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The prevalence of masked hypertension (out-of-clinic daytime
systolic/diastolic blood pressure (SBP/DBP) >135/85 mm Hg
on ambulatory blood pressure monitoring [ABPM] among
adults with clinic SBP/DBP <140/90 mm Hg) is high. It is
unclear who should be screened for masked hypertension. The
authors derived a clinic blood pressure (CBP) index to identify
populations for masked hypertension screening. Index cut
points corresponding to 75% to 99% sensitivity and prehyper-
tension were evaluated as ABPM testing criterion. In a deriva-
tion cohort (n=695), the index was clinic SBP+1.3*clinic DBP. In
an external validation cohort (n=675), the sensitivity for masked

hypertension using an index >190 mm Hg and >217 mm Hg
and prehypertension status was 98.5%, 71.5%, and 82.5%,
respectively. Using National Health and Nutrition Examination
Survey data (n=11,778), the authors estimated that these
thresholds would refer 118.6, 44.4, and 59.3 million US adults,
respectively, to ABPM screening for masked hypertension. In
conclusion, the CBP index provides a useful approach to
identify candidates for masked hypertension screening using
ABPM. J Clin Hypertens (Greenwich). 2016;18:1086-1094.
© 2016 Wiley Periodicals, Inc.

In 2002, Pickering introduced the term masked
hypertension, referring to individuals not taking anti-
hypertensive medication who have nonelevated clinic-
measured blood pressure (BP) but elevated daytime BP
when assessed outside of the clinic by ambulatory BP
monitoring (ABPM).! Masked daytime hypertension
has been reported to be common among individuals
with nonelevated clinic BP (CBP), with prevalence
estimates ranging from 15% to 30% in population-
based studies.” Compared with sustained normotension,
defined as nonelevated CBP with nonelevated daytime
BP on ABPM, masked daytime hypertension is associ-
ated with increased risk for target organ damage,
cardiovascular disease, and mortality.>

Some guidelines and position papers recommend
ABPM to detect masked hypertension®’; however, it
is unclear which populations to screen with ABPM to
detect masked hypertension.” *~'* One approach would
be to offer ABPM to all adults with nonelevated CBP to
identify those with masked hypertension.” However,
population-wide screening for masked hypertension is
not practical. Another approach is to offer ABPM to
individuals with prehypertension, defined as a clinic
systolic BP (SBP) of 120 mm Hg to 139 mm Hg or
clinic diastolic BP (DBP) of 80 mm Hg to 89 mm Hg,
due to the substantial overlap that exists between
prehypertension and masked hypertension.”**® This
too may result in a substantial proportion of US adults
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undergoing ABPM. A third approach is to develop an
equation to identify individuals for ABPM screening.
In this study, we derived and validated a CBP
diagnostic index for detecting masked hypertension
among adults with nonelevated CBP who were not
taking antihypertensive medication. Test characteristics
for the identification of masked hypertension using this
index, including sensitivity, specificity, and positive and
negative predictive values, were calculated and com-
pared with the test characteristics associated with using
prehypertension. Data from the National Health and
Nutrition Examination Survey (NHANES) 2009-2012
were used to estimate the number of US adults who
would be recommended for ABPM to detect masked
hypertension using each of these approaches.

METHODS

Study Populations
The current analyses used data from four studies. The
Masked Hypertension Study (MHT)** (n=1010) was
used to derive an equation (the CBP diagnostic index)
for identifying masked daytime hypertension. We
pooled data from the Improving the Detection of
Hypertension Study (IDH) (n=408) and the Jackson
Heart Study (JHS; n=5301; n=1148 who completed
ABPM) to externally validate the CBP diagnostic index
in samples having a high number of Hispanics and
African Americans. NHANES 2009-2010 and 2011-
2012 (n=11,778) were used to estimate the number of
US adults 20 years and older who would be recom-
mended for ABPM screening to identify masked hyper-
tension with the approaches being compared.

