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Abstract

The values used to define the presence of white-coat or masked blood pressure (BP) effects are arbitrary. The aim of this
study was to investigate the accuracy of several cutoff points based on the difference between office and home BP (ABP)
values to detect white-coat uncontrolled (WUCH) and masked uncontrolled (MUCH) hypertension, which are phenotypes
with adverse prognoses, in a large cohort of treated hypertensive patients. This multicenter cross-sectional study included
6,049 treated hypertensive patients (40% males, mean age 59.1 +14.4 years) who underwent office and home BP
monitoring. We compared the sensitivity, specificity, area under curve (AUC), and positive (PPV) and negative (NPV)
predictive values of several ABP cutoffs to detect WUCH and MUCH. The 15/9 mmHg cutoff, which reflects a 1.0 standard
deviation of the ABP, showed the best AUC (0.783, 95% CI =0.772-0.794) for the detection of WUCH, particularly in
individuals with office grade 1 hypertension (AUC =0.811, 95% CI=0.793-0.829). The —1/—1 mmHg cutoff, which
considers all individuals who had lower systolic or diastolic BP levels in the office than at home, had the highest AUC
(0.822, 95% CI=0.808-0.836) for the detection of MUCH. Both cutoff values also had the best performances for
identifying all patients with higher and lower office-than-home BP grades. In conclusion, the 15/9 and —1/—1 mmHg cutoffs
showed the best performance for the detection of treated hypertensive patients with WUCH and MUCH, respectively, and
therefore might be markers of significant white-coat and masked effects and could be useful for identifying preferential
targets for more routine home BP measures.
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Introduction
Supplementary information The online version of this article (https:// . . . . .
doi.org/10.1038/541440-019-0298-3) contains supplementary Hypertension is a major risk factor for cardiovascular
material, which is available to authorized users. events, including stroke and myocardial infarction [1, 2].
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The management of hypertension depends on accurate
blood pressure (BP) measurement so that antihypertensive
treatment can be appropriately recommended [3]. BP is
frequently assessed at the office, but this measure usually
over/underestimates the true BP values [4, 5], resulting in
phenotypes with worse prognosis compared with controlled
hypertension among treated hypertensive patients, such as
white-coat (high office and normal out-of-office BP)
uncontrolled (WUCH) and masked (normal office and
high out-of-office BP) uncontrolled (MUCH) hypertension
[6-8].

The difference between office and out-of-office BP
measures, which, depending on the direction, can be
defined as a white-coat or masked effect and may reflect an
inherent characteristic of BP in the examined individual
because office-induced increases or decreases in BP
usually persist in subsequent measures [9-12]. The mag-
nitude of this difference can be marked and relevant to
patient management [12, 13]. For instance, people with
significant white-coat effects are recommended to have
more routine out-of-office BP measures as an adjuvant
strategy to monitor the therapeutic response [14]. How-
ever, there is no consensus value to define the presence of
significant white-coat or masked effects in treated hyper-
tensive patients because although several BP cutoffs have
been suggested, their clinical relevance has not been
established [13, 15-19]. The main objective of the present
study was to investigate the sensitivity, specificity and
accuracy of several cutoff points for the difference
between office and home BP measures (ABP) to detect
WUCH and MUCH in a large multicenter sample of
patients using BP-lowering medications who underwent
home BP monitoring. In addition, we tested the perfor-
mance of the cutoffs for the identification of patients with
higher and lower office-than-home BP grades.

Methods
Design

This cross-sectional study included individuals aged 18
years or older from two independent populations. The first
population comprised 5777 individuals (2838 using and
2939 not using BP-lowering medications) from two Bra-
zilian cardiology centers who underwent home BP mon-
itoring exams between March 2005 and February 2018
[20, 21]. The second population comprised 5793 indivi-
duals (3211 using and 2582 not using BP-lowering med-
ications) from 46 Brazilian centers who performed home
BP monitoring and used an online platform (www.
telemrpa.com) between May 2017 and November 2018.
For the main analysis in this study, we evaluated 6049

participants using BP-lowering medications who were
merged from the two studied populations. In addition, we
also evaluated the 5521 participants merged from the two
studied populations who were not using BP-lowering
medications. The protocol conformed to the ethics guide-
lines in the 1975 Declaration of Helsinki and was
approved by the Ethics Committee of the Oswaldo Cruz
University Hospital/PROCAPE Complex and by the Fed-
eral University of Goids, which waived the requirement for
informed consent.

