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Structured Abstract

Objective: We conducted this systematic review to support the U.S. Preventive Services Task
Force (USPSTF) in updating its recommendation on screening for hypertension in adults. This
systematic review addresses the benefits and harms of screening for hypertension in adults,
including the accuracy of initial office-based screening measurements during a single encounter
and confirmatory blood pressure measurements using various modalities in those who initially
screen positive.

Data Sources: We performed a search of MEDLINE, PubMed (publisher-supplied records
only), , the Cochrane Collaboration Registry of Controlled Trials, and the Cumulative Index of
Nursing and Allied Health for relevant English-language studies published between
February2014, and August 2019. Additionally, we re-evaluated all studies included in the 2014
USPSTF review. We supplemented searches by examining bibliographies from retrieved articles
and consulting outside experts. We searched clinical trial registries for ongoing and/or
unpublished trials. We conducted ongoing surveillance for relevant literature through March 20,
2020.

Study Selection: Two investigators independently reviewed 21,741 abstracts and 544 full-text
articles against a set of a priori inclusion and quality criteria. Resolution of disagreements was
achieved through discussion with a third reviewer. We included the following study designs:
randomized controlled trials (RCTs) and clinical controlled trials (CCTs) for effectiveness of
screening (KQ1); test accuracy studies for accuracy of initial office-based blood pressure
screening (KQ2) and subsequent confirmatory blood pressure measurements (KQ3) using an
ambulatory blood pressure measurement (ABPM) reference standard; and RCTs, CCTs, and
cohort and cross-sectional studies for screening and confirmation harms (KQ4).

Data Analysis: One investigator abstracted data into evidence tables and a second investigator
checked accuracy. We qualitatively synthesized data separately for each key question. We meta-
analyzed study results for Key Questions 2 and 3. Our quantitative analyses utilized a bivariate
model for sensitivity and specificity outcomes. We used visual inspection of forest plots arranged
by various study, population, and test characteristics to explore heterogeneity.

Results: For KQI1, one community-based cluster RCT (N=140,642) of a multicomponent CVD
health promotion program that included hypertension screening as the primary intervention for
older adults reported a 9 percent relative reduction in composite CVD-related hospital
admissions (rate ratio 0.91 [95% CI, 0.86 to 0.97]). For KQ2, meta-analysis of 15 studies
(N=11,309) of office-based blood pressure measurement (OBPM) for screening at a single visit
demonstrated a pooled sensitivity of 0.54 (95% CI, 0.37 to 0.70) and a pooled specificity of 0.90
(95% CI, 0.84 to 0.95) with considerable clinical and statistical heterogeneity. For KQ3, 18
studies (N=57,128) of various confirmatory blood pressure measurement modalities reported
data that allowed accuracy calculations; these studies used confirmation modalities of: OBPM,
home blood pressure measurement (HBPM), self-OBPM (measurement performed by a patient
in the office setting), and truncated ABPM. Meta-analysis of eight OBPM confirmation studies
(N=53,183) showed a pooled sensitivity of 0.80 (95% CI, 0.68 to 0.88) and a pooled specificity
of 0.55 (95% (I, 0.42 to 0.66) with considerable clinical and statistical heterogeneity. Meta-
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analysis of four HBPM confirmation studies (N=1,001) showed a pooled sensitivity of 0.84
(95% CI, 0.76 to 0.90) and a pooled specificity of 0.60 (95% CI, 0.48 to 0.71) with considerable
statistical heterogeneity. Two studies of self~OBPM (N=698) and one study of truncated ABPM
(N=263) provided a limited evidence base for determination of accuracy for these modalities.
There was limited information about the accuracy of protocol variations, precluding conclusions
about the optimal protocol characteristics for screening and confirmatory blood pressure
measurement in the included studies. For KQ4, 13 studies (N=5,150) suggest that screening is
associated with no decrements in quality of life or psychological distress and scant evidence on
screening’s effect on absenteeism is mixed. ABPM followup testing is associated with minor
adverse events including temporary sleep disturbance and bruising.

Limitations: The literature identified for blood pressure screening and confirmation accuracy
represented a heterogeneous group of studies resulting in inconsistent and imprecise accuracy
estimates. The included protocol characteristics for screening and confirmatory blood pressure
measurements likely represent “research quality” measures not followed in current practice.

Conclusions: Blood pressure screening at a single visit has a low sensitivity and adequate
specificity for detection of hypertension, leading to a substantial number of potentially missed
cases. Confirmatory office or home blood pressure measurement applied to a population with a
previously elevated blood pressure has adequate sensitivity and low specificity suggesting that
these modalities may not be appropriate replacements for ABPM for diagnostic confirmation.
Scant literature is available to inform best practices in blood pressure measurement to optimize
test accuracy. Limited available evidence on the direct harms of screening and confirmatory
blood pressure measurements suggest that the harms are minimal, and the most notable harm of
blood pressure screening is likely misdiagnosis with ensuant under or over-treatment. Future
research is needed to identify optimal blood pressure measurement protocols and confirmation
algorithms—including blood pressure threshold values—to inform clinical practice.
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Chapter 1. Introduction

Purpose

The Agency for Healthcare Research and Quality (AHRQ) has requested an updated evidence
report on screening for hypertension in adults. This report will be used by the United States
Preventive Services Task Force (USPSTF) to update its 2015 recommendation on this topic.!

Topic Importance

Natural History

Blood pressure (BP) is the pressure the blood exerts against arterial walls as it circulates through
the body. It is generally estimated by measuring systolic and diastolic components. Systolic
blood pressure (SBP) is the maximal pressure in blood vessels during systole (heart contraction),
and diastolic blood pressure (DBP) is the minimal pressure in blood vessels during diastole
(heart relaxation between contractions).> BP is measured routinely as a “vital sign.” Primary (or
essential or idiopathic) hypertension is defined as high BP in the absence of a known secondary
cause and accounts for 95 percent of all cases of hypertension.’

Hypertension is one of the most important risk factors for cardiovascular disease (CVD).8
Although hypertension is often discussed as though it is a disease entity, it is more appropriately
categorized as a continuous risk factor that is a strong predictor of poor health.” 1° The natural
history of uncontrolled hypertension is progression to end-organ damage, including the heart,
brain, kidneys, eyes and arteries with clinical sequelae including myocardial infarction, stroke,
vascular dementia, renal failure, blindness, and peripheral artery disease.'"> !> Long term
uncontrolled hypertension can eventually lead to arterial and renal damage and eventually
contribute to a treatment-resistant state of hypertension.*

Rationale for Screening

Hypertension is generally asymptomatic;'? therefore, it is most commonly identified through
screening. BP can be modified with lifestyle interventions,'*!® and good-quality randomized,
controlled trials (RCTs) demonstrate the effectiveness of antihypertensive pharmacological
treatments to reduce CVD and total mortality.!” 18

Condition Background

Definition of Hypertension

The definition of hypertension has changed over time. Until recently, hypertension was most
commonly defined as SBP 140 mm Hg or greater and/or DBP 90 mm Hg or greater (hereafter
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referred to as >140/90 mm Hg).? The 2017 AHA/ACC guidelines redefined hypertension for
adults as SBP >130 mm Hg or DBP >80 mm Hg, with treatment thresholds based on both blood
pressure and 10-year CVD risk (Table 1).!° Based on 2013 to 2016 data, the overall age-adjusted
prevalence of hypertension among U.S. adults age 20 years or older was 30.5 percent when
defined as BP >140/90 mm Hg by conventional measurement or use of antihypertensive
medication.?’ With a threshold of >130/80 mm Hg or use of medication, prevalence rises to 46.0
percent.?!

BP control rates remain low despite substantial improvements since the 1970s in the awareness
and treatment of hypertension.” In 2015 to 2016, 16 to 32 percent of men were unaware of their
hypertensive status (depending on age) compared with 14 to 17 percent of women.?> However, of
those with hypertension, only 39.1 percent of men and 53.3 percent of women and had their BP
controlled to >140/90 mm Hg.?® Disparities exist for the control of hypertension by
race/ethnicity, as well as sex. The lowest control rates are among Hispanic or Latino men,
followed by black men (30.7% and 34.7%, respectively), compared with a control rate of 42.5
percent among white men.

Robust data from both prospective cohort studies and contemporary clinical databases show a
strong continuous relationship between blood pressure and cardiovascular disease spanning a
wide range of blood pressures.?* 2> A 2019 analysis of over 1.3 million adults in the United
States using BP measurements obtained during routine clinical practice showed that both systolic
and diastolic hypertension independently predict adverse outcomes, and that this relationship is
not altered by choice of hypertension threshold (>140/90 mm Hg vs. >130/80 mm Hg).?® In the
absence of a clear threshold, hypertension may be defined pragmatically as the level of BP at
which there is either experimental or epidemiological evidence that therapeutic interventions
reduce cardiovascular (CV) event rates.2® On the other hand, since foundational evidence
suggests no threshold effect and a continuous association between blood pressure and mortality
down to 115/75 mm Hg, it could be argued that the definition could be based on the threshold at
which this prognostic mortality association exists.>*

Etiology and Risk Factors

The pathogenesis of primary hypertension is multifactorial and imprecisely understood. A
number of risk factors for hypertension have been identified, including: age, African American
race, family history of hypertension and genetic factors, excess weight and obesity, lifestyle
habits (including lack of physical activity, stress, and tobacco use), and dietary factors (including
dietary fats, higher sodium intake, lower potassium intake, and excessive alcohol intake).?’
Hypertension commonly coexists with other CVD risk factors, such as diabetes, dyslipidemia,
and obesity. Table 2 shows the odds ratios for prevalent hypertension for selected demographic
and clinical characteristics.

As shown in Table 3, the prevalence of high BP is age-dependent. BP increases progressively
with age?® and hypertension develops in a high proportion of adults in the United States living
into their 80s or 90s.?’ In a younger population, hypertension can develop over a relatively short
period when BP is near the threshold for defining hypertension.*® Although the prevalence of
high BP tends to be higher in men than women at younger ages, it is higher in women than men
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at ages older than 60 years. Thus, the overall prevalence of high BP is similar among men
(30.2%) and women (27.7%), but disparities are seen among different races and ethnicities. High
BP is markedly more common in black adults (40.3%) than in whites (27.8%), Hispanics
(27.8%), or Asians (25.0%). BP data are limited for Native Americans and Alaska Natives. The
prevalence of high BP as defined by ambulatory blood pressure monitoring (ABPM)—the
currently accepted reference standard—is unknown in the United States for the general
population.

Blood Pressure Measurement

Office-Based Blood Pressure Measurement

Office-based measurement of BP is the standard of care for initial screening. Measurement
methods include the manual auscultatory method using a stethoscope to detect Korotkoff sounds
or the oscillometric method where a pressure transducer assesses the oscillations of the pressure
in a cuff during gradual inflation or deflation. The diagnosis of hypertension typically involves a
confirmatory measurement of an initial elevated office BP measurement.