Each of the studies used for the current analysis has
been described in detail previously.*>**2¢ In brief, the
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MHT is a worksite-based study comprising adult
employees from Stony Brook University, University
Hospital at Stony Brook, Columbia University, and a
private hedge fund management organization in New
York who work >20 hours per week and on at least two
consecutive days. The goal of the MHT is to estimate
the prevalence predictors, and prognosis of masked
hypertension.”” The IDH Study enrolled a community-
based sample of adults, primarily from upper Manhat-
tan, New York City.”* It was designed to compare the
cost-effectiveness of different strategies for diagnosing
ambulatory hypertension. The JHS is a prospective
population-based study comprised exclusively of Afri-
can Americans from the tri-county (Hinds, Madlson§
and Rankin counties) area of Jackson, Mississippi.”
The purpose of the JHS is to evaluate cardlovascular
disease risk among African Americans.”” The aim of
NHANES is to assess the health and nutritional status of
adults and children in the United States. NHANES
enrolled a multistage probability sample of noninstitu-
tionalized US civilians and can be used to calculate
nationally representative estimates of disease preva-
lence. It is conducted in 2-year cycles, and these cycles
can be pooled to provide stable prevalence estimates in
population subgroups.

For the current analyses, the MHT, IDH, and JHS
were restricted to participants who met criteria for a
complete ABPM (defined below) and who had nonele-
vated CBP and were not taking antihypertensive medi-
cation (MHT: n=695; IDH: n=344; JHS: n=331). The
NHANES sample was restricted to participants 20 years
and older who had nonelevated CBP and were not taking
antihypertensive medication (n=6835). ABPM was not
performed in NHANES. Additional details on each
study are available in the online Supplement. The current
study was approved by all appropriate institutional
review boards and is in agreement with the Declaration
of Helsinki. All participants provided written informed
consent.

Data Collection

The MHT and IDH studies collected data using self-
administered questionnaires during a clinic examination
and through ABPM. The JHS collected data using
interviewer-administered questionnaires during a clinic
examination and through ABPM. In each study, trained
technicians measured height, weight, and CBP during a
clinic examination. Questionnaires were used to docu-
ment information on demographics (ie, age, sex, race/
ethnicity), smoking status, current use of antihyperten-
sive medication, and self-reported diabetes status. In
NHANES, interviewer-administered questionnaires
were used during the in-home interview to collect
demographic information and data on antihypertensive
medication use.

CBP in the MHT, IDH, JHS, and NHANES
In all four studies, CBP was measured by trained staff
following a standardized protocol. Prior to CBP
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measurements, participants sat quietly for at least
5 minutes in an upright position with their back and
arms supported, feet flat on the floor, and legs
uncrossed. During the CBP measurements, an appro-
priately sized cuff, determined b;/ measuring the mid-
arm c1rcumference, was used.”®?” One to two minutes
elapsed between the readings in the MHT, IDH, and
JHS studies; there was a 30-second interval between the
readings in NHANES. In the MHT, IDH, and
NHANES, three CBP measurements were obtained
using a mercury sphygmomanometer. In JHS, two
CBP measurements were obtained using a random zero
mercury sphygmomanometer. For each participant, the
CBP measurements were averaged. Nonelevated CBP
was defined as clinic SBP <140 mm Hg and clinic DBP
<90 mm Hg. Prehypertension was defined as clinic SBP
of 120 mm Hg to 139 mm Hg or clinic DBP of 80 to
89 mm Hg.

ABPM in MHT, IDH, and JHS

ABPM was conducted in MHT, IDH, and JHS using
Spacelabs model 90207 (Snoqualmie, WA). For each
study, participants were fitted with an appropriately
sized ABPM arm cuff. BP on ABPM was recorded every
28 minutes in MHT, every 30 minutes in IDH, and
every 20 minutes in JHS. For the current analysis, we
defined diurnal periods using International Database on
Ambulatory Blood Pressure in Relation to Cardiovas-
cular Outcomes (IDACO) criteria. Daytime was defined
as the time perlod from 10 AM to 8 PM and nighttime as
12 aMm to 6 am.>° Participants were considered to have a
complete ABPM if they had 10 or more daytime and five
or more nighttime SBP and DBP measurements.