BP measurements, hypertension phenotypes and
clinical variables

Office BP was defined as the mean of two clinical BP
readings taken after at least 3 min of rest in a medical office.
On the following day, participants started to measure their
BP at home. Three home BP measurements were obtained
in the morning and in the evening after at least 3 min of rest
for 4 consecutive days. Home BP values were defined as the
average of both the morning (11.6+1.1 readings) and
evening (11.3 = 1.4 readings) measurements. Devices from
Omron (Omron Healthcare, Japan), Microlife (Microlife,
UK) and Geratherm (Geratherm Medical AG, Germany)
were used to perform the BP measurements, and the same
device was used for all office and home BP measurements
in each participant.

Hypertension phenotypes among treated participants were
defined as follows: controlled hypertension [office systolic
BP (SBP) < 140 mmHg and diastolic BP (DBP) < 90 mmHg
and home SBP < 135 mmHg and DBP < 85 mmHg], WUCH
(office SBP>140mmHg or DBP>90 mmHg and home
SBP <135 mmHg and DBP <85 mmHg), MUCH (office
SBP <140 mmHg and DBP <90 mmHg and home SBP >
135 mmHg or DBP > 85 mmHg) and sustained uncontrolled
hypertension (SUCH) (office SBP 2 140 or DBP > 90 mmHg
and home SBP=>135 or DBP 285 mmHg) [20, 22]. The
corresponding terms among untreated participants were
normotension, white-coat hypertension, masked hyperten-
sion, and sustained hypertension, respectively.

Hypertension in the office was defined as grade 1 if the
SBP = 140-159 or the DBP = 90-99 mmHg, grade 2 if the
SBP = 160-179 or the DBP = 100-109 mmHg and grade 3
if the SBP was >180 or the DBP was >110 mmHg [22],
while hypertension at home was defined as grade 1 if the
SBP = 135-154 or the DBP = 85-94 mmHg, grade 2 if the
SBP = 155-174 or the DBP =95-104 mmHg and grade 3
if the SBP was 2175 or the DBP was >105 mmHg [14].

Data on sex, age and body mass index were gathered
from all participants. Information on the use of specific anti-
hypertensive medications was available for 4091 indivi-
duals (68% of the participants who were using BP-lowering
medications).
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BP cutoffs for white-coat and masked effect

The differences between office and home SBP (ASBP) and
DBP (ADBP) measurements among participants using BP-
lowering medications were used to build cutoffs to identify
white-coat (office BP higher than home BP) and masked
(office BP higher than home BP) effects. Seven cutoffs for
the white-coat effect were selected: (a) ASBP > 30 mmHg or
ADBP > 18 mmHg [reflecting 2.0 standard deviations (SD)
of ASBP or ADBP]; b) ASBP>20mmHg or ADBP2>
15 mmHg [16]; (c) ASBP >20 mmHg or ADBP > 10 mmHg
[13, 15]; (d) ASBP>15mmHg or ADBP>9 mmHg
(reflecting 1.0SD of ASBP or ADBP); (¢) ASBP>14
mmHg or ADBP >8 mmHg [based on receiver operating
characteristic (ROC) curve cutoff points for ASBP or
ADBP that showed the best association with WUCH in our
sample]; (f) ASBP > 12 mmHg (reflecting the mean ASBP
plus 0.2SD of ASBP) [17]; and (g) ASBP>10 mmHg
[19]. Seven cutoffs for the masked effect were selected:
(a) ASBP<—15 mmHg or ADBP< —9 mmHg (reflecting
—1.0SD of ASBP or ADBP); (b) SBP<—8 mmHg or
DBP < —4 mmHg (reflecting the mean ASBP minus 1.1 SD
of ASBP or mean ADBP minus 1.1 SD of ADBP) [17]; ¢)
ASBP < —8 mmHg (reflecting the mean ASBP minus 1.1 SD
of ASBP) [17]; (d) ASBP<—6 mmHg or ADBP< -3
mmHg (reflecting the mean ASBP minus 1 SD of ASBP or
the mean ADBP minus 1 SD of ADBP) [23]; (¢) ASBP<
—6 mmHg (reflecting the mean ASBP minus 1 SD of ASBP)
[23]; (f) ASBP<—5mmHg or ADBP< —2mmHg (based
on the ROC curve cutoff points for ASBP or ADBP that
showed the best association with MUCH in our sample; and
g) ASBP < —1 mmHg or ADBP < —1 mmHg [17, 18, 23].