During office-based measurement, measurement accuracy depends on a considerable number of
patient-related, device-related, protocol-related, or observer-related factors.3! Additionally, BP
can increase substantially in the medical setting and in the presence of medical personnel.:
“White coat hypertension” refers to BP of untreated individuals that is in the hypertensive range
when measured in the clinic setting but not in that range when measured out of office.®?
Estimates from population-based samples of adults not treated for hypertension suggest that the
prevalence of white coat hypertension is 7.9 percent when defined by 24-h ABPM (calculated
from data reported by Conen and colleagues®). In untreated populations with previous office BP
elevation, the prevalence of white coat hypertension may be considerably higher (22.6% in an
international registry of hypertension clinics).3* One proposed approach is the use of automated
office BP (AOBP) during which repeated measurements are taken while the patient is alone in a
quiet room. 3%

The reverse phenomenon of white coat hypertension, sometimes called “masked hypertension,”
occurs in individuals whose BP levels are apparently nonhypertensive when measured at clinic
visits but are elevated when measured outside of the medical setting.’ Masked hypertension has
clinical significance as it has been associated with increased CV risk.® 3 A 2017 analysis has
estimated the prevalence of masked hypertension in the U.S. at 12.3 percent of the adult
population, or over 17 million adults.*® Masked hypertension is an important public health issue
as it represents the failure to identify individuals with increased CVD risk.

Out-of-Office Measurements for Screening Confirmation

To confirm a diagnosis of hypertension, many health systems recommend several office-based
blood pressure measurements performed on different days among patients with an initial elevated
blood pressure. Repeat office measurements tend to be lower than initial measurements, but are
subject to the same patient-related, device-related, protocol-related, and observer-related
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limitations as the initial measurement.’' Office-based confirmation also does not capture BP
variations throughout the day or during the course of a person’s normal activities. Major
guideline bodies and health systems are increasingly recommending the use of out-of-office
measurement to overcome some of the limitations of OBPM (Table 4).

Out-of-office methods for confirmation of hypertension include ambulatory BP monitoring
(ABPM) and home BP monitoring (HBPM). Kiosk-based blood pressure measurements are
another out-of-office measurement modality used for self-directed BP measurements in settings
such as pharmacies, although concerns have been raised about the validity of these devices*!
(Table 5). ABPM is considered the gold standard noninvasive blood pressure measurement,
providing the best predictive value for future CVD events.***> ABPM devices are small portable
machines connected to an upper arm cuff that record BP at regular intervals over 12 to 48 hours
while patients go about their normal activities, including sleep. Measurements are typically taken
at 20- to 30-minute intervals during the daytime period.’ Substantial variation exists in the level
of specificity among guidelines for the protocols that should be used for ABPM and HBPM
(Table 4). Screening intervals are increasingly addressed by guidelines, with a focus on risk-
based screening intervals or rescreening of individuals with white coat hypertension.

Some concerns exist about the calibration and validation of measurement devices. Device
manufacturers typically recommend regular calibration of oscillometric devices, including
ABPM .*? However, experts note that calibration rarely occurs; if at all, calibration may occur
only at large academic medical centers with access to clinical engineering support.*>: 44
Standardized protocols are not in place for calibration of HBPM devices once they have left the
manufacturer.®? In addition, systematic reviews have found that BP devices frequently have not
passed validation protocols, or have passed with protocol violations.* * The American Medical
Association is involved in ongoing efforts to develop a Validated Device Listing to help patients
and providers easily identify validated BP measurement devices.*

Previous USPSTF Recommendation and Current Clinical
Practice

2015 USPSTF Recommendation

In 2015, the USPSTF recommended screening for high blood pressure in adults age 18 years or
older and procurement of measurements outside of the clinical setting for diagnostic
confirmation before starting treatment.! This was an A recommendation, and the measurement
accuracy and modality components were new to the 2015 consideration of this topic. The
USPSTF found that elevated 24-hr ambulatory systolic blood pressure was consistently and
significantly associated with stroke and other cardiovascular outcomes, independent of office
blood pressure and with greater predictive value. Because of its large evidence base, ABPM was
considered the best confirmatory test for hypertension. The USPSTF stated that HBPM may also
be a reasonable confirmatory method but had less evidence to support its use.
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Current Clinical Practice in the United States

Blood pressure measurement techniques in current clinical practice vary substantially from
guideline-endorsed protocols. According to the 2016 National Ambulatory Medical Care Survey,
BP was measured in 65.9 percent of clinic visits by patients age 18 years or older in the United
States.*’ However, these measurements are often not taken in accordance with defined
measurement protocols.*®! Several studies have found that when routine office measurements
are repeated using recommended protocols, there are significant differences in BP values.*> >3
The reasons for not following recommended BP measurement guidelines in the office are likely
multifactorial and may include lack of information, training, and time.

Despite national guidelines recommending out-of-office confirmatory methods, survey data
suggest that this is not common in current practice, with surveys showing that out-of-office
measures are rarely ordered or available to clinicians.*>! Physicians have described a number of
barriers to ABPM, including challenges in accessing testing, costs of testing, concerns about
patient willingness to complete ABPM, and concerns about accuracy and benefit of ABPM.>*
Physician concerns regarding HBPM include: patient compliance with protocols, accuracy of
HBPM, out-of-pocket cost, and time to instruct patients on HBPM protocols.**

The Centers for Medicare & Medicaid Services (CMS) has covered ABPM since 2001 for
patients with suspected white coat hypertension.> Research has shown, however, that utilization
of the coverage was exceedingly low, with an estimated 0.1 percent of Medicare beneficiaries
having ABPM claims between 2007 and 2010, with some hypothesizing that the reimbursement
rate may be too low to encourage its use.*® > In July 2019, CMS expanded coverage of ABPM
to once per year in eligible beneficiaries with suspected masked hypertension, defined as those
with average OBPM between 120 mm Hg and 129 mm Hg for SBP or between 75 mm Hg and
79 mm Hg for DBP on two separate office visits, with at least two separate measurements made
at each visit, and with at least two measurements taken outside the office that are >130/80 mm
Hg.%® This coverage decision is consistent with AHA guidelines for screening for masked
hypertension. ' 32

Screening for Hypertension in Adults 5 Kaiser Permanente Research Affiliates EPC



Chapter 2. Methods

Scope and Purpose

Screening for hypertension in adults has been standard of care in the United States for decades,*
and the USPSTF has maintained an A recommendation for the service from its 1996 inception.®
60-63 Beginning with the 2015 evidence review,% the test accuracy of initial screening and
confirmatory measurements has been systematically reviewed as part of the USPSTF process due
to growing interest and availability of out-of-office blood pressure measurement modalities. The
USPSTF will use this review to update its 2015 recommendation statement on screening for
hypertension in adults, with a focus on test accuracy and identification of the best methods for
screening and confirmation of hypertension.!

Key Questions and Analytic Framework

In consultation with members of the USPSTF, we developed an analytic framework (Figure 1)
and four Key Questions (KQs) to guide our review.

1. Does screening for hypertension in adults improve health outcomes?

2. What is the accuracy of office-based blood pressure measurement (OBPM) during a single
encounter as initial screening for hypertension compared with the reference standard,
ambulatory blood pressure measurement (ABPM)?

a. What screening protocol characteristics define the best test accuracy?

3. What is the accuracy of confirmatory blood pressure measurement in adults who initially
screen positive for hypertension compared with the reference standard (ABPM)?
a. What confirmation protocol characteristics define the best test accuracy?

4. What are the harms of screening for hypertension in adults?

Changes in Scope From the Previous Review

Consistent with the previous review, we evaluated the test accuracy of initial screening for
hypertension and the test accuracy of confirmatory measurement in separate KQs. However,
some scope changes were made for the test accuracy questions in this update. For both initial
screening and confirmation questions, we required ABPM to serve as the reference standard.
Based on a finding from a systematically reviewed question in the last review that ABPM
predicts long-term cardiovascular outcomes independently of OBPM, the USPSTF determined
that ABPM should serve as the reference standard for blood pressure measurement.! This
prognosis question was not updated in the present review. Additionally, the previous review
systematically evaluated evidence on the appropriate rescreening interval for patients who had
been found to have normal blood pressure in previous screening. This question was also not
updated in the present review, but rescreening is addressed contextually in the Discussion
section.
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For the accuracy of confirmation question, we required studies to have a population whose
selection was based upon having elevated blood pressure previously, then had that entire pre-
selected population undergo another confirmation measurement and ABPM. The scope of all
questions was expanded to include individuals with diabetes as they comprise a substantial
proportion of patients seen in the primary care setting.

Data Sources and Searches

We conducted a search to identify literature published since the previous review for the USPSTF
through August 2019. We worked with a research librarian to develop our search strategy, which
included the following databases: MEDLINE, PubMed (published-supplied records only), the
Cochrane Central Register of Controlled Trials (CENTRAL), and the Cumulative Index of
Nursing and Allied Health (CINAHL) (Appendix A). Additionally, due to an expansion in the
scope of the current review to include individuals with diabetes, we performed a targeted search
of the bibliographic database for the previous review for terms related to this condition; this
database included results of a comprehensive literature search from 1992 through February 2014.

We evaluated all previously included studies from the prior review for the USPSTF as well as
studies that were previously excluded based on their reference standard or because the
populations included a large proportion with diabetes; these reflected areas of scope change in
this update. Additionally, we reviewed reference lists of other systematic reviews,® © individual
patient-data meta analyses,®’ recent guidelines® %8 and table-of-content alerts such as those
produced by the USPSTF Scientific Resource Center LitWatch activity to identify additional
studies not identified in our literature searches. We conducted ongoing surveillance through
March 20, 2020. We also searched ClinicalTrials.gov and WHO International Clinical Trials
Registry Platform (ICTRP), for relevant ongoing trials. We managed all literature search results
using EndNote™ version 7.3.1 (Thomson Reuters, New York, NY).

Study Selection

One investigator independently prescreened titles and abstracts of a subset of studies with
keywords (identified electronically) pertaining to an excluded setting, population, or condition in
the title, abstract, or keyword fields of EndNote (Appendix A Table 1). Abstracts deemed
potentially relevant during single review were advanced for dual review. Of the 21,741 citations
screened, 10,473 were prescreened by a single reviewer; of these, 297 were identified as
potentially relevant and moved forward for dual review. Two investigators independently
reviewed 544 full-text articles against prespecified inclusion criteria (Appendix A Table 2). We
used DistillerSR (Evidence Partners, Ottawa, Canada) to conduct abstract and full-text review.