The ABPM recordings were analyzed to obtain mean
daytime and nighttime SBP and DBP. Daytime hyper-
tension was defined as a mean SBP >135 mm Hg or
mean DBP >85 mm Hg based on the daytime measure-
ments, and nocturnal hypertension was defined as a
mean SBP >120 mm Hg or mean DBP >70 mm Hg
based on the nighttime measurements.’>">% Since the
current analysis was restricted to participants with
nonelevated CBP, those with daytime and nocturnal
hypertension had masked daytime hypertension and
masked nocturnal hypertension, respectively.

Statistical Analyses

In the MHT, the c-statistic was calculated for three
logistic regression models to identify factors that
discriminated participants with and without masked
daytime hypertension, defined as a mean daytime SBP
>135 mm Hg or mean daytime DBP >85 mm Hg in
participants with nonelevated CBP (SBP/DBP <140/
90 mm Hg; Table S1).** In these analyses, masked
daytime hypertension was the dependent variable. The
independent variables were clinic SBP and DBP in model
1; age, sex, body mass index, race, ethnicity, diabetes,
and current smoking in model 2; and all variables from
models 1 and 2 in model 3. As described below, model 1
discriminated masked daytime hypertension better than
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model 2. Discrimination was better in model 3 versus
model 1. Model 1 was chosen for the diagnostic index as
it provides a simple method using CBP alone and may be
more easily implemented in practice.

A receiver operating characteristic curve was plotted
to determine the CBP diagnostic index cut point with
99%, 95%, 90%, 85%, 80%, and 75% sensitivity
(Figure S1). The CBP diagnostic index cut point for
masked daytime hypertension corresponding to the
respective sensitivity level was subsequently applied in
the diagnostic index equation from the selected logistic
regression model (model 1) to derive the cut points. The
online Data S1 provides further details on the derivation
of the CBP diagnostic index.

In the pooled IDH/JHS validation cohort, the c-
statistic and the Hosmer-Lemeshow Goodness-of-Fit for
deciles were calculated to determine the discrimination
and calibration, respectively, of the diagnostic index.
The external validity of the CBP diagnostic index was
determined by taking the cut points associated with
99%, 95%, 90%, 85%, 80%, and 75% sensitivity from
the MHT and calculating the test characteristics for
detecting masked daytime hypertension in the pooled
IDH/JHS validation cohort. As the 2013 European
Society of Hypertension (ESH) position paper on ABPM
recommends including nocturnal hypertension as a
criterion for the definition of masked hypertension, we
evaluated the test characteristics of the CBP diagnostic
index for identifying masked daytime or masked noc-
turnal hypertension in a secondary analysis.” For
comparison, test characteristics were calculated for
prehypertension and the upper range of prehypertension
(ie, clinic SBP 130-139 mm Hg or clinic DBP 85—
89 mm Hg). The upper range of prehypertension was
selected for an a priori analysis as studies have reported
that the prevalence of masked hypertension is very high
in this range of CBP.***3*

Finally, using NHANES 2009-2012 data, the number
and percentage of US adults 20 years and older who
would be recommended testing with ABPM was esti-
mated for individuals with an elevated CBP diagnostic
index, prehypertension, and the upper range of prehy-
pertension, separately. Estimates were calculated for the
overall population and in subgroups defined by age (ie,
<40, 40-59, >60 years), race/ethnicity (ie, non-Hispanic
white, non-Hispanic black, Hispanic, other), and sex.
NHANES analyses were conducted taking into account
the study’s complex multistage sampling design and
were weighted to produce US population estimates.
Analyses were conducted using SAS version 9.4 (SAS
Institute, Cary, North CC) and SUDAAN 10.1
(Research Triangle Institute, Research Triangle Park,
NCQC).