Statistical analysis

Continuous and categorical variables are expressed as the
mean + SD and the number of subjects and proportion,
respectively. In the primary analyses, the sensitivity, spe-
cificity, positive predictive value (PPV), negative predictive
value (NPV) and area under the curve (AUC) derived from
ROC curves with the studied cutoffs for detecting WUCH
or MUCH among treated hypertensive participants were
calculated. The tests of equality of the AUCs from the ROC
curves were performed with the Stata roccomp command,
using a chi-square test. In the secondary analyses, we
compared the performance of the cutoffs to detect: (a) all
treated hypertensive participants with significant decreases
in BP grade at home, i.e., the sum of the participants with
WUCH and those with SUCH who had a hypertension
grade at the office higher than that at home and (b) all
treated hypertensive participants with significant increases
in BP grade at home, i.e., the sum of the participants with
MUCH and those with SUCH who had higher hypertension
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grades at home than at the office. For the sensitivity ana-
lyses, we repeated the primary analysis as follows: (1) in all
treated hypertensive participants stratified by sex; (2) in the
subsample of participants with available information on
anti-hypertensive drug class use (n =4091); and (3) in the
sample of individuals who were not taking antihypertensive
medications (n =15521). P-values <0.05 were considered
statistically significant. The statistical analysis was per-
formed using Stata software version 14.1 (Stata Corp LP,
College Station, TX, USA).

Results

The clinical characteristics of the treated hypertensive par-
ticipants (n = 6049) are shown in Table 1. These indivi-
duals were 40% male and 59.1 + 14.4 years old and had a
body mass index of 28.9 = 5.1 kg/m*. The office SBP, office
DBP, home SBP and home DBP values were 138.2 +21.1,
82.9+12.2, 1289+16.3 and 77.2+10.3 mmHg, respec-
tively, resulting in ASBP and ADBP values of 9.2+ 15.3
and 5.7 +8.8 mmHg, respectively (Table 1 and Supple-
mentary Fig. 1). The numbers and percentages of partici-
pants with controlled hypertension, WUCH, MUCH and
SUCH were 2063 (43%), 1140 (19%), 537 (9%), and 1769
(29%), respectively (Table 1).

White-coat effect

The distribution of treated hypertensive participants
according to the 7 cutoffs for the white-coat effect (ASBP/
ADBP = 30/18, 20/15, 20/10, 15/9, or 14/8 mmHg, and
ASBP =12 or 10mmHg) is shown in Supplementary
Table 1. Table 2 shows the sensitivity, specificity, PPV,
NPV and AUC for the studied cutoffs for the detection of
WUCH. The 15/9 mmHg cutoff resulted in the highest AUC
(0.783, 95% CI = 0.772—0.794) for the detection of WUCH,
followed by the 14/8§ mmHg (AUC =0.778, 95% Cl=
0.768-0.788; p=0.046 compared with the 15/9 mmHg
cutoff) and 20/10 mmHg (AUC=0.769, 95% CI=
0.756-0.783; p=0.004 compared with the 15/9 mmHg
cutoff) cutoffs. The sensitivity and specificity of the
15/9 mmHg cutoff were 89.7 (95% CI=87.8-91.4) and
66.9 (95% CI = 65.6-68.3), respectively.

