66.0%) were determined

as hypertensive by daytime ambulatory BP (OBP-HBP-ABPmethod).
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3.2.2 Home BP arm

Among the participants, 76 individuals (29.7%) were in the hyperten-

sion zone, 147 (57.4%) in the intermediate zone, and 33 (12.9%) in the

normotension zone of homeBP (Figure 1). Among the individuals in the

intermediate zone of homeBP, 107 (72.8%)were determined as hyper-

tension by daytime ambulatory BP (HBP-ABP strategy).

3.2.3 Diagnostic accuracy of algorithm

The diagnostic sensitivities and specificities of the three arms were

more than 95% and 86%, respectively. AUCs were more than 0.9

(Table 4). The positive predictive values exceeded 95%. The negative

predictive value of OBP-ABP arm was 96.8% (95% CI: 88.5–99.2%)

that is higher than those of OBP-HBP-ABP (88.1%, 95% CI:78.8–

93.6%) and HBP-ABP arms (87.7%, 95% CI: 78.9–93.1%), respectively,

but statistically insignificant. The diagnostic accuracy was 96.5% (95%

CI: 93.4–98.4) for the OBP-ABP arm, 93.4% (95% CI: 89.6–96.1) for

OBP-HBP-ABP arm, and 94.9% (95% CI: 91.5–97.3%) for HBP-ABP

arm, respectively.

3.3 Validation of diagnostic algorithm

The prevalence ofwhite-coat andmasked hypertension in the interme-

diate zone were not different from those of the development popula-

tion (Table2). In the intermediate zoneof officeBP, 65.5%ofwhite-coat

hypertension and 93.5% of masked hypertension by office BP were

included. In the intermediate zone of home BP, 100.0% of white coat

hypertension and 85.5% of masked hypertension by home BP were

included. In the intermediate zone of office BP and home BP, 78.7% of

office BP white-coat and masked hypertension, and 91.7% of home BP

white coat andmasked hypertension were included.

The distribution of patients in the normotension, hypertension, and

intermediate zones was similar to that in the development population

(Figure 2). As in the development population, the diagnostic sensitiv-

ity was also improved significantly, excluding individuals in the inter-

mediate zone of office and home BP (Table 3). The diagnostic sensitiv-

ity, specificity, and accuracies of each arm in the validation population

were similar to those in the development population (Table 4).

3.4 Twenty-four hour ambulatory BP as a
reference standard for the diagnosis of hypertension

The algorithm using 24-h ambulatory BP as a reference standard for

the diagnosis of hypertension showed similar results with the algo-

rithm using daytime ambulatory BP. The majority of masked and white

coat hypertension was distributed in the intermediate zone, and diag-

nostic accuracy in the validation population also had good consistency

to the development population, with accuracies exceeding 95% (Tables

S2–S4, and Figures S2 and S3 in the supplementarymaterial).
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TABLE 4 Diagnostic accuracy of three strategies in the development and validation population

Development population Validation population

OBP-ABP OBP-HBP-ABP HBP-ABP OBP-ABP OBP-HBP-ABP HBP-ABP

Sensitivity, % (95%CI) 98.9

(96.2–99.9)

95.7

(91.8–98.1)

95.2

(91.1–97.8)

98.8

(96.9–99.7)

96.6

(94.0–98.3)

96.9

(94.4–98.5)

Specificity, % (95%CI) 89.7

(79.9–95.8)

86.8

(76.4–93.8)

94.1

(85.6–98.4)

86.3

(76.2–93.2)

86.3

(76.2–93.2)

100.0

(95.1–100.0)

AUC 0.943

(0.907–0.968)

0.913

(0.871–0.944)

0.947

(0.912–0.971)

0.925

(0.895–0.949)

0.915

(0.883–0.940)

0.985

(0.967–0.994)

PPV, % (95%CI) 96.4

(92.9–98.2)

95.2

(91.6–97.4)

97.8

(94.5–99.1)

97.0

(94.8–98.3)

96.9

(94.7–98.2)

100.0

NPV, % (95%CI) 96.8

(88.5–99.2)

88.1

(78.8–93.6)

87.7

(78.9–93.1)

94.0

(85.6–97.7)

85.1

(76.1–91.2)

88.0

(79.9–93.1)

Accuracy, % (95%CI) 96.5

(93.4–98.4)

93.4

(89.6–96.1)

94.9

(91.5–97.3)

96.5

(94.2–98.1)

94.7

(92.1–96.7)

97.5

(95.4–98.8)

Non-overlapping of 95% confidence intervals indicates statistical difference.