RESULTS
Participant Characteristics

Compared with the derivation cohort (ie, MHT), the
pooled validation cohort (ie, IDH/JHS) had a higher

percentage of participants who were 60 years or older
and black and Hispanic (Table I). Participants with
prehypertension and the upper range of prehypertension
comprised 39.9% and 12.8% of the derivation cohort,
respectively, and 47.4% and 19.3% of the pooled
validation cohort, respectively. Whereas masked day-
time and masked nocturnal hypertension was present in
19.3% and 20.0% of the derivation cohort, respec-
tively, the prevalence was 20.3% and 32.9%, respec-
tively, in the pooled IDH/JHS cohort. In addition,
30.2% and 37.6% of the MHT and pooled IDH/JHS
cohort participants, respectively, had masked daytime
and/or nocturnal hypertension.

Derivation of the CBP Diagnostic Index in MHT

The c-statistic for masked daytime hypertension was
0.78 (95% confidence interval [CI], 0.74-0.82) for the
model including only clinic SBP and DBP (model 1) and
0.72 (95% CI, 0.66-0.77) for the model that included
age, sex, body mass index, race, ethnicity, diabetes, and
current smoking status (model 2; Table S1). In the
model that included all of the variables from models 1
and 2 (model 3), the c-statistic was 0.81 (95% CI, 0.77—
0.85). Using model 1, the CBP diagnostic index was
defined as: clinic SBP + 1.3*clinic DBP.

A scatterplot of each participant’s clinic SBP and DBP
in the MHT is shown in Figure S2. The lines in the figure
correspond to the CBP diagnostic index equation for
sensitivity levels of 99%, 95%, 90%, 85%, 80%, and
75%. Using the CBP diagnostic index equation, the cut
point for detecting masked daytime hypertension with
99% sensitivity was 190 mm Hg. The cut point for 95%
sensitivity was 201 mm Hg, 90% sensitivity was
207 mm Hg, 85% sensitivity was 212 mm Hg, 80%
sensitivity was 214 mm Hg, and 75% sensitivity was
217 mm Hg. The specificity and positive and negative
predictive values for each level of sensitivity are provided
in Table S2.

Validation of the CBP Diagnostic Index in the Pooled
IDH/JHS Cohorts

In the validation cohort, the c-statistic for masked
daytime hypertension was 0.77 (95% CI, 0.73-0.81).
The CBP diagnostic index was well calibrated in the
validation cohort (Hosmer-Lemeshow Goodness-of-Fit
chi-square for deciles with 8 degrees of freedom: 9.78;
P=.281). A scatterplot of IDH and JHS participants’
clinic SBP and DBP readings and the boundary lines
representing 99%, 95%, 90%, 85%, 80%, and 75%
sensitivity for detecting masked daytime hypertension
using the CBP diagnostic index are plotted in Figure. In
the pooled IDH/JHS cohort, the sensitivity for detecting
masked daytime hypertension using the cut points on
the CBP diagnostic index from the MHT ranged from
98.5% to 71.5% and the specificity ranged from 18.8%
to 64.1%, respectively (CBP diagnostic index
>190 mm Hg to >217 mm Hg, respectively; Table II,
top panel). The sensitivity and specificity for detecting
masked daytime hypertension was 82.5% and 61.5%
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TABLE I. Characteristics of Participants in the MHT, IDH, and JHS
MHT Study (Derivation Cohort) IDH/JHS (Pooled Validation Cohort)
(n=695) (n=675)
Age categories, No. (%), y

<40 213 (30.7) 212 (31.4)

40-59 435 (62.6) 324 (48.0)

>60 47 (6.8) 139 (20.6)

Male, No. (%) 275 (39.6) 241 (35.9)
Black race, No. (%) 47 (6.8) 5415 (61.5)
Hispanic ethnicity, No. (%) 87 (12.5) 216 (32.0)
Body mass index, No. (%), kg/m? 27.4 (5.4) 28.5 (6.0)
Diabetes, No. (%) 25 (3.8) 37 (5.5)
Current smoker, No. (%) 49 (7.4) 62 (9.3)
Clinic BP

Systolic, mm Hg 113.8 (10.7) 115.0 (11.8)