Population

For all KQs, we required studies to be conducted in adults who were not already taking
antihypertensive medications, the reason being that treatment with antihypertensive medication
has been shown to reduce blood pressure variability, which would limit the generalizability of
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accuracy results in a screening population.®> 7° We accepted studies in which less than 20 percent
of the population was treated for hypertension; otherwise we required analyses to be stratified by
treatment status or when we were able to isolate results based on the untreated population. We
excluded populations derived from treatment trials or ABPM centers in which the population
was previously treated with subsequent wash-out period and the aim of the study was other than
test accuracy. We excluded studies specifically recruiting pregnant individuals, institutionalized
persons, inpatients, and persons with secondary hypertension. We excluded studies that enrolled
a highly selected group of participants, such as renal transplant recipients or those with chronic
kidney disease.

Eligible populations for KQ?2 (initial screening) were unselected, whereas KQ3 populations
(confirmatory screening) were preselected, with a criterion of at least one elevated BP
measurement identified by clinic-based screening. If a KQ3 population was described as being
“referred for ABPM,” we accepted this as relevant as long as no more than 20 percent of the
population was treated or results were stratified by treatment status. Unless an APBM registry
had the specific aim of screening, we considered an ABPM registry to be a preselected
population and thus appropriate for KQ3 (and not KQ2). We acknowledge that there is a wide
range of potential indications for ABPM and considered a lack of treatment a proxy for an
ABPM indication of confirmation of diagnosis.

Intervention and Comparators

For all KQs, we required BP measurements to be taken on the upper arm. Consistent with the
previous review, we excluded forearm cuffing as well as wrist, ankle, finger, and toe BP
monitors and measurements due to limitations in their accuracy.>? We also excluded any BP
measurement methods not commonly used in routine screening, such as invasive methods (e.g.,
intra-arterial measures) or noninvasive central BP measurements. For all KQs, we accepted any
SBP/DBP threshold (where either SBP or DBP or both are elevated), SBP-alone, or DBP-alone
threshold to diagnose hypertension (HTN) in order to be as inclusive as possible; however,
SBP/DBP thresholds were preferred because of their relevance to current clinical practice. We
also accepted any threshold for “elevated BP” to qualify for a confirmation study and abstracted
the threshold values as reported in these studies. However, for test accuracy questions, we did
not accept hypertension defined as use of anti-hypertension medication. AOBP was an eligible
type of OBPM for all KQs; descriptions of the conduct of AOBP were closely evaluated to
confirm whether the measurements were unattended by a clinician or other staff. When the
presence or absence of personnel during blood pressure measurement was unclear from the study
publication, we contacted the study’s corresponding author. Because of variation in the reporting
of AOBP protocols and device characteristics, we sought to consistently define measurement
methods by distinguishing who triggered the device and whether or not the measurement was
attended or unattended. For cases where serial measurements are triggered by the patient, this is
categorized as self~OBPM. If serial measurements are automated, we have categorized as AOBP.

For KQ1, we included RCTs that reported changes in health outcomes as a result of screening for
hypertension compared with no screening. Screening had to occur during a single encounter and
be performed by trained personnel. Screening could have been conducted as part of a
multicomponent CVD risk assessment as long as the blood pressure measurement was the
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primary intervention.

For KQ2, we included test accuracy studies that compared OBPM to an ABPM reference
standard for initial screening for hypertension using any common device or screening protocol as
long as it was office-based. We initially accepted only screening measurement(s) occurring at a
single encounter and then conducted a sensitivity analysis to include screening over multiple
visits based on practice guidelines.!® We accepted any ABPM method for the reference standard,
including 24-hr, daytime, and nighttime. We then conducted an exploratory analysis restricted to
the 24-hr ABPM reference standard. For KQ2a, we included studies reporting accuracy of
different OBPM protocol characteristics compared with an ABPM reference standard (e.g., more
vs. fewer OBPM measures, shorter vs. longer resting time or time between measures, different
sitting positions, attended vs. unattended measures).

For KQ3, we included test accuracy studies of clinic-based or out-of-office noninvasive blood
pressure measurement modalities to confirm an initial elevated blood pressure result compared
with any ABPM reference standard. As with KQ2, we conducted an exploratory analysis
restricted to 24-hr ABPM reference standards only. Eligible confirmatory methods included
repeated OBPM, HBPM, or kiosk (public use blood pressure stations). Eligible studies needed to
report a confirmatory measure and ABPM for participants with a previous elevated OBPM in
order to create a 2x2 table; studies only conducting ABPM in these participants were not eligible
as only a 1x2 table could be generated. For KQ3a, we included studies reporting accuracy of
different confirmation protocol characteristics compared with an ABPM reference standard (e.g.,
more vs. fewer days of HBPM).

For KQ4, we included RCTs comparing harms in screened versus unscreened groups as well as
RCTs and cohort studies that reported on the harms of screening, including absenteeism or any
psychological effects or changes in quality of life as a result of being labeled hypertensive. We
also included studies that examined the adverse effects of subsequent BP measurement methods
to confirm the initial diagnosis (i.e., ABPM or HBPM), such as sleep disturbance or discomfort
in continuously wearing a BP monitor.

Outcomes

For KQL1, eligible outcomes were: all-cause and cardiovascular mortality; cardiovascular disease
events, including myocardial infarction, sudden cardiac death, stroke, heart failure, and
hospitalization for coronary heart disease; symptomatic PAD; vascular dementia; end-stage renal
disease; and quality of life. For KQs 2 and 3, we required sensitivity, specificity, positive and
negative predictive values, or enough data to create 2x2 tables so sensitivity and specificity could
then be calculated. We excluded test accuracy studies only reporting kappas or other measures of
concordance but not sensitivity and specificity. KQ4 studies needed to report outcomes on the
harms of screening, which could include psychological effects of labeling, absenteeism, quality
of life, or tolerability of ABPM devices. For ABPM tolerability outcomes pertaining to sleep
disturbance, we required that measures use some type of comparator, such as a comparison to
usual sleep, to avoid bias from any poor general sleep outcome being attributed to ABPM.
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Setting

For KQs 1 and 2, to be included, studies must have been conducted in eligible primary care
settings, which we defined as sites with personnel trained in BP measurement, established BP
measurement protocols, and ongoing documentation procedures for each. For KQ2, studies that
recruited from workplace settings were eligible as long as OBPMs were conducted in an eligible
primary care setting. For KQ3, allowable settings also included those for out-of-office BP
measurement.

For all KQs, we excluded inpatient and residential facilities and restricted studies to those
conducted in countries rated as “Very High” on the 2015 Human Development Index."*

Study Design

For KQ1, we included RCTs and CCTs of screening compared with no screening. For KQs 2 and
3, We accepted test accuracy studies comparing an initial or confirmatory BP measurement
modality compared with an ABPM reference standard. For KQ4, we accepted RCTs, CCTs, and
cohort studies for the outcomes of quality of life, physiological effects of labeling, and
absenteeism; for the outcome of ABPM tolerability we additionally allowed cross-sectional
studies given that tolerability was measured at one point in time.

Individual patient-data meta-analyses and registries were evaluated for inclusion. We required
contributing populations to these studies to meet our other inclusion criteria, and we carefully
evaluated their source populations to ensure that they did not overlap with populations in other
included studies to avoid duplication. Publications from the International Database on
Ambulatory Blood Pressure in Relation to Cardiovascular Outcomes (IDACO) were ultimately
excluded because several contributing cohorts conducted OBPM during home visits, which did
not meet our setting criteria.3% 38 7. 72 Additionally, several cohorts were from non-very-High
HDI countries. Similarly, the Ambulatory blood pressure Registry TEleMonitoring of
hypertension and cardiovascular rISk (ARTEMIS) was excluded because contributing
hypertension clinics included those from non-very-High HDI countries, and furthermore, we
concluded that there was overlap with already included populations based on the author list.>*
We prioritized the individual primary publications which reported additional protocol details
which could be used for critical appraisal and data abstraction. Two other registries met inclusion
criteria for KQ3—the Spanish ABPM Registry and the Korean ABPM Registry for Evaluation of
the Prognostic Threshold in Hypertension (Kor-ABP).” 74

Quality Assessment

Two reviewers critically appraised articles meeting inclusion criteria. We assigned each study a
quality rating of “good,” “fair,” or “poor” according to the USPSTF’s study design-specific
criteria.”> We supplemented these criteria with items from the Newcastle-Ottawa Scale for cohort
studies’® and the Quality Assessment of Diagnostic Accuracy Studies for studies of test
accuracy’’’® (Appendix A Table 3). Disagreements were resolved by consensus and, if needed,
consultation with a third independent reviewer. Because of several important changes to the
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scope of test accuracy KQs in this update (KQ2 and KQ3), we repeated critical appraisal of
previously included test accuracy studies. Critical appraisal of previously included studies was
carried forward from the previous review for KQ1 and KQ4 because there were no changes to
the scope of these questions and this was an update of our own work. Detailed methods for
quality rating of test accuracy studies are available in Appendix A.

Data Abstraction

For studies about the benefits and harms of screening (KQs 1 and 4), we extracted details about
each study’s design (e.g., recruitment and inclusion criteria, number of participants recruited and
analyzed); patient characteristics (e.g., age, sex, race/ethnicity, comorbidities and CVD history,
baseline blood pressure); and intervention characteristics and control groups. Outcomes specified
in inclusion criteria were abstracted.

For test accuracy studies (KQs 2 and 3), we extracted details about each study’s screening test
(e.g., device, number of blood pressure measurements, other protocol characteristics);
recruitment and inclusion criteria; number of participants approached and analyzed; patient
characteristics (i.e., age, sex, race/ethnicity, comorbidities and CVD history, and baseline blood
pressure); reference standard details; and diagnostic outcomes (i.e., contingency table,
sensitivity, specificity, positive and negative predictive values, and area under the curve).
Outcomes from multiple clinically relevant diagnostic thresholds were abstracted if reported. We
contacted authors for additional information about protocol characteristics or diagnostic
thresholds if information was missing or unclear.

Data Synthesis and Analysis

KQs 1 and 4 (Benefits and Harms of Screening)

For KQs 1 and 4, we described results qualitatively because of the small number of included
studies.

KQ2 (Test Accuracy of Initial Screening Using OBPM)

Our primary outcomes of interest were sensitivity, specificity, positive predictive value, and
negative predictive value. We synthesized results in summary tables and figures organized by
ABPM method and OBPM and ABPM diagnostic threshold. Test performance was either
directly extracted from individual study results or calculated using study-reported contingency
tables compiled from study-reported data.

For KQ2, our main analysis was a quantitative synthesis of test performance of OBPM using any
ABPM modality as the reference standard. We pooled reference standards using 24-hr, daytime,
and combinations of 24-hr and daytime ABPM together based on findings from the previous
review that the prognostic value of different ABPM time periods to predict CVD events is
similar, after adjusting for OBPM.*° That finding was also the basis for allowing all ABPM
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reference standards in our review’s inclusion criteria. When a study reported both 24-h and
daytime ABPM as the reference standard, we preferentially included 24-h ABPM in our meta-
analysis because this method includes more measures. Studies using nighttime ABPM as a
reference standard were eligible, but no study exclusively used this method. We conducted
exploratory analyses restricting to studies using a 24-h ABPM reference standard.