Most (81%) of the participants with WUCH had office
grade 1 hypertension. In this subpopulation, the 15/9 mmHg
cutoff resulted in the highest numerical AUC for the
detection of WUCH (0.811, 95% CI = 0.793-0.829), with a
sensitivity of 87.4 (95% CI = 85.1-89.4) and a specificity of
74.9 (95% CI=71.9-77.7). In contrast, the studied cutoffs
showed poor performance among participants with office BP
grades 2 and 3 hypertension due to the low specificity for the
detection of WUCH (Supplementary Table 2).
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We further tested the ability of the studied cutoffs to
identify all treated hypertensive individuals with significant
decreases in BP grades at home (n = 1739). The sum of
participants with WUCH and those with SUCH who had a
hypertension grade at the office higher than at home was

Table 1 Characteristics of treated hypertensive patients

Characteristics n = 6049
Male sex, n (%) 2388 (40)
Age (years) 59.1+14.4
Body mass index (kg/mz) 289+5.1
Office SBP (mmHg) 138.2+21.1
Office DBP (mmHg) 829+12.2
Home SBP (mmHg) 128.9+16.3
Home DBP (mmHg) 77.2+10.3
Valid home BP measures, n 23+2
HT phenotypes, n (%)
Controlled HT 2603 (43)
White-coat uncontrolled HT 1140 (19)
Masked uncontrolled HT 537 (9)
Sustained uncontrolled HT 1769 (29)
Office BP grades, n (%)
Normal (<140/90 mmHg) 3140 (52)
Grade 1 HT (140-159/90-99 mmHg) 1811 (30)
Grade 2 HT (160-179/100-109 mmHg) 741 (12)
Grade 3 HT (>180/110 mmHg) 357 (6)
Home BP grades, n (%)
Normal (<135/85 mmHg) 3743 (62)
Grade 1 HT (135-154/85-94 mmHg) 1740 (29)
Grade 2 HT (155-174/95-104 mmHg) 435 (7)
Grade 3 HT (2175/105 mmHg) 131 (2)

BP blood pressure, SBP systolic BP, DBP diastolic BP, HT
hypertension

calculated (Table 3). In this analysis, the 15/9 mmHg cutoff
resulted in the highest AUC (0.833, 95% CI = 0.823-0.842;
p-value at least<0.020 compared with all other cutoffs)
among the studied thresholds, with a sensitivity of 91.1
(95% CI = 89.7-92.4) and a specificity of 75.4 (95% CI =
74.1-76.7).

Masked effect

The distribution of treated hypertensive participants
according to the 7 cutoffs for the detection of the masked
effect (ASBP/ADBP = —15/-9, —8/—4, —6/-3, —5/-2
or —1/—1 mmHg, and ASBP = —8 or —6 mmHg) is shown
in Supplementary Table 3. The sensitivity, specificity, PPV,
NPV and AUC for the studied cutoffs for the detection of
MUCH are shown in Table 4. The —1/—1 mmHg cutoff
resulted in the highest AUC (0.822, 95% CI = 0.808-0.836;
p at least<0.001 compared with the other studied cutoffs),
with a sensitivity and specificity of 90.1 (95% Cl=
87.3-92.5) and 74.2 (95% CI =73.0-75.4), respectively.

We also tested the accuracy of the proposed cutoffs for
the identification of all treated hypertensive individuals with
significant increases in BP grades at home (n =701), i.e.,
the sum of the participants with MUCH and those with
SUCH who had hypertension grades higher at home than at
the office (Table 5). The —1/—1 mmHg cutoff resulted in
the highest AUC (0.826, 95% CI=0.813-0.839; p at
least < 0.005 compared with the AUCs of the other cutoffs),
with a sensitivity of 89.2 (95% CI=86.6-91.4) and spe-
cificity of 76.0 (95% CI =74.9-77.2).

Sensitivity analysis

We repeated the primary analysis stratified by sex. This
sensitivity analysis showed that the 15/9 and —1/—1 mmHg

Table 2 Performance of studied cutoffs derived from the difference between office and home BP to detect white-coat uncontrolled hypertension*
among treated hypertensive patients

ABP
cutoffs, mmHg

Sensitivity, %
(95% CI)

Specificity, %
(95% CI)

30/18 38.0 (35.2-40.9) 92.8 (92.1-93.5)
20/15 66.3 (63.5-69.1) 84.0 (82.9-85.0)
20/10 79.5 (77.0-81.8) 74.4 (73.1-75.6)
15/9 89.7 (87.8-91.4) 66.9 (65.6-68.3)
14/8 92.5 (90.9-94.0) 63.0 (61.6-64.4)
12 (SBP) 83.1 (80.8-85.2) 70.6 (69.3-71.8)
10 (SBP) 87.7 (85.7-89.6) 65.1 (63.8-66.5)