Abbreviations: AUC, Area under the curve; PPV, positive predictive value; NPV, negative predictive value; CI, confidence interval.

F IGURE 2 Distribution of participants based on the level of office blood pressure, home blood pressure, and ambulatory daytime blood
pressure in the validation population. BP: blood pressure, HT: hypertension, NT: normotension, ABP: ambulatory blood pressure, ABPM:
ambulatory blood pressuremeasurements, HBPM: home blood pressuremeasurements
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F IGURE 3 Algorithm for the diagnosis of hypertension using out-of-office blood pressuremeasurements. ABPM: ambulatory blood pressure
measurements, HBPM: home blood pressuremeasurements, BP: blood pressure, OBP-ABP: diagnosis of hypertension by office BPmeasurements
for three visits and additional ambulatory BPmeasurements in the intermediate zone of office BP, OBP-HBP-ABP: diagnosis of hypertension by
office BPmeasurements for three days, additional home BPmeasurement in the intermediate zone of office BP, and additional ambulatory BP
measurements in the intermediate zone of home BP, HBP-ABP: diagnosis of hypertension by home BPmeasurements and additional ambulatory
BPmeasurement in the intermediate zone of home BP

4 DISCUSSION

In this study, we developed algorithms using out-of-office BP mea-

surement for the diagnosis of hypertension (Figure 3). We introduced

the intermediate zone showing a high frequency of mask hyperten-

sion and white-coat hypertension. Exclusion of the intermediate zone

revealed > 90% of the diagnostic sensitivity, PPV, and accuracy of

home and office BP-based diagnosis of hypertension. The diagnostic

algorithm applying ambulatory BP or home BP measurement to the

intermediate zone showed a diagnostic accuracy of hypertensionmore

than 93%.

Discrimination of white-coat hypertension from sustained hyper-

tension is crucial to avoid unnecessary antihypertensive medication.

Also, it is crucial to identify masked hypertension due to the similar or

greater cardiovascular risk, compared to sustained hypertension.20,21

Several studies and recent guidelines provided diagnostic algorithm

using out-of-office BP measurements (home and ambulatory BP mea-

surements) to determine white coat and masked hypertension in

the diagnosis of hypertension.5,12–16,22,23 Some focused on detecting

white-coat hypertension, not on masked hypertension. However, the

high prevalence of masked hypertension and its prognostic implication

involving adverse cardiovascular outcomes necessitated the inclusion

of masked hypertension to the diagnostic algorithm for hypertension.5

The Predicting Out-of-Office Blood Pressure in the Clinic (PROOF-

BP) study21 provided an intermediate zone (130/80–144/90 mm Hg)

for office BP at which patients are most likely to display white coat

or masked hypertension. However, PROOF-BP study did not include

home BP measurements in the algorithm. Likewise, in 2018, the Euro-

pean Society of Cardiology and the European Society of Hypertension

(ESC/ESH) guidelines for themanagement of arterial hypertension rec-

ommended the use of out-of-office BP (home or ambulatory BP) mea-

surement in individuals with high-normal BP (130–139/85–89mmHg)

to detect masked hypertension but did not provide an upper thresh-

old BP to detect white-coat hypertension.5 Except for Mansoor and

coworkers,22 no study provided the intermediate zone of home BP.

Mansoor and coworkers recommended an intermediate zone of home

BP where ambulatory BP should be measured. Although they did not

use the term of masked hypertension, their algorithm introduced the

lower home BP threshold to identify individuals with normal home BP

who showed ambulatory hypertension.

Different from the 2018 ESH/ESC hypertension guidelines and

previous studies, we have introduced office BP measured by using

a standardized technique in the various guidelines and home BP

measurement as a screening test and an intermediate zone of office

and home BP. In terms of a reference standard method for the diag-

nosis of hypertension, current guidelines recommend both home and

ambulatory BPmeasurements to detect white coat andmasked hyper-

tension, but it is left to the clinician’s discretion which method is used

for confirmation.5 Unfortunately, home BP and ambulatory BP mea-

surements are not interchangeable.10,11 Although current guidelines

placed the same weight on home and ambulatory BP measurement

in the diagnosis of hypertension, ambulatory BP measurement is

considered as a reference standard for diagnosis of hypertension

because there are fewer studies that link home BP monitoring to
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cardiovascular outcomes or mortality when compared to ambulatory

BPmeasurements.24 Therefore, we used ambulatory BPmeasurement

as the reference standard in the diagnosis of hypertension. Never-

theless, home BP has many advantages over ambulatory BP in that

it is cheaper and more widely available and provides day-to-day BP

variability (longitudinal monitoring). In this regard, we introduced

the home BP arm as another screening test instead of using it as a

confirmation test in our diagnostic algorithm for hypertension. Our

algorithm offers physicians the choice of using home or ambulatory BP

measurement in the diagnosis of hypertension.