Diastolic, mm Hg 74.4 (7.5) 74.3 (8.0)

Prehypertension, No. (%)® 277 (39.9) 320 (47.4)

Upper range of prehypertension, No. (%)® 89 (12.8) 130 (19.3)

Ambulatory BP

Daytime period

Systolic, mm Hg 122.6 (10.1) 118.6 (12.1)

Diastolic, mm Hg 77.2 (7.5) 71.8 (9.4)

Masked daytime hypertension, No. (%)° 134 (19.3) 137 (20.3)

Nighttime period

Systolic, mm Hg 106.2 (10.7) 108.6 (11.1)

Diastolic, mm Hg 62.3 (7.9) 63.5 (7.7)

Masked nocturnal hypertension, No. (%)® 139 (20.0) 222 (32.9)

Masked daytime® and/or nocturnal® hypertension, No. (%) 210 (30.2) 254 (37.6)
Abbreviations: BP, blood pressure; IDH, Improving the Detection of Hypertension Study; JHS, Jackson Heart Study; MHT, Masked Hypertension Study.
Values are expressed as mean (standard deviation) unless otherwise indicated.
2Prehypertension: among adults with nonelevated clinic blood pressure (BP) (ie, systolic BP <140 mm Hg and diastolic BP <90 mm Hg), clinic systolic
BP >120 mm Hg and <140 mm Hg, or clinic diastolic BP >80 mm Hg and <90 mm Hg. PUpper range of prehypertension: among adults with nonelevated
clinic BP (ie, systolic BP <140 mm Hg and diastolic BP <90 mm Hg), clinic systolic BP >130 mm Hg and <140 mm Hg, or clinic diastolic BP >85 mm Hg
and <90 mm Hg. °“Masked daytime hypertension: clinic systolic/diastolic BP <140/90 mm Hg with mean ambulatory daytime systolic/diastolic BP >135/
85 mm Hg. “Masked nocturnal hypertension: clinic systolic BP <140/90 mm Hg with mean ambulatory nocturnal systolic/diastolic BP >120/70 mm Hg.

for prehypertension and 42.3% and 86.6% for the
upper range of prehypertension, respectively. The sen-
sitivity for detecting masked daytime or nocturnal
hypertension ranged from 97.2% to 64.6% (CBP
diagnostic index >190 mm Hg to >217 mm Hg, respec-
tively) using the CBP diagnostic index and was 71.3%
for prehypertension and 34.3% for the upper range of
prehypertension (Table II, bottom panel).

Testing for Masked Daytime Hypertension in the US
Population

In 2009-2012, an estimated 152.7 million US adults
had nonelevated CBP and were not taking antihyper-
tensive medication (Table III). Using the CBP diagnostic
index, the number of US adults recommended ABPM to
detect masked daytime hypertension ranged from
44.4 million using a cut point of 217 mm Hg to
118.6 million using a cut point of 190 mm Hg. Using
prehypertension as the criterion for ABPM would result
in referring 59.3 million US adults for ABPM. There

would be 20.3 million US adults referred for ABPM if
the upper range of prehypertension is used.