PPV, % (95% CI) NPV, % (95% CI) AUC (95% CI) p-value**
552 (51.6-58.7)  86.6 (85.6-87.5)  0.654 (0.640-0.669) <0.001
49.0 (46.5-51.5)  91.5 (90.6-92.3)  0.751 (0.737-0.766) <0.001
419 (39.8-44.0)  94.0 (93.2-94.7)  0.769 (0.756-0.783)  0.004
38.7 (36.8-40.5)  96.6 (95.9-97.1)  0.783 (0.772-0.794)  ——
36.7 (35.0-38.5)  97.3 (96.7-97.9)  0.778 (0.768-0.788)  0.046
39.6 (37.6-41.6)  94.7 (93.9-95.4)  0.768 (0.756-0.781)  0.008
36.9 (35.1-38.7)  95.8 (95.1-96.5)  0.764 (0.753-0.776)  0.002

ABP difference between office and home BP, AUC area under ROC curve, PPV positive predictive value, NPV negative predictive value, BP blood

pressure, SBP systolic BP; DBP diastolic BP; CI confidence interval

*Office SBP > 140 or DBP > 90 mmHg and home SBP < 135 and DBP < 85 mmHg
**p-value for the difference between AUC of studied BP cutoffs vs. AUC of 15/9 mmHg cutoff
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Table 3 Performance of studied BP cutoffs derived from the difference between office and home BP to detect the sum of patients with white-coat
uncontrolled hypertension* and those with sustained uncontrolled hypertension who had hypertension grade higher at the office than at home
among treated hypertensive patients

ABP Sensitivity, % Specificity, % PPV, % (95% CI) NPV, % (95% CI) AUC (95% CI) p-value**
cutoffs, mmHg (95% CI) (95% CI)

30/18 39.9 (37.5-42.2) 97.9 (97.4-98.3) 88.3 (85.8-90.4)  80.1 (79.0-81.2)  0.689 (0.677-0.700) <0.001
20/15 68.9 (66.7-71.1) 92.0 (91.1-92.8) 77.6 (75.5-79.7)  88.0 (87.0-88.9)  0.804 (0.793-0.816) <0.001
20/10 81.8 (79.9-83.6) 82.8 (81.7-83.9) 65.8 (63.7-67.8)  91.9 (91.0-92.7)  0.823 (0.813-0.834)  0.020
15/9 91.1 (89.7-92.4) 75.4 (74.1-76.7) 59.9 (58.0-61.8)  95.5 (94.7-96.1)  0.833 (0.823-0.842) -

14/8 93.6 (92.3-94.7) 71.1 (69.8-72.5) 56.7 (54.8-58.5)  96.5 (95.8-97.1)  0.823 (0.815-0.832) <0.001
12 (SBP) 84.9 (83.2-86.6) 78.8 (77.5-80.0) 61.7 (59.8-63.7)  92.8 (92.0-93.7)  0.819 (0.808-0.829)  0.004
10 (SBP) 89.0 (87.4-90.4) 73.0 (71.6-74.3) 57.1 (55.2-58.9)  94.2 (93.4-95.0)  0.810 (0.800-0.820) <0.001

ABP difference between office and home BP, AUC area under ROC curve, PPV positive predictive value, NPV negative predictive value, BP blood

pressure, SBP systolic BP, DBP diastolic BP, CI confidence interval

*Office SBP > 140 or DBP > 90 mmHg and home SBP < 135 and DBP < 85 mmHg
**p-value for the difference between AUC of studied BP cutoffs vs. AUC of 15/9 mmHg cut-off

Table 4 Performance of studied cutoffs derived from the difference between office and home BP to detect masked uncontrolled hypertension*
among treated hypertensive patients

ABP Sensitivity, % Specificity, % PPV, % (95% CI) NPV, % (95% CI) AUC (95% CI) p-value**
cutoffs, mmHg (95% CI) (95% CI)