In our gquantitative pooling, we only included studies that used both SBP and DBP in their
definition of hypertension because of relevance to current clinical practice. Studies using
thresholds based on SBP alone or DBP alone are discussed separately in the results. While we
extracted data from multiple thresholds if reported, we preferentially selected those for pooling
that are based on international guidelines,3? 3 %879 which include 140/90 mm Hg for OBPM,
135/85 mm Hg for daytime ABPM, and 130/80 for 24-h ABPM. Because there was some
variability of thresholds, we established a priori that we would pool thresholds within 0.5
standard deviation of the preferred threshold. We established the standard deviation of blood
pressure using results from a large individual patient-data meta-analysis of population-based
studies conducting both OBPM and ABPM in untreated populations (Appendix A Table 4).38
No studies were excluded from quantitative synthesis on this basis. We acknowledge that the
ACC/AHA currently recommends OBPM of 130/80 mm Hg as a threshold to diagnose
hypertension.® We planned to include and discuss test accuracy studies using this threshold;
however, none were reported in the primary literature for KQ2.

In our quantitative analysis, we included studies measuring OBPM at one visit only. Two studies
measuring blood pressure at multiple visits were included in a sensitivity analysis.®* 8 KQ2a
examines differences in accuracy within studies when multiple protocols are reported. This
question was synthesized qualitatively due to a small number of studies and heterogeneity in the
types of protocol differences evaluated.

We used a bivariate model for quantitative synthesis, which modeled sensitivity and specificity
simultaneously, thus accounting for the correlation between these variables. One study reported
insufficient data for this approach and was not included in pooled analyses.®? We used visual
inspection of forest plots arranged by various study, population, and test characteristics to
explore heterogeneity. No discernible patterns were identified. The I? statistic and accepted
thresholds (which purposefully overlap) were used to interpret statistical heterogeneity, where 30
to 60 percent may represent moderate heterogeneity, 50 to 90 percent may represent substantial
heterogeneity, and 75 to 100 percent shows considerable heterogeneity.®

In our Discussion section, we present a hypothetical population of 1,000 individuals to illustrate
the flow and clinical consequences of screening using our pooled sensitivity and specificity for
initial and confirmatory screening. We additionally estimated how confidence interval upper and
lower bounds would alter positive and negative predictive values (PPV and NPV). PPV and NPV
were calculated by applying pooled sensitivity and specificity point estimates to the prevalence
of hypertension as defined by 24-h ABPM in three age strata from the International Database on
Ambulatory blood pressure in relation to Cardiovascular Outcomes (IDACO).3® These
international prevalence estimates were used because U.S. population-based prevalence
estimates of hypertension as defined by ABPM are not available. Additional limitations of U.S.
epidemiologic data on the prevalence of hypertension include condition definitions that also
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include treatment and would thus not reflect a screening-relevant population, and use of self-
report instead of measured blood pressure.848°

KQ3 (Test Accuracy of Confirmatory BP Measurement)

Analyses were stratified by type of confirmatory measure: repeat OBPM, HBPM, “self-OBPM,”
AOBP, and kiosk. Data were sufficient for quantitative syntheses for OBPM and HBPM
modalities only; other modalities were qualitatively synthesized. Decisions regarding preferred
thresholds for OBPM and ABPM are the same as for KQ2. For HBPM, our preferred threshold
was >135/85 mm Hg, based on its correspondence to the most commonly reported OBPM
threshold of 140/90 mm Hg.°

We used Stata version 15.1 (StataCorp LP, College Station, TX) for all analyses. All significance
testing was two-sided, and results were considered statistically significant if the p-value was 0.05
or less.

Grading the Strength of the Body of Evidence

We graded the strength of the overall body of evidence for each KQ. We adapted the Evidence-
based Practice Center approach,®” which is based on a system developed by the Grading of
Recommendations Assessment, Development and Evaluation (GRADE) Working Group.8 Our
method explicitly addresses four of the five Evidence-based Practice Center-required domains:
consistency (similarity of effect direction and size), precision (degree of certainty around an
estimate), reporting bias (potential for bias related to publication, selective outcome reporting, or
selective analysis reporting), and study quality (i.e., study limitations). We did not address the
fifth required domain—directness—as it is implied in the structure of the KQs (i.e., pertains to
whether the evidence links the interventions directly to a health outcome).

Consistency was rated as reasonably consistent, inconsistent, or not applicable (e.g., single
study). Precision was rated as reasonably precise, imprecise, or not applicable (e.g., no
evidence). Reporting bias was rated as suspected, undetected, or not applicable (e.g., when there
is insufficient evidence for a particular outcome). Study quality reflects the quality ratings of the
individual studies and indicates the degree to which the included studies for a given outcome
have a high likelihood of adequate protection against bias. The body-of-evidence limitations
field highlights important restrictions in answering the overall KQ.

We graded the overall strength of evidence as high, moderate, or low. “High” indicates high
confidence that the evidence reflects the true effect and that further research is very unlikely to
change our confidence in the estimate of effects. “Moderate” suggests moderate confidence that
the evidence reflects the true effect and that further research may change our confidence in the
estimate of effect and may change the estimate. “Low” indicates low confidence that the
evidence reflects the true effect and that further research is likely to change our confidence in the
estimate of effect and is likely to change the estimate. A grade of “insufficient” indicates that
evidence is either unavailable or does not permit estimate of an effect. Two independent
reviewers rated each KQ according to consistency, precision, reporting bias, and overall strength
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of evidence grade. We resolved discrepancies through consensus discussion involving more
reviewers.

Expert Review and Public Comment

The draft Research Plan was posted for public comment on the USPSTF Web site from June 7,
2018, to July 5, 2018. The USPSTF received comments regarding the selection of outcomes, the
importance of addressing the prevalence and prognosis of both masked and white coat
hypertension, and the categories of blood pressure identified in the Analytic Framework. In
response, the USPSTF added symptomatic peripheral artery disease and vascular dementia as
health outcomes and retained end-stage renal disease as the renal outcome. The USPSTF also
added a contextual question about the prevalence and prognosis of white coat hypertension. One
organization suggested adding more blood-pressure classification categories to the Analytic
Framework. The USPSTF kept the dichotomous classifications of “normal” and “elevated blood
pressure,” referring to the initial office-based screening step, without limiting included studies to
specific thresholds. A draft version of this report was reviewed by five invited experts and two 2
USPSTF Federal Partners. Experts were selected based on their expertise in fundamental
methodologic and content aspects of the review (i.e., blood pressure measurement modalities,
test accuracy, CVD epidemiology and population health) and were selected to obtain diverse
informed perspectives, including those of professional organizations. Reviewer comments were
presented to the USPSTF during its deliberations and subsequently addressed in revisions of this
report. Based on reviewer comments, methods and discussion text around AOBP were extended,
selected Introduction text was edited for clarity, and additional assumptions and clarifications
related to figures were added. Additionally, a draft of this report was posted for public comment
on the USPSTF Web site from May 26, 2020 to June 23, 2020.

USPSTF Involvement

We worked with four USPSTF members at key points throughout this review, particularly when
determining the scope and methods and developing the Analytic Framework and KQs. The
USPSTF members approved the final Analytic Framework, KQs, and inclusion and exclusion
criteria after revisions were made that reflected responses to the public comments. AHRQ funded
this review under a contract to support the work of the USPSTF. An AHRQ Medical Officer
provided project oversight, reviewed the draft report, and assisted in the external review of the
report.
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Chapter 3. Results

Literature Search

We reviewed 21,741 abstracts and assessed 544 full-text articles for inclusion (Appendix B
Figure 1). Overall, we included 52 studies (reported in 81 articles), representing over 215,000
adults. For KQ 1, we included one study (4 articles); for KQ 2, 20 studies (34 articles); for KQ 3,
18 studies (28 articles); and for KQ 4, 13 studies (16 articles). Thirty-five studies were newly
identified in this update, and 18 were carried forward from the preview review.

The lists of included studies and excluded studies (with reasons for exclusion) are available in
Appendix C and Appendix D, respectively. Among all KQs, seven studies (reported in 14
articles) were excluded for poor quality and these were all studies of test accuracy. In brief,
major risks of bias included a lack of independence between index and reference standards,
inappropriate exclusions of participants that would bias accuracy, and unclear or potentially
biased participant recruitment methods (Appendix A Table 3).

KQ1. Does Screening for Hypertension in Adults Improve
Health Outcomes?

Summary of Results

There were no population-based hypertension screening trials. One community-based cluster
RCT included in the previous review reported that a multicomponent CVD health promotion
program was associated with a reduction in the trial’s primary composite outcome (hospital
admissions for acute MI, CHF, or stroke) at one year follow up.

Detailed Results

There were no population-based screening trials examining the effectiveness of hypertension
screening compared with no screening. We identified one good-quality community-based cluster
RCT (reported in 4 articles) conducted in Canada examining the effectiveness of a
multicomponent CVD health promotion program on CVD health outcomes when hypertension
screening was the primary intervention (Appendix E Tables 1 and 2).%° The trial comprised 39
clusters and evaluated 140,642 community members; 15,889 unique participants received a total
of 27,358 assessments in the intervention group. This study was also included in the previous
review. The community clusters received either the CHAP Cardiovascular Health Awareness
Program (CHAP) intervention or no intervention. In the CHAP communities, residents age 65
and older were invited to participate in community pharmacy-based BP screenings using an
automated instrument (BpTRU®, VSM MedTech, Coquitlam, BC) and complete a standardized
risk profile. Blood pressure measurement in this trial could be categorized as an attended AOBP
measurement. Intervention participants received their risk profile, risk-specific educational
materials, and information about local community resources. An on-call nurse reassessed
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participants with very high blood pressures (i.e., SBP of 180 or DBP of 110 mm Hg). Blood
pressure and risk assessment results were communicated with the participants’ family physicians.
The entire program duration was 10 weeks. The mean age of participants was 74.8 years, and
57.2 percent were women. Twelve percent of the participants had a previous history of
congestive heart failure (CHF), and 22 percent had diabetes. The primary composite outcome
was the relative change in the mean annual rate of hospital admissions for acute MlI, CHF, or
stroke in all community residents age 65 years or older in the year before compared with the year
after CHAP implementation. The intervention communities had a 9 percent relative reduction in
the number of hospital admissions per 1,000 for composite events (rate ratio 0.91 [95% CI, 0.86
to 0.97]). There were 3.02 fewer annual hospital admissions for CVD per 1,000 people in the
intervention group compared with the control group. For hospitalizations due to individual
components of the composite outcome (M, CHF, stroke), there was a statistically significant
reduction seen in admissions due to Ml (rate ratio 0.87 [95% CI, 0.79 to 0.97]) and CHF (rate
ratio 0.90 [ 95% CI, 0.81 to 0.99]). When analyzed by number of residents (instead of by number
of hospital admissions), the composite outcome did not have a statistically significant difference
(rate ratio 0.95 [95% ClI, 0.89 to 1.02]), and MI was the only component of the composite that
showed statistically significant benefit (rate ratio 0.89 [95% ClI, 0.79 to 0.99]). There were no
statistically significant differences in all-cause mortality (rate ratio 0.98 [95% CI, 0.92 to 1.03]))
or in-hospital CV mortality (rate ratio 0.86 [95% CI, 0.73 to 1.01]). Initiation of antihypertensive
treatment was 10 percent higher in the intervention group compared with the control group (rate
ratio 1.10 [95% ClI, 1.02 to 1.20]).