DISCUSSION

In the current study, we developed and validated a CBP
diagnostic index that identifies adults as having masked
daytime hypertension. We externally validated cut
points for identifying masked daytime hypertension
using the CBP diagnostic index with sensitivity ranging
from 75% to 99%. Although the CBP diagnostic index
can be used to identify almost all adults with masked
hypertension (ie, approximately 99% sensitivity), this
would require that 118.6 of the 152.7 million US adults
with nonelevated CBP undergo ABPM. By choosing a
cut point associated with lower sensitivity, specificity
would be higher and ABPM would be required for far
fewer US adults. For example, using a cut point that
identified 89.8% of individuals with masked daytime
hypertension would require testing 73.1 million US
adults. For comparison, using prehypertension as a
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FIGURE. Scatterplot of clinic systolic vs diastolic blood pressure demonstrating derived cut points corresponding with specified sensitivity
levels for detecting masked daytime hypertension using the clinic blood pressure index equation in the pooled validation cohort of participants
in the Improving the Detection of Hypertension Study and Jackson Heart Study (n=675). The shaded region represents the clinic blood pressure
values corresponding with prehypertension defined as systolic blood pressure >120 mm Hg and <140 mm Hg and/or diastolic blood pressure
>80 mm Hg and <90 mm Hg. Region A: The clinic blood pressure diagnostic index, defined as systolic clinic blood pressure + 1.3*diastolic
clinic blood pressure, was categorized as normal (ie, below the cut point corresponding with the specified sensitivity level). Region B: The clinic
blood pressure diagnostic index, defined as systolic clinic blood pressure + 1.3*diastolic clinic blood pressure, was categorized as elevated (ie,
at or above the cut point corresponding with the specified sensitivity level). Cut points for an elevated clinic blood pressure diagnostic index
corresponding with the specified sensitivity levels are: sensitivity 99%: >190 mm Hg; sensitivity 95%: >201 mm Hg; sensitivity 90%:

>207 mm Hg; sensitivity 85%: >212 mm Hg; sensitivity 80%: >214 mm Hg; and sensitivity 75%: >217 mm Hg.

criterion to screen for masked daytime hypertension
provides 82.5% sensitivity and would require 59.3 mil-
lion US adults to undergo ABPM. While the upper range
of prehypertension would only require screening
20.3 million US adults, less than 50% of masked
daytime hypertension cases (42.3% sensitivity) would
be referred to ABPM.

Guidelines and position papers recommend ABPM to
detect masked hypertension but agreement has not been
reached on who should be offered ABPM." % °7'2 The
current study provides evidence that it is impractical to
perform ABPM in all US adults (approximately 153 mil-
lion) with nonelevated CBP who are not taking antihy-
pertensive medication. A more reasonable approach
would be to test adults with a CBP diagnostic index
above a specified cut point. For any selected cut point,
there is a balance between sensitivity to detect masked
daytime hypertension and the number of US adults who
require testing with ABPM. Using a low cut point
provides high sensitivity and almost all adults with
masked daytime hypertension would be detected. How-
ever, this would result in performing ABPM in a
majority of US adults with nonelevated CBP. In
contrast, using a higher cut point on the CBP diagnostic

index, the sensitivity will be lower but substantially
fewer US adults would need to undergo ABPM.

There are proponents of offering ABPM to adults
with prehypertension in order to detect masked hyper-
tension.”** Supporting this approach are prior studies
that have examined the overlag of prehypertension with
masked daytime hypertension.”? In the MHT, 35.0% of
participants with prehypertension but only 8.9% of
those with normal CBP had masked daytime hyperten-
sion.”? Similarly, masked daytime hypertension was
more common among IDH/JHS participants with pre-
hypertension (35.3%) compared with normal CBP
(6.8%).%° In the MHT, masked daytime hypertension
was almost twice as common in adults with CBP in the
upper vs lower range of prehypertension (ie, clinic SBP/
DBP  130-139/85-89 mm H§ vs  120-129/80-
84 mm Hg): 51.7% vs 26.5%.** These studies may be
interpreted as recommending ABPM for adults with
CBP in the upper range of prehypertension and may be
an appropriate approach for detecting masked hyper-
tension. Although these prior studies demonstrate high
positive predictive value of prehypertension to identify
masked daytime hypertension, the current study shows
that the upper range of prehypertension has low
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sensitivity for detecting masked daytime hypertension.
Therefore, referring only individuals with CBP in the
upper range of prehypertension for ABPM would miss
the majority of individuals with masked daytime
hypertension.

Increasing evidence suggests that CVD risk is higher
for individuals with compared to without elevated
nighttime BP.?® The 2013 ESH ABPM position paper
incorporates elevated nighttime BP as a criterion for
masked hypertension. The current study suggests that
the cut points from the CBP diagnostic index chosen for
detecting masked daytime hypertension may also be
useful for detecting masked daytime or nocturnal
hypertension.