—15/-9 32.6 (28.6-36.7) 95.7 (95.2-96.2) 42.6 (37.7-47.5) 93.6 (92.9-94.2)  0.642 (0.622-0.662) <0.001
—8/—4 65.2 (61.0-69.2) 87.2 (86.3-88.1) 33.2 (30.3-36.1)  96.3 (95.7-96.8)  0.762 (0.741-0.783) <0.001
—8 (SBP) 48.6 (44.3-52.9) 92.7 (91.9-93.3) 39.2 (35.5-43.0) 94.9 (94.2-95.4)  0.706 (0.685-0.728) <0.001
—6/-3 74.1 (70.2-77.8) 84.0 (83.0-85.0) 31.1 (28.6-33.7)  97.1 (96.6-97.5)  0.791 (0.772-0.810) <0.001
—6 (SBP) 57.5 (53.2-61.8) 90.6 (89.8-91.4) 37.4 (34.1-40.8)  95.6 (95.0-96.2)  0.741 (0.719-0.762) <0.001
—5/-2 79.0 (75.3-82.3) 80.9 (79.8-81.9) 28.7 (26.4-31.1)  97.5 (97.0-98.0)  0.799 (0.781-0.817)  0.001
—1/-1 90.1 (87.3-92.5) 74.2 (73.0-75.4) 25.4 (23.5-27.4)  98.7 (98.3-99.0)  0.822 (0.808-0.836) -

ABP difference between office and home BP, AUC area under ROC curve, PPV positive predictive value, NPV negative predictive value, BP blood

pressure, SBP systolic BP, DBP diastolic BP, CI confidence interval

*Office SBP < 140 and DBP < 90 mmHg and home SBP > 135 or DBP > 85 mmHg
**p-value for the difference between AUC of studied BP cutoffs vs. AUC of —1/—1 mmHg cutoff

Table 5 Performance of studied BP cutoffs derived from the difference between office and home BP to detect the sum of patients with masked
uncontrolled hypertension* and those with sustained uncontrolled hypertension who had hypertension grade lower at the office than at home
among treated hypertensive patients

ABP Sensitivity, % Specificity, % PPV, % (95% CI) NPV, % (95% CI) AUC (95% CI) p-value**
cutoffs, mmHg (95% CI) (95% CI)

—15/-9 33.7 (30.2-37.3) 96.7 (96.2-97.2) 574 (52.5-62.3) 91.8 (91.0-92.5)  0.652 (0.634-0.670) <0.001
—8/—4 65.8 (62.1-69.3) 88.9 (88.0-89.7) 43.7 (40.7-46.8)  95.2 (94.6-95.8)  0.773 (0.755-0.791) <0.001
—8 (SBP) 49.2 (45.5-53.0) 94.0 (93.3-94.6) 51.8 (47.9-55.7) 93.4 (92.7-94.0)  0.716 (0.697-0.735) <0.001
—6/-3 74.3 (70.9-77.5) 85.8 (84.9-86.8) 40.7 (38.0-43.5) 96.2 (95.6-96.7)  0.801 (0.784-0.818) <0.001
—6 (SBP) 57.1 (53.3-60.8) 92.0 (91.3-92.7) 48.4 (44.9-51.8) 94.2 (93.6-94.9)  0.745 (0.727-0.764) <0.001
—5/-2 79.2 (76.0-82.1) 82.7 (81.7-83.7) 37.6 (35.1-40.1)  96.8 (96.3-97.3)  0.810 (0.794-0.825)  0.005
—1/-1 89.2 (86.6-91.4) 76.0 (74.9-77.2) 32.8 (30.7-35.0)  98.2 (97.7-98.6)  0.826 (0.813-0.839) -

ABP difference between office and home BP, AUC area under ROC curve, PPV positive predictive value, NPV negative predictive value, BP blood

pressure, SBP systolic BP, DBP diastolic BP, CI confidence interval

*Masked effect was defined as office SBP < 140 and DBP <90 mmHg and home SBP > 135 or DBP > 85 mmHg
**p-value for the difference between AUC of studied BP cutoffs vs. AUC of —1/—1 mmHg cutoff
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cutoffs resulted in the highest AUC values for the detection
of WUCH and MUCH, respectively, in treated participants
of both sexes (Supplementary Tables 4 and 5).