This large cluster RCT was rated good quality.® While the intervention primarily included
systematic hypertension screening, other interventions including risk assessments, education, and
self-management likely contributed to the health benefits achieved in the trial. Overall, risk of
bias was low for all domains of critical appraisal: randomization, intervention fidelity, attrition,
and outcome reporting. Trial limitations included short 10-week intervention and 1-year
followup times; furthermore, the outcome measures were derived from administrative records
which inherently present some validity concerns although would not have systematically biased
results in favor of either study group.

KQ2. What Is the Accuracy of OBPM During a Single
Encounter as Initial Screening for Hypertension Compared
With the Reference Standard, ABPM?

Summary of Results

We identified 20 fair- to good-quality studies (reported in 34 articles) (N=12,614) examining the
test accuracy of office-based blood pressure measurement (OBPM) for initial screening for
hypertension compared with an ambulatory blood pressure measurement (ABPM) reference
standard.50-8% 90-120 A]] studies are newly included in this update because of the new requirement
in this review to have an ABPM reference standard.

Meta-analysis of 15 studies using SBP/DBP thresholds and measuring blood pressure at one visit

Screening for Hypertension in Adults 16 Kaiser Permanente Research Affiliates EPC



(N=11,309) showed a pooled sensitivity of 0.54 (95% CI, 0.37to 0.70) and a pooled specificity
of 0.90 (95% CI, 0.84 to 0.95). Substantial clinical and methodologic heterogeneity among the
included studies contributed to considerable statistical heterogeneity not explained by any single
participant or test characteristic (Figure 2). Among this set of studies, positive predictive values
ranged widely, from 0.35 to 0.97, and negative predictive values ranged from 0.25 to 0.97. False
positive and false negative rates likewise ranged widely and were as high as 30 percent for false
positive rates and 100 percent for false negative rates (FPR 0 to 30%; FNR 8 to 100%). Evidence
for this key question is derived primarily from population-based samples in which participants
represent a wide range of demographic and clinical characteristics, including a large range of
blood pressures. Index test measurement protocols were heterogeneous and deviated somewhat
from commonly performed protocols in U.S. practice in that studies mostly used a mercury
sphygmomanometer, had participants rest for 5 minutes prior to measurement, and used the
average of multiple measurements.

Study and Population Characteristics

Included studies were most commonly community-based samples and were conducted in a
variety of countries (Table 6; Appendix E Table 3). Five studies were conducted in the U.S.,2*
90,100, 103, 104 two studies each were conducted in Belgium,®® 1% Italy,% 101 and Japan,® °€ and one
study each was conducted in Australia,® Canada,'®? Denmark,®* Finland,® France,® Ireland,*
Poland,'% Russia,”” and the United Kingdom.®? Fourteen studies recruited participants from the
community;8%: 90, 92-96, 98, 100-102, 104-106 thyree studies recruited from primary care;8% %% one
recruited from both the community and primary care; one recruited participants from local
businesses and colleges;®” and one recruited employees from multiple organizations.%

Participants in included studies exhibited a wide range of demographic and clinical
characteristics (Table 6). The number of participants in the studies used for this analysis, which
focused on untreated populations, ranged from 65 to 2,955.1%! Participant ages ranged from 14
years to 102 years, with mean age ranging from 25.6 years®’ to 70 years.® Percent female ranged
from 37.9 percent® to 72.3 percent.®® Only nine of 19 studies reported race/ethnicity. Of those,
four studies were conducted with 100 percent white populations®: % 105106 gnd one study, the
Jackson Heart Study, had a 100 percent black population.’® Less than 10 percent of participants

reported history of MI, CVA or previous CVD at baseline in the 11 studies reporting this
characteristic.81' 82,91, 92, 94-97, 99, 103, 104

Mean sitting office SBP ranged from 109.1 mm Hg*® to 136.7 mm Hg®! and mean office DBP
ranged from 68.8 mm Hg'% to 84.3 mm Hg.!% For both SBP and DBP, the lowest values were
from young populations with mean ages of 30 or less years;%? 115 the highest blood pressures
were from a French sample of 65-year-old people in whom the measurement was taken in the
supine position.%

Index Test Characteristics

Included index tests applied a wide range of protocols and devices (Table 7). The office-based
blood pressure measurement devices in the majority of the studies (14 of 20) used the
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auscultatory method,8 81 90-94, 96-98, 101, 103-105 \yhjle a few studies used the oscillatory method.8?
95,199,100, 102,106 AI| devices using the auscultatory method were manual, with the exception of an
automatic device using the microphone method in one study.®® Other manual devices were
mercury sphygmomanometers, used in 11 studies,8 81 90-93, 97,98, 101, 103,105 g random-zero
mercury sphygmomanometers, used in two studies.®* % The remaining seven studies used
automated devices.82 95 9. 99.100,102,106 A included studies had attended measurements. One
study by Gill and colleagues® could be considered attended AOBP as it used a fully automated
BPTru device with a preprogrammed set of 6 measurements.

Per inclusion criteria, all initial blood pressure screening measurements occurred in office-based
settings. We initially included only screening protocols occurring at one clinical encounter;
however, we later expanded our criteria to include studies measuring blood pressure over
multiple visits to be consistent with guidelines.'® 2! Two additional studies were included based
on this expansion; these were included in the sensitivity analysis. One measured blood pressure
over three visits occurring at 1-week intervals,®® and the other measured blood pressure at four
visits occurring over a 3-week period.8! Several studies measured blood pressure over several
visits but reported accuracy for protocols using measures from just the first visit as well as
multiple visits;®? 102 193 the comparative accuracy of different protocols is discussed further in
KQ2a. The number of measurements used to calculate blood pressure ranged from one®? to
nine® 1% put was most commonly two (9 studies).%>7 99 100,104 Tynjcally, all measures were
averaged to calculate the blood pressure value, but in some studies the first measurement was
dropped before calculating the mean.8 99-101

For most protocol characteristics, there was wide variation in the specificity of the index test-
protocol description (Table 7). More than half of studies did not report which arm was used for
blood pressure measurement,% 90 92-96, 102,103, 105,106 g arm position was rarely noted. None of
the studies reported whether the cuff was placed over clothing or bare skin. Eight studies
reported no information about cuff size, 82 92 95-97. 99,102,106 \yhjle the remaining studies provided
some variable detail on cuff-size8 81 0. 91, 93, 94, 98, 100, 101, 103-105 |y two studies reported leg
position; both reported leg position as flat feet on the floor'® %4 and one further specified
uncrossed legs.1* The protocol characteristics of body position, resting time, and attendance of
measurements (i.e. presence of personnel during measurement) were well reported and showed
similarities spanning all studies, including use of the seated position and resting time that was
most commonly 5 minutes or at least 5 minutes.82 90. 91 94,95, 98-101, 103-105 Aypjdance of distraction
was mentioned in a few studies; two studies noted that the rest period was quiet,> 1t and one
study specifically instructed observers not to speak during blood pressure measurements.1%2
Blood pressure measurements in all studies were attended by the personnel performing
measurements, but there was a wide variety of personnel taking measurements, including
physicians,®? % % participants’ usual primary care physicians,® cardiologists,®” nurses or
research nurses,8t 82.90.93.105 n,rses or technicians,®: 193 research assistants,® or trained and
certified staff without further specification.1% 1% Most commonly, studies did not report how
personnel were trained or noted only that personnel were trained.

Studies most commonly used an office BP of >140/90 mm Hg as the diagnostic threshold for the

index test (15 of 20 studies).81 90 91, 94-101, 103106 Apy additional two studies used a threshold of
140/90 mm Hg; however, it was not reported whether the threshold was operationalized as
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greater than or equal to 140/90 mm Hg or greater than this value.®% 8 Of the studies using a
combination SBP/DBP threshold, only one did not use a cutpoint of 140/90 mm Hg; instead it
used thresholds of >150/90 mm Hg and >160/95 mm Hg.*® Several studies also reported
accuracy for other thresholds in addition to >140/90 mm Hg (i.e., > or >120/80 mm Hg®" 1% and
>130/85 mm Hg'%). Two studies used SBP-alone or DBP-alone thresholds.%? %2 One study*®
reported accuracy for an OBPM threshold of >130/80 mm Hg, the diagnostic threshold
recommended in the 2017 ACC/AHA guideline.'® However, because this study reported
accuracy compared to a reference standard threshold that was also lowered, no information is
available about the comparative accuracy of >130/80 mm Hg vs >140/90 mm Hg using the same
reference standard threshold.

Reference Test Characteristics

While all but one study%? reported that 24-h ABPM was conducted, most studies (k=13) used
daytime ABPM as their reference standard (Table 7). Seven studies used 24-h ABPM as the
reference standard,8% 94-9. 98.99.101 and fjve studies used combination thresholds for 24-h,
daytime, and/or nighttime, and required one period to be abnormal to diagnose hypertension.& %
97,99,106 Eoyr studies reported results for multiple reference standard tests (e.g., daytime and 24-h
ABPM).8O’ 94, 96, 99

Consistent with guidelines,®% > .7 the diagnostic threshold most commonly used for daytime
ABPM was >135/85 mm Hg.8% 90. 91,93,94,99,100, 102-105 Tyy0 studies used a daytime ABPM
cutpoint of >140/85 mm Hg,®! % while another used a daytime ABPM cutpoint using systolic
blood pressure only (SBP >135 mm Hg).% The 24-hr ABPM threshold values showed more
variation, with thresholds ranging from >125/79 mm Hg® %! to >140/90 mm Hg.%° The
remaining studies used combination definitions for hypertension involving blood pressure
elevation for 24-hr, daytime, and/or nighttime with various thresholds.8% °7- %% 1% Three studies
reported multiple thresholds for the same type of ABPM,80: 100,101

Timing to start daytime ABPM measurement varied, but nearly all studies reported beginning
times of 0600 to 1000 and ending times ranging from 2000 to 2300.81: 82, 91, 93,101, 104-106
Measurements occurred every 15 to 30 minutes during the daytime period and 15 to 60 minutes
during the nighttime period. Most studies (k=13) required a minimum number of measurements
to consider the ABPM complete. 80 82 90, 92,94, 96, 98-101, 104-106 \jost commonly, ABPM values were
determined by calculating simple means,20-82. 90, 92, 95-98, 101-104, 106 jy;t i some cases, means were
Weighted.gl' 93, 94, 100, 105

Other protocol details about the arm measured, cuff size, and instructions provided to
participants were sparsely reported.