ABPM and home BP monitoring (HBPM) can also be
used to identify masked hypertension. Some evidence
suggests that some individuals have masked hyperten-
sion on ABPM or HBPM, but not by both approaches. It
is unclear whether the current results apply to masked
hypertension identified by HBPM.

STUDY STRENGTHS AND LIMITATIONS

The current study has several strengths. First, there
were four cohorts available for analysis. This allowed
us to derive the CBP diagnostic index, externally
validate it, and estimate the number of US adults who
would be recommended for ABPM across a range of cut
points on the index. The large number of participants
from each cohort with nonelevated CBP provided large
samples to derive and externally validate the CBP
diagnostic index. Furthermore, these cohorts allowed us
to compare test characteristics for cut points on the
CBP diagnostic index with prehypertension and the
upper range of prehypertension. In addition, the pooled
validation cohort had a high representation of minori-
ties including Hispanics in IDH and African Americans
in JHS.

Several limitations should be considered when inter-
preting the current results. Although the CBP diagnostic
index was validated in a pooled cohort of IDH and JHS
participants, it may not be generalizable to other
populations. Masked hypertension was diagnosed using
one 24-hour ABPM period. While some individuals with
masked daytime and/or nocturnal hypertension on a
single ABPM may not have it when repeated, conduct-
ing only one 24-hour ABPM period is common clinical
practice.”* The cut points may be different if an
oscillometric device were used to measure CBP. In
addition, while all four studies used trained staff who
followed standardized protocols to measure CBP, the
effect of different intervals on successive CBP measure-
ments (eg, 30 seconds in the NHANES vs 1 to 2 minutes
in other studies) is unclear. Further, CBP was measured
following a research protocol in each of the individual
studies. However, CBP measured in clinical practice is
generally of poorer quality. Last, a possible limitation of
the use of ABPM in clinical practice is that self-reported
sleep disturbances are relatively common among those
who undergo ABPM.

Criteria to Detect Masked Hypertension | Booth et al.

CONCLUSIONS

There are approximately 153 million adults with
nonelevated CBP who are not taking antihypertensive
medication in the United States. Performing ABPM in
all of these people in order to detect masked hyper-
tension is not practical. Using the CBP diagnostic
index, developed and validated in the current study,
provides a simple approach to identify a subgroup of
individuals for whom ABPM is better targeted. If
identifying all individuals with masked hypertension is
viewed as necessary, a cut point of 190 mm Hg on the
CBP diagnostic index could be used. NHANES data
indicate that 118.6 million US adults would be
referred for ABPM under this approach. In contrast,
fewer US adults would be referred to ABPM using
higher cut points on the CBP diagnostic index, but at
the expense of lower sensitivity. The use of the upper
range of prehypertension as screening criteria would
result in masked hypertension not being identified in
many people. The current study provides empirical
data on various approaches for identifying masked
hypertension in untreated adults with nonelevated
CBP.
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Supporting Information
Additional Supporting Information may be found online
in the supporting information tab for this article:

Data S1. Supplementary Methods

Figure S1. Receiver operating characteristic curve
with different sensitivities (99%, 95%, 90%, 85%,
80%, and 75%) for detecting masked daytime hyper-
tension using predicted probabilities based on clinic
systolic and diastolic blood pressure in patients in the
Masked Hypertension Study.

Figure S2. Scatterplot of clinic systolic vs diastolic
blood pressure demonstrating derived cut points corre-
sponding with specified sensitivity levels for detecting
masked daytime hypertensmn using the clinic blood
pressure index equation in patients in the Masked
Hypertension Study (n=695).

Table S1. Odds ratio and area under the receiver
operator characteristic curve for masked daytime hyper-
tension' associated with clinic blood pressure and other
characteristics of patients in the Masked Hypertension
Study with nonelevated® clinic blood pressure and not
taking antihypertensive medication.

Table S2. Test characteristics for detecting masked
daytime hypertension (n=134) associated with prehy-
pertension, upper range of prehypertension, and an
elevated clinic blood pressure diagnostic index in
patients in the Masked Hypertension Study (n=695).
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