In 4091 treated participants, information regarding the
use of antihypertensive drug classes was available. This
subsample had similar clinical characteristics compared
with the total population of treated hypertensive individuals
(Supplementary Table 6), and the use of angiotensin-
converting enzyme inhibitors, angiotensin receptor block-
ers, diuretics, betablockers, calcium channel blockers, cen-
tral alpha agonists and vasodilators was observed in 19%,
61%, 37%, 30%, 26%, 4%, and 1% of the participants,
respectively. In this subsample, the 15/9 and —1/—1 mmHg
cutoffs also resulted in the highest AUC values to identify
WUCH and MUCH, respectively, as well as significant
shifts in BP grades from office to home (Supplementary
Tables 7 and 8).

We further evaluated the accuracy of the cutoffs for the
identification of white-coat hypertension, masked hyper-
tension and different office-than-home BP grades in 5521
individuals who performed home BP monitoring and were
not taking BP-lowering medications (Supplementary
Tables 9, 10, and 11). These additional analyses also
showed that the 15/9 and —1/—1 mmHg cutoffs resulted in
the highest AUC values for the identification of white-coat
hypertension and masked hypertension, respectively, as
well as differences in office and home BP grades.

Discussion

This study compared the performance of several ABP cut-
offs for the detection of WUCH or MUCH, as well as
higher or lower office-than-home BP grades in a large
multicenter population of treated hypertensive patients and
reported two major findings. First, the 15/9 mmHg cutoff
resulted in the best performance with regard to the detection
of WUCH, particularly in subjects with office grade 1
hypertension. This cutoff also had higher accuracy for the
detection of all individuals who had a higher BP grade at the
office than at home. Second, the —1/—1 mmHg cutoff
resulted in the best performance for the identification of
MUCH, as well as all individuals who had higher BP grades
at home than in the office. These findings suggest that the
15/9 and —1/—1 mmHg cutoffs might be markers of sig-
nificant white-coat and masked effects, respectively, among
treated hypertensive individuals in clinical practice.
Hypertensive patients with a significant white-coat effect
have been recommended to perform more routine out-of-
office BP measures as an adjuvant strategy to monitor the
therapeutic response [14]. However, there is no consensus
value to define the presence of a significant white-coat effect
because although several ABP cutoffs have been suggested,

their clinical meaning is uncertain [13, 15-17, 19]. This lack
of standardization in the definition of a significant white-coat
effect may have potential deleterious impacts, either leading
to unnecessary out-of-office monitoring, which can be costly
and inconvenient for patients [24], or excluding from more
routine out-of-office evaluation patients who would benefit
from this approach. In our main analysis, we investigated the
ability of several ABP cutoffs to detect WUCH among
treated hypertensive patients. We chose the detection of
WUCH as the primary endpoint because this phenotype is
related to worse long-term prognosis and may result in the
prescription of unnecessary treatment with potential adverse
effects that may be markedly debilitating, particularly in
elderly patients [7, 25]. We found that the 15/9 mmHg cutoff
resulted in the best accuracy, as assessed by the AUC, for the
identification of WUCH, particularly among participants with
office grade 1 hypertension, which comprised the majority of
patients with WUCH. This finding might be clinically rele-
vant because it suggests that the 15/9 mmHg cutoff has the
best performance for the detection of WUCH mainly among
individuals who are at higher risk of having this phenotype.
In contrast, no proposed cutoff showed good performance for
the identification of WUCH among participants with office
grade 2 and 3 hypertension, suggesting that the studied cut-
offs might not be suitable for detecting WUCH in these
subgroups of patients. It is also noteworthy that the 15/9
mmHg cutoff resulted in the highest accuracy for the detec-
tion of all individuals who had a lower BP grade at home
than in the office, including participants with SUCH. Toge-
ther, these results indicate that the 15/9 mmHg cutoff has a
superior ability to identify treated hypertensive patients who
are at greater risk of having a higher office-than-home BP
grade. Given that office-induced increases in BP usually
persist in subsequent measures [9, 10, 12], our data suggest
that patients with uncontrolled BP at the office and a ABP >
15/9 mmHg could be preferential targets for more routine
home BP measures aiming to define appropriate therapy
regimens.