The BP range of home BP intermediate zone in our study is wider

than that in Mansoor and coworkers22 (120–144 mm Hg vs. 125–

135 mm Hg and 80–94 mm Hg vs. 80–94 mm Hg, respectively).

Although not being fully explained, it may be by the difference of sen-

sitivity and specificity thresholds used in the ROC curve analysis (80%

in Mansoor and coworkers and 95% in our study), as well as the small

sample size of Mansoor and coworkers In general, it is estimated that

BPmeasured at home is about 5mmHg lower than BPmeasured in the

office. Reflecting this, the lower and upper thresholds of an interme-

diate zone in home SBP should be 125 mm Hg and 139 mm Hg (5 mm

Hg lower than 130mmHg and 144mmHg for the office BP). However,

in this study, those were determined at 120 mm Hg and 144 mm Hg

for home SBP by the ROC curvemethod. Consequently, the intermedi-

ate zone of home SBP was 10 mm Hg broader than that of office SBP.

Although the reason cannot be explained because there is no research

on this phenomenon so far, thediagnostic disagreementbetweenhome

and ambulatory BP measurement could be an explanation. There is a

diagnostic disagreementbetweenhomeandambulatoryBP in thediag-

nosis of hypertension, which is not uncommon.10,11 In our validation

population, the rate of disagreement was 21.1%.11 In the population

showing diagnostic disagreement, 79.8%had ambulatoryBPhyperten-

sion but home BP normotension. The reason for the diagnostic dis-

agreement between ambulatory and home BP is unclear, but it may

account for the wide range of home BP in the intermediate zone of our

study. The BP range of office BP intermediate zone in our study cannot

bedirectly compared to thatof thePROOF-BPstudybecause theoffice

BP in the PROOF-BP study was calculated by a regressionmodel.23

The advantages of our algorithm are (1) introduction of the inter-

mediate zone, and (2) selection of office BP or home BP by physicians

depending on the conditions. The inclusion of the majority of white-

coat and masked hypertension in the intermediate zone and applica-

tion of ambulatory BP measurement may facilitate a more accurate

diagnosis of hypertension phenotypes. As we describe in the above

discussion, detection of white coat and masked hypertension is cru-

cial to avoid unnecessary administration of antihypertensive medica-

tion and to prevent omission of high-risk patients. The National Insti-

tute for Health and Care Excellence (NICE) guidelines recommend

ambulatory or home BP measurements for patients when office BP is

140/90–179/119 mm Hg.17 However, ambulatory BP measurements

in all the individuals with high office BP is not practical considering

the limited availability of ambulatory BP measurement devices, high

costs, and inconvenience. Ambulatory BP measurements only in the

intermediate zone could reduce cost and inconvenience.Our algorithm

can reduce the application of ambulatory BP measurement by ∼50%

using the OBP-ABP method, 60% for the OBP-HBP-ABP method, and

40%with the HBP-ABPmethod. In clinical practice, frequent visits and

controlled measurement of office BP can be burdensome. Instead of

visits to measure office BP (OBP-ABP and OBP-HBP-ABP strategy),

HBP-ABP strategy can reduce the number of clinic visits. Our algo-

rithm allows the physicians to select an appropriate strategy based

on the prevailing conditions at clinics and the patient’s individual

conditions.

There are limitations to this study. First, we determined daytime

ambulatory BP as confirming diagnosis, rather than 24-h ambulatory

BP. Daytime ambulatory BP does not reflect nighttime BP. However,

daytime ambulatory BP has the advantage of more effectively reflect-

ing real office and home BP during the waking period while having

the same diagnostic threshold as home BP in current guidelines.5 Sec-

ond, office BP in our study was measured using the standardized tech-

nique recommended in the hypertension guidelines,5,6 which may be

different from those measured by a physician in routine clinical prac-

tice. Therefore, education regarding standardized office BP measure-

ment techniques for healthcare providersmay be required. The advan-

tage of our algorithm is that we provided an alternative method to use

home BP measurements instead of office BP measurements in con-

trolled condition.

In conclusions, we proposed a diagnostic algorithm for hyperten-

sion using the intermediate zone of office BP, home BP, and both, fol-

lowed by confirmation with ambulatory BP measurements. This algo-

rithm may have an advantage in efficacy for the detection of masked

andwhite coat hypertension.
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