Quality

Only one of the included studies was rated as good quality.®® This study was a random
population-based sample of residents of an Italian town with low risk of bias for all four domains
evaluated during critical appraisal. Several studies had at least medium risk of bias for patient
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selection, conduct of the index test, and conduct of the reference test. Fifteen of the 20 included
studies had medium risk of bias in the domain of patient selection.8% 82 90.93,97,103,106 t hjgh94-96,
99-102, 104 potential for bias for the patient selection domain was introduced because of lack of
reporting of initial recruitment strategy®® %0 97. 103,106 or self- or clinician-selected volunteers,8 82
99,100 or pecause the sample was a subset of a larger population without details of how the subset
was achieved or without assurance that the subsample was representative of larger population.®-
95,101, 104 5ome studies excluded participants with higher blood pressures®®® or those on
cardiovascular medications,'°? which may have removed higher risk participants from samples,
potentially underestimating accuracy. Studies rarely provided details on all relevant OBPM
protocol characteristics; however, most studies reported sufficient detail to achieve a low risk of
bias for this domain. Six studies had medium risk of bias for conduct of the reference test
because they did not report fidelity to the gold-standard ABPM measurements (e.g., there were
no reports of minimum required ABPM measurements or mean number of ABPM values
obtained)8% 9% 93.95.97.102 o jssyes with calibration and use of visual inspection of ABPM
reports.® Five studies had medium risk of bias for the patient flow domain due to lack of

reporting about the nature of missing data or disproportionate exclusions from data analysis.8 %
93, 94, 105

Detailed Results

Prevalence and Screen Positivity

The prevalence of hypertension as defined by ABPM in the included studies reflected population
heterogeneity and ranged from 12.6 percent®” to 88.9 percent.® Percent positive screens defined
by elevated OBPM ranged from 0 percent® in the cardiology outpatient setting with young
participants (mean age 25.6 years) to as high as 62.5 percent’® in a study of African-American
and white men and women (aged 48 to 60 years old) (Table 8).

Sensitivity/Specificity

Meta-analysis of 15 studies reporting SBP/DBP thresholds (N=11,309) showed a pooled
sensitivity of 0.54 (95% CI, 0.37 to 0.70) and a pooled specificity of 0.90 (95% CI, 0.84 to 0.95)
with considerable heterogeneity (12 sensitivity=97.8%; 12 specificity=96.7%) (Figure 2; Table
8). Sensitivity varied widely among pooled studies. The lowest sensitivity was 0.00 in a sample
of young participants (mean age 25.6 years) where 0 percent had a positive screen by OBPM, but
12.6 percent had hypertension by daytime or nighttime ABPM.®” The highest sensitivity was
0.92 reported in a large population-based study conducted in an Italian town with mean age of 49
years.'%! Specificity varied less among pooled studies. The lowest specificity of 0.70 was
reported in a study of adults 60 years or older recruited from primary care in Belgium, of whom
42.8 percent had a positive screen by OBPM.%! The highest specificity of 1.00 occurred in a
sample of young adults of whom 0 percent had a positive screen by OBPM—this is the same
study that reported a sensitivity of 0.00.%

Five studies did not contribute to the meta-analysis. The study by Gill and colleagues® could not

be included due to insufficient reporting; results for sensitivity were within the confidence
intervals of the pooled analysis, but specificity was lower [0.74 (95% CI, 0.66 to 0.82)]. Two
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studies reported SBP-only or DBP-only thresholds that are not relevant to current clinical
practice and showed widely varying accuracy.®? 192 Based on recommendations from ACC/AHA
to average measurements obtained on at least two visits,'* 32 we conducted a sensitivity analysis
to add two studies measuring blood pressure at three or four visits.8% 8! This sensitivity analysis
rendered the same point estimate, but with slightly narrower confidence intervals (sensitivity:
0.53 [95% Cl, 0.37 to 0.68]; specificity: 0.91 [95% CI, 0.85 to 0.95]) (12 sensitivity=97.5%; 12
specificity=96.8%)]. Exploration of heterogeneity using visual inspection of forest plots did not
yield any decisive trends regarding participant or index test characteristics.

We conducted an exploratory analysis restricted to the preferred 24-h ABPM modality. Meta-
analysis of 6 studies with a 24-hr ABPM reference standard (N=7,845) showed a pooled
sensitivity of 0.72 (95% CI, 0.58 to 0.84) and specificity of 0.83 (95% ClI, 0.78 to 0.88), again
with considerable statistical heterogeneity (I sensitivity=98.2%; 12 specificity=96.9%)
(Appendix F Figure 1). While the point estimate for sensitivity of OBPM compared to the 24-h
ABPM reference standard was higher when compared to the sensitivity against all ABPM
reference standards (0.72 vs 0.53), confidence intervals did overlap, as they did for specificity.
Furthermore, we consider this analysis exploratory as there exists population heterogeneity in
addition to reference standard heterogeneity in these studies, and this represents a subset of less
than half of the studies included in our main analysis. Three studies reported results for the
accuracy of OBPM versus both 24-h and daytime ABPM reference standards.® % % Differences
in accuracy of OBPM when compared with 24-hr and daytime ABPM reference standard showed
no consistent pattern.

Four studies reported results for multiple OBPM thresholds.% 97 192.103 These studies
consistently showed increased sensitivity and decreased specificity as thresholds are lowered.
For example, in the study by Shimbo and colleagues,'% which reported OBPM thresholds of
>140/90 mm Hg, >130/85 mm Hg, and >120/80 mm Hg, the respective sensitivities and
specificities were: 0.33 and 0.97, 0.56 and 0.87, and 0.84 and 0.63. One study® reported
accuracy for an OPBM threshold of >130/80 mm Hg but also lowered the reference standard
(daytime ABPM) to >130/80 mm Hg with a resulting sensitivity of 0.56 (95% CI, 0.50 to 0.61)
and specificity of 0.89 (95% CI, 0.83 to 0.93).

No studies reported the area under the curve.
Positive Predictive Value/Negative Predictive Value (PPV/NPV)

For studies using SBP/DBP thresholds and in which measurement occurred at one visit, PPV
ranged widely from 0.35 to 0.97. The lowest PPV of 0.35 is from a community-based study in
Japan where 19.4 percent screened positive by OBPM and 13.9 percent were hypertensive based
on 24-h ABPM.% The highest PPV of 0.97 is from a subset of the CARDIA study (n=432),}® a
U.S. community-based trial where 62.5 percent screened positive by OBPM and 88.9 percent
were hypertensive based on Daytime ABPM. NPVs were less variable and ranged from 0.25 to
0.97 among studies using SBP/DBP thresholds and where measurement occurred at 1 visit. The
NPV of 0.25 was from a community-based study in the U.S. where 62.5 percent screened
positive on OBPM and 88.9 percent were hypertensive based on a 24-h ABPM threshold of
>135/85 mm Hg. The NPV of 0.97 was from a large community-based study conducted in Italy
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where 34.6 percent screened positive on OBPM and 27.7 percent had hypertension based on a
24-h ABPM threshold of >130/80 mm Hg.1%

False Positive Rates/False Negative Rates (FPR/FNR)

For studies using SBP/DBP thresholds and in which measurement occurred at a single visit, false
positive rates had a wide range among studies. The lowest occurrence of false positives, 0
percent, occurred in a study of young participants (mean age 25.6 years) in which no one
screened positive by OBPM >140/90 mm Hg and the protocol involved 2 measurements after a
20 minute rest period.®” The highest false positive rate, 30 percent, occurred in a cohort recruited
from primary care in Belgium; the mean age was 70 years and the mean OBPM was 136.7/76.2
mm Hg.%! The protocol in this study averaged three readings after a rest period of at least 5
minutes.

False negative rates showed a similar wide range among included studies. The lowest false
negative rate of 8 percent was reported in a large, Italian, community-based study in which the
mean age was 49.0 years and the mean OBPM was 124.3/77.3 mm Hg.1%* The protocol in this
study used the mean of second and third measurements on both arms after 5 minutes rest. The
highest false negative rate, 100 percent, occurred in the study with young participants described
above where no one screened positive by OBPM >140/90 mm Hg.%’

KQ2a. What Screening Protocol Characteristics Define the
Best Test Accuracy?

Summary of Results

Only four of the 20 included KQ2 studies compared the accuracy of different protocols in a
single study.8% 97.102.103 Three studies reported accuracy for protocol variations using different
numbers of measures and visits and showed mixed results: two studies showed no difference in
accuracy,'%2 103 while one study showed a higher sensitivity and lower specificity with single
compared with multiple measurements.®2 One unique study reported that adding a breath-holding
maneuver to a blood pressure measurement protocol improves overall accuracy of screening in a
young population, with substantially higher sensitivity and slightly lower specificity, but these
results have not been replicated.®’

Detailed Results

Substantial clinical and methodological heterogeneity among the 20 included studies precluded
analysis of protocol differences among studies as explanations for differences in accuracy. Four
of the 20 included KQ?2 studies reported within-study comparisons of protocol characteristics on
accuracy®? 97102103 (Taple 7; Appendix E Table 4). Overall, results of the three studies that
evaluated the effect of additional measurements from additional visits were mixed, showing
either no difference in accuracy or higher sensitivity and lower specificity with single compared
with multiple measurements,82- 102, 103
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Three studies reported accuracy for protocol variations using different numbers of measures and
visits. One study by Selenta et al reported nearly identical accuracy for a primary analysis using
an average of five OBPMs from a single visit for the index test, to a sensitivity analysis using the
average of two OBPMs from a single visit.1%? A second study by Shimbo et al reported accuracy
for an index test of a mean of three readings from a single visit and an index test of a mean of
nine readings from three visits and found similar results with overlapping confidence intervals.%
For OBPM >140/90 mm Hg with a reference standard of daytime ABPM of >135/85 mm Hg,
sensitivity for three readings and nine readings, respectively, were 0.33 (95% CI, 0.26 to 0.40)
and 0.24 (95% CI, 0.18 to 0.31), and specificity was 0.97 (95% CI, 0.95 to 0.98) and 0.99 (95%
ClI, 0.98 to 0.99). A third study by Gill et al reported accuracy for three variations of an attended
AOBP index test: the first reading on the first visit (1 measurement), the mean of second and
third readings from three visits (6 measurements), and the mean of second and sixth readings
from three visits (6 measurements).82 The first reading from the first visit showed the highest
sensitivity and lowest specificity of all three protocols. The sensitivity of the single reading was
0.65 (95% ClI, 0.54 to 0.75), while the sensitivity from the mean of the second and third BPs
from three visits was 0.40 (95% ClI, 0.29 to 0.51). The specificity from the single visit was 0.74
(95% Cl, 0.66 to 0.82), while the specificity from the mean of the second and third BPs from 3
visits was 0.90 (95% CI, 0.84 to 0.95). The mean of second and sixth readings from 3 visits had
sensitivity and specificities that overlapped with the other 2 protocols.

One study evaluated whether adding a breath-hold to a blood pressure measurement protocol
could serve as a simple test for masked hypertension. This Russian study by Lyamina and
colleagues®” (N=269) recruited young participants with a mean age of 25.6 years from local
colleges and businesses and compared the mean of two BP measurements in a single visit
measured with and without a breath-hold. The index test had a threshold of >140/90 mm Hg and
the reference test used a combined day and nighttime ABPM threshold. Sensitivity and
specificity with breath-holding were 1.00 (95% CI, 0.90 to 1.00) and 0.92 (95% ClI, 0.88 to
0.95), respectively. Sensitivity and specificity without breath-holding were 0 (95% CI, 0 to 0.10)
and 1.00 (95% CI, 0.98 to 1.00), respectively. Such results suggest that breath-holding may
improve accuracy; however, such results would need to be replicated in a larger, more
generalizable, and older target population with a higher prevalence of hypertension as no
participant in this study screened positive by OBPM without breath-holding.

KQ3. What Is the Accuracy of Confirmatory Blood Pressure
Measurement in Adults Who Initially Screen Positive for
Hypertension Compared With the Reference Standard
(ABPM)?

Summary of Results

We identified 18 fair- to good-quality studies (reported in 27 articles) (N=57,128) examining
the test accuracy of confirmatory blood pressure measurements (office, home, self-OBPM,
truncated ABPM) compared with an ambulatory blood pressure measurement (ABPM) reference
standard in adults with a previous elevated OBPM."3 74 122-146 Tye|ve of these studies are new
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since the prEViOUS review 73,74,122, 124, 130-133, 135, 136, 139, 142

In contrast to KQ?2 results, which showed that initial screening with OBPM is not sensitive but is
specific in an unselected population, KQ3 showed that confirmatory modalities, when applied to
a preselected population, are generally sensitive but not specific. All results showed considerable
heterogeneity without apparent explanation based on any patient or test characteristics.

OBPM

Meta-analysis of eight OBPM confirmation studies (N=53,183) reporting SBP/DBP thresholds
showed a pooled sensitivity of 0.80 (95% CI, 0.68 to 0.88) and a pooled specificity of 0.55 (95%
Cl, 0.42 to 0.66), with considerable heterogeneity (1% sensitivity=99.2%; 12 specificity=98.6%).
Among this set of studies, positive predictive values ranged from 0.59 to 0.88 and negative
predictive values ranged from 0.30 to 0.82. False positive rates ranged from 15 to 65 percent.
False negative rates ranged from 10 to 65 percent.

HBPM

Meta-analysis of four HBPM confirmation studies with threshold of >135/85 mm Hg (N=1,001)
showed a pooled sensitivity of 0.84 (95% CI, 0.76 to 0.90), and pooled specificity of 0.60 (95%
Cl, 0.48 to 0.71), with considerable heterogeneity (12 sensitivity=85.1%; 12 specificity=77.8%).
Among this set of studies, positive predictive values ranged from 0.68 to 0.94 and negative
predictive values ranged from 0.46 to 0.86. False positive rates ranged from 22 to 50 percent, and
false negative rates ranged from 7 to 24 percent.

Self-OBPM

Two studies (N=698) examined self-OBPM as a confirmation method.t3 3% Only one of these
studies used SBP/DBP thresholds relevant to current clinical practice; it found high sensitivity
and low specificity (0.92 [95% CI, 0.85 to 0.96]; 0.25 [95% ClI, 0.16 to 0.35]).1*® The PPV and
NPV in this study were 0.59 and 0.72, respectively. The false positive rates in the two self-
OBPM studies were 43 and 75 percent, and false negative rates were 8 and 14 percent.

Truncated ABPM

One study reported accuracy for a truncated ABPM (6-h ABPM) and results were reported
separately based on ABPM indication.'?* Sensitivity and specificity were 0.94 and 0.76,
respectively, in a population (N=126) for whom the ABPM indication was borderline
hypertension. The sensitivity and specificity were 0.89 and 0.70, respectively, for the population
(N=137) with suspected white coat hypertension. Confidence intervals in this study were not
calculable.

Study and Population Characteristics

Included studies were conducted in a variety of countries among participants from several
different population sources (Table 9; Appendix E Table 5). Two studies were conducted in the
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United States,'?* 1% three studies each were conducted in Italy,?® 142 143 Greece, 32134 and
Korea;"® 131136 two studies were conducted in Spain;’* 122 and one study each was conducted in
Argentina,*® Denmark,'?8 Israel,**° Switzerland,*?” and the United Kingdom.!® Three studies
recruited participants solely from primary care,*? 127:135 and an additional five studies recruited
at least partly from primary care. 126.130.132.139 Ejght studies recruited patients solely from a
cardiology and/or blood pressure clinic.”® 128 133,134,136, 142,143, 145 Qne study recruited participants
from an ABPM referral service of a university-affiliated primary care center.*?* Finally, two
studies were ABPM registries: Kor-ABP” and the Spanish ABPM Registry.”* While the Kor-
ABP registry, conducted in Korea, was of modest size (N=1,262), the Spanish ABPM Registry
analysis used for our review included 45,020 untreated individuals, which makes up much of the
included evidence for this question.”

Eligible populations for KQ3 were preselected, with at least one elevated BP measurement
identified by clinic-based screening. As such, included studies are samples of patients referred by
primary care physicians to blood pressure clinics because of borderline or elevated blood
pressures, consecutive patients referred to ABPM or hypertension clinics, or individuals who
were newly diagnosed as hypertensive by OBPM and not yet treated.

Participants in the included studies exhibited a wide range of demographic and clinical
characteristics (Table 9). The number of untreated participants analyzed ranged from 15928 to
45,020 participants in a registry.”* Participant ages ranged from 13 to 95 years, with mean age
ranging from 46.9%?" to 60 years. Percent female ranged from 02 to 66.7 percent.}* Only three
studies reported race/ethnicity, and of those, participants were largely white. 3% 13147 One U.S.
study conducted in the Southeast included 22.3 percent black participants.t*

Mean blood pressures showed a substantial range across all measurement modalities with the
exception of HBPM which showed a tighter clustering in the high-normal range (Table 9). For
example, mean OBPM values ranged from 129.6/81.0 mm Hg*®° to 164.1/103.5 mm Hg.1%®
Mean HBPM s for SBP ranged from 134.6 mm Hg**® to 141.1 mm Hg!® and 82.1 mm Hg'? to
88 mm Hg** for DBP.

Quality

Two of the included studies were rated as good quality, with low risk of bias for all domains.*3*
143 Both good-quality studies evaluated repeat OBPM as a confirmation method and studied
consecutive patients referred to outpatient hypertension clinics for evaluation of elevated blood
pressure. The protocols in these studies were well-described, reporting the fidelity of
measurement and accounting for all participants in the analysis. Eleven of the 18 included
studies had medium risk of bias for the domain of patient selection.” 74 122,124,126, 127,132, 133, 135,
136,145 potential for bias for the patient selection domain was introduced because some were
studies convenience samples from ABPM or hypertension clinics,’® 124 127,132,133, 145 jnyolved
self- or clinician referral,**® had exclusions threatening spectrum of disease
representativeness,*? 126 or reported limited detail on enroliment.’ 3¢ One study had high risk
of bias for patient selection because it specified a narrow range of eligible blood pressures, was
not a consecutive or random sample, and lacked details on the process of patient selection;
however, all other domains were rated as low risk of bias.**® One study had medium risk for the
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conduct or interpretation of index test domain because of multiple exploratory thresholds.*®
Four studies had a medium risk of bias for the reference standard domain because of unusual
adjustments to office and ambulatory devices, which may have influenced independence of
measures in one study,'? and three studies did not report the required minimum or average
number of ABPM measurements.t31: 142.145 |t was extremely rare for studies to report any details
about quality assurance for the index or reference standard device, such as calibration or
maintenance.'?? 133 Four studies had a medium risk of bias for the patient flow domain due to
lack of reporting of details about which recruited patients were not analyzed.” 74 133,145

OBPM Confirmatory Studies: Index Text Characteristics

Thirteen studies examined OBPM measured by medical personnel as the index test against the
ABPM reference standard.” 74 126-128, 130-134, 142, 143, 145 | n most studies, the OBPM confirmations
were performed in different locations with different personnel and possibly different protocols
than the initial OBPM screening (that often occurred in primary care clinics) triggering the
referral for this further confirmatory testing. Most OBPM confirmatory measurements were
taken with patients seated for at least 5 minutes of rest and attended by personnel, were taken
with a mercury sphygmomanometer, had a diagnostic threshold of >140/90 mm Hg, and were
conducted at one visit; however, other protocol details varied widely (Table 10). The office-
based blood pressure measurement devices in most studies (9 studies) used the auscultatory
method with manual technique;126-128 131-134, 143,145 a| byt one® were mercury
sphygmomanometers. One of the mercury sphygmomanometers was a Hawksley random zero
device which is an older device that intends to eliminate digit preference by masking values

during measurment.'?® Four studies used the oscillatory method with automated technique.” ™
130, 142

The number of office measurements used to calculate blood pressure ranged from 13! to 12,143
with most studies (9 of 13) conducting OBPM at one visit. The remaining studies measured
office BP at different visits separated by 1 day,*** 143 6 weeks,'** or 8 weeks.*?® The time
between measurements on single occasions was only reported in four studies and in all cases was
1 minute.73' 126, 134, 142

Protocol details relating to the arm and arm position, cuff, and timing of measurement were
sparsely reported. Three studies reported the arm used for the measurement as the nondominant
arm. 130 132,133 Three studies reported arm positioning as supported at heart level, and no studies
mentioned whether the cuff was applied under or over clothing.t3% 133 143 Cuff-size was rarely
described with any detail. 125 130 132-134,143 Op|y two studies mentioned the time of day when these
office measurements were taken: between 0800 and 1000 in one study**2 and morning in the
other.12°

Body position and resting time were commonly reported and generally consistent among studies.
All studies reported that measurements were taken in the seated position except two studies in
which body position was not reported.”® 13 |_eg position was not reported in any study. All but
two studies!?” 1% reported resting time before the initial measurement; this rest time was most
commonly 5 minutes.” 74 130,131,134, 145 1 e commonly reported rest times were 10 or >10
minutest® 142.143 and as long as >15 minutes in one study.*?® Only three studies reported
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avoidance of distraction.130. 142, 145

Nine studies specified the personnel taking the measurement. These were nurses,*?’ nurses or
physicians,'*® physicians,126 128 132-134,143 o1 hypertension specialists.}*? Another study reported
that the measurement was attended but did not identify the type of personnel.®! In three studies,
neither the interventionist nor attendance of the measurement was reported.’ 74 130

Studies most commonly used an office BP of > or >140/90 mm Hg as the diagnostic threshold
for the index test.”3 74 127,130, 132134, 142, 143 One study reported accuracy data for other thresholds
in addition to >140/90 mm Hg. These included: >135/85 mm Hg, >160/95 mm Hg, and

>160/100 mm Hg.*?” An additional four studies used SBP-only or DBP-only thresholds.?5 128
131, 145

OBPM Confirmatory Studies: Reference Test Characteristics

While all but two of the 13 OBPM confirmation studies” 27 reported that 24-h ABPM was
conducted, most studies (k=9) used daytime ABPM as their reference standard (Table 10).”> ™
126-128, 133, 134, 143, 145 Fijve studies used 24-h ABPM as the reference standard,’* 130-132.142 and one
study reported multiple reference standards, including daytime, 24-h, and a combination
threshold requiring one period (24-h, daytime, or nighttime) to be abnormal in order for a
hypertension diagnosis to be made.”

While ABPM cutoffs varied, the diagnostic threshold most commonly used for daytime ABPM
was >135/85 mm Hg,™ 133 134 143 which is consistent with guidelines.3> 3> 8 7® One study each
used thresholds of >134/90 mm Hg'?® and >140/90 mm Hg.?” Two studies used the diastolic-
only threshold of >90 mm Hg.'?% 14° The studies using a 24-hr ABPM reference standard
reported thresholds ranging from >125/80 mm Hg®®*? to >135/85 mm Hg,!3® with one study using
a SBP-only threshold.!3! The very large Spanish ABPM registry reported accuracy using
multiple reference standards including daytime ABPM alone, 24-hr ABPM alone, and a
combination definition involving blood pressure elevation for 24-hr, daytime, or nighttime
periods.”

Most studies used a fixed time period to define the daytime ABPM period.’3: 126128, 132,133, 142, 143,
145 Most studies (9 of 13) required a minimum number of ABPM measurements,’® 74 127, 128,130
132-134,143 The minimum required number of measures were variable but were usually at least 10
measures or greater than 75 percent of planned measures. The range of reported maximum
measurements for 24-hr ABPM reference was 40-96 measurements’# 130132142 and for daytime
ABPM was 36-72 measurements,’> 126-128, 133,143, 145 Most commonly, ABPM values were
determined by calculating simple means.

Other protocol details about the arm measured, cuff size, and instructions provided to
participants were sparsely reported.
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OBPM Confirmatory Studies: Detailed Results

Prevalence and Screen Positivity

The prevalence of hypertension in the 13 OBPM confirmation studies ranged from 47 percent#
to 77 percent™®* using a variety of ABPM definitions for hypertension. The lowest prevalence
was reported in a study using a DBP-only diagnostic threshold of >90 mm Hg for the daytime
ABPM reference standard.'*® The highest prevalence was reported in a population with a similar
mean age and recruitment from primary care as the study with the lowest prevalence, but
daytime ABPM reference threshold was >135/85 mm Hg!3 (Table 11).

The percent of individuals with a positive confirmatory OBPM ranged from 29 percent™*° to 82
percent.?6:128.143 The |owest rate of positive screens was in a population with a mean age of 47.9
years who were volunteers or recruited from primary care.'® This study used an OBPM
threshold of >140/90 mm Hg. The highest rate of positive screens was 82 percent; this
prevalence was reported in three studies. The populations in these studies were also referred
from primary care and represented a wide range of ages.'?5 128143 Two of these studies had DBP-
only diagnostic thresholds of >90 mm Hg%6 128 and the third used a >140/90 mm Hg threshold.

Sensitivity/Specificity

Meta-analysis of eight OBPM confirmation studies (N=53,183) reporting SBP/DBP thresholds
showed a pooled sensitivity of 0.80 (95% CI, 0.68 to 0.88) and a pooled specificity of 0.55 (95%
Cl, 0.42 to 0.66) with considerable heterogeneity (12 sensitivity=99.2%; 12 specificity=98.6%)
(Figure 3; Table 11). Most commonly, these studies averaged two or three blood pressure
measurements during a single visit.” 74 130,133,142 Other studies averaged six to 12 measures
taken over two to three visits.'3% 134 143 Sensitivity and specificity varied widely among pooled
studies; sensitivity ranged from 0.35'% to 0.90%*? and specificity ranged from 0.35*3 to 0.85.1%
The Spanish ABPM registry, with a sample size of 45,020, makes up most of the body of
evidence for OBPM confirmation, which had a total sample size of 57,128.7* When this study is
removed from the pooled result in a sensitivity analysis, results are similar (sensitivity: 0.79
[95% ClI, 0.65 to 0.89], specificity: 0.57 [95% CI, 0.45 to 0.69]). No patient or index test
characteristics explaining heterogeneity were revealed upon visual inspection of the forest plots.

We conducted an exploratory analysis of studies using only the preferred 24-h ABPM reference
standard. Meta-analysis of 4 studies with a 24-hr ABPM reference standard (N=49,168) showed
a pooled sensitivity of 0.74 (95% CI, 0.50 to 0.89) and specificity of 0.62 (95% CI, 0.42 to 0.79),
again with considerable statistical heterogeneity (12 sensitivity=99.6%; 12 specificity=99.4%)
(Appendix F Figure 2). The point estimate for sensitivity showed a small decrement compared
to the main analysis, and specificity showed a small improvement, however, confidence intervals
overlapped. Furthermore, we consider this analysis exploratory as there exists population
heterogeneity in addition to reference standard heterogeneity in these studies and these studies
represent a subset of only half of studies from the main analysis. The Spanish ABPM registry
was the only study that reported accuracy results for OBPM against multiple ABPM reference
standards, including 24-hr ABPM, daytime ABPM, and a combination of daytime, nighttime,
and 24-hr ABPM showing similar accuracy results. One study reported accuracy for multiple
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OBPM thresholds against the same daytime ABPM reference standard.*?” This study showed
increased sensitivity and decreased specificity as thresholds are lowered. No included study
reported accuracy for an OBPM threshold of >130/80 mm Hg.

Five studies did not contribute to the meta-analysis; these studies similarly reported large
variations in accuracy (Table 11).126-128. 131,145 Eoyr of these studies had SBP-only or DBP-only
index and/or reference test thresholds that are not relevant to current clinical practice.?® 128 13L
145 One study did not provide sufficient data for pooling.*?” The sensitivity point estimate in this
study of 0.80 was identical to our pooled result, and the specificity point estimate of 0.68 was
slightly higher than the upper confidence limit in our pooled analysis.

No studies of OBPM confirmation reported area under the curve.
PPV/NPV

Among the eight studies using SBP/DBP thresholds from the pooled analysis, the PPVs ranged
from 0.61'% to 0.88.2%° The lowest PPV was in a Greek study of patients referred to a
hypertension clinic from primary care who had a 49 percent prevalence by daytime ABPM and
72 percent OBPM positivity.** The highest PPV, along with the lowest sensitivity and lowest
index test positivity, was in the Husain et al study which recruited participants with recent office
BPs between 120-149/80-95 mm Hg from primary care and who had a 75 percent prevalence by
24-hr ABPM and a 30 percent OBPM positivity.**® The NPVs were more variable than the PPVs
and ranged from 0.30%% to 0.82.1*% The lowest NPV was in the study with the highest PPV**° and
the highest NPV was in the study with the lowest PPV.**3 The ranges of PPVs and NPVs in the
five studies not included in the pooled analysis'?6-128 131 145 were similar to the ranges of those in
the pooled analysis.

FPR/FNR

Among the eight studies using SBP/DBP thresholds from the pooled analysis, false positive rates
had a wide range among studies. Point estimates from the studies ranged from 15 percent!*® to 65
percent.”* The lowest occurrence of false positives, 15 percent, occurred in the study with the
highest PPV (and lowest NPV); participants were self-selected or recruited from primary care,
with a young mean age (47.9 years) and the lowest index test positivity (30%).%° The highest
occurrence of false positives, 65 percent, was seen in an Italian study of individuals referred to
an outpatient hypertension clinic and 82.5 percent, screened positive on OBPM.* False negative
rates were likewise variable, with estimates ranging from 10 percent'*? to as high as 65
percent.*® The occurrence of false negatives was as low as 10 percent in an Italian study where
24 percent screened negative on OBPM2 to as high as 65 percent in a study where 70 percent
screened negative on OBPM.° The range of false positivity in the non-pooled studies was
generally similar to that seen in the pooled studies.

Home-Based Blood Pressure: Index Test Characteristics

Four studies examined the accuracy of HBPM against the ABPM reference standard (Table
12).122.134-136 These studies represent a reasonably homogeneous index test wherein studies used
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the same diagnostic threshold, similar automated, oscillometric HBPM devices, and comparable
basic protocol characteristics. In these studies, participants were instructed to measure blood
pressure for 3 to 7 days in the morning and evening in the seated position after a rest period of
usually 5 minutes.

All HBPM devices applied an automated oscillometric technique. Three studies explicitly
reported that devices had printing capabilities for recording blood pressures or that data could be
electronically transmitted to researchers.?? 134 135 The method of recording BP was unclear in
the other study.*®® Only one study reported calibration, which was done annually.*?> Another
study reported that the accuracy of the HBPM device was tested in each individual against a
standard mercury sphygmomanometer.t3

The monitoring period ranged from 3 days'? to 7 days.3> 136 All studies instructed participants
to measure BP in two sittings per day, occurring in the morning and evening, taking two to three
measurements at each sitting with 1 to 2 minutes between measurements. Three of the four
studies explicitly reported training participants how to perform the blood pressure
measurement.'?2 134 136 The total maximum number of measurements ranged from 1822 to 42,13
and the number of measurements used to calculate the mean HBPM ranged from 822 to 28,135 136
Two studies excluded initial measurements as follows: one study excluded first-day readings and
the first and second readings of each morning*?? and one study discarded the first morning and
evening BPs.1% Three studies required a minimum number of readings, which ranged from
eight®34 to 30.1¢

Three of four studies reported that measurements were taken seated and after a 5-minute rest;***
136 however, only one study mentioned the provision of a quiet place for measurement.*3®
Protocol details relating to the arm, arm position, and cuff were sparsely reported. No study
mentioned arm position, leg position, or whether the cuff was placed under or over clothing.
Only one study reported that the nondominant arm was used.'® Half of the studies mentioned
that different-sized cuffs could be used based on patient size 122 134

All four studies used an HBPM diagnostic threshold of >135/85 mm Hg,?% 1¥+-1% and two of
these studies additionally reported test accuracy of other thresholds, including >130/85 mm Hg
and >130/80 mm Hg 122 136

Home-Based Blood Pressure: Reference Test Characteristics

While all four HBPM confirmation studies performed 24-h ABPM, daytime ABPM was used as
the reference standard and the daytime ABPM threshold was >135/85 mm Hg (Table 12).122 134+
136 One study additionally reported test accuracy of HBPM using 24-hr and nighttime ABPM as
reference standards.!® Three studies used a fixed time period to define the daytime ABPM
period