The 20/10 mmHg cutoff has been the most commonly
used value to define the presence of a significant white-coat
effect according to several guidelines [13, 14, 25, 26]. This
cutoff originally represented approximately 2.0SD of a
series of previously reported ambulatory BP readings [13].
However, in our analysis, the 20/10 mmHg cutoff resulted
in an inferior AUC, as well as a lower sensitivity for the
identification of WUCH compared with the 15/9 mmHg
cutoff. These findings indicate that, compared with the 20/
10 mmHg cutoff, the 15/9 mmHg cutoff may be a more
representative marker of a significant white-coat effect. It
should be acknowledged, however, that the 15/9 mmHg
value reflects 1.0 SD of ASBP and ADBP, respectively,
obtained from our sample. Because the ABP usually varies
according to the studied population [17, 23], further studies
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in alternative samples of treated hypertensive individuals
are necessary to evaluate whether the 15/9 mmHg value
per se or distinct values reflecting 1.0 SD of the ABP would
result in the best accuracy for the detection of WUCH.

Few ABP cutoffs have been suggested to define the
presence of the masked effect [17, 18, 23]. The —1/—1
mmHg cutoff, which considers all individuals who had
lower SBP or DBP values at the office than at home, has
been the most commonly used definition of the masked
effect [18, 23, 24], even though its clinical relevance
remains unknown. In our analysis, we compared the abil-
ities of several ABP cutoffs to detect MUCH, a phenotype
that is associated with an adverse prognosis [7, 8]. We
found that the —1/—1 mmHg cutoff had the best accuracy
and sensitivity for the detection of participants with MUCH.
This cutoff also had the best accuracy for the identification
of the combination of participants with MUCH and those
with SUCH who had higher hypertension grades at home
than at the office. Given that the masked effect has good
reproducibility in subsequent measures [11], the present
data suggest that the —1/—1 mmHg cutoff might be useful
for the stratification of treated hypertensive patients with a
higher risk of MUCH who would benefit from more regular
out-of-office monitoring.

Some results of this report deserve additional comments.
We observed that the cutoffs based solely on ASBP rather
than on both ASBP and ADBP had inferior performance for
the identification of either WUCH or MUCH. Therefore, the
inclusion of both ASBP and ADBP appears to be necessary
for the adequate definition of white-coat and masked effect
thresholds. We also performed additional analyses evalu-
ating the accuracy of the studied cutoffs for the detection of
WUCH and MUCH, as well as higher or lower office-than-
home BP grades in a large subsample of patients with
available information on the use of antihypertensive drug
classes. This analysis not only provided information on the
pattern of BP-lowering medications used by our studied
population but also suggested that the use of specific anti-
hypertensive classes did not influence the association
between the proposed cutoffs and the presence of WUCH or
MUCH. Last, we tested the performance of the cutoffs in a
large sample of individuals not using BP-lowering medi-
cations and observed that 15/9 and —1/—1 mmHg had the
best accuracy for the detection of white-coat hypertension
and higher office-than-home BP grades, as well as masked
hypertension and lower office-than-home BP grades,
respectively. These findings indicate that such cutoffs might
also be useful for identifying individuals not using anti-
hypertensive medications who would benefit from more
routine home BP evaluations.

Some limitations in the present report must be con-
sidered. First, information on additional cardiovascular
characteristics of the sample, such as smoking and
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diabetes status, as well as on alternative medications that
might influence BP, including nasal vasoconstrictor
agents, nonsteroidal anti-inflammatory drugs and oral
contraceptives, was not available. Second, the lack of
outcomes at follow-up does not allow us to confirm the
prognostic value of the proposed cutoffs. Third, although
both home BP and ambulatory BP monitoring are tech-
niques used to obtain out-of-office measures, their results
may not be interchangeable for estimating white-coat and
masked effects [11, 27]. Therefore, further research
should be performed in individuals undergoing ambula-
tory BP monitoring to validate the current findings.
Conversely, the multicenter nature of the protocol and the
large sample size are strengths of this study. Notably, to
the best of our knowledge, this is the largest home BP
monitoring study aiming to define thresholds for masked
and white-coat effects.

In conclusion, our study showed that the 15/9 mmHg
cutoff had the best performance for the detection of WUCH
and higher office-than-home BP grades, while the —1/—1
mmHg cutoff had the best performance for the identification
of MUCH and lower office-than-home BP grades in a large
multicenter sample of hypertensive patients using BP-
lowering medications. These cutoffs might be markers of
significant white-coat and masked effects and could be
useful for the identification of preferential targets for more
routine home BP measures aiming to define appropriate
therapy regimens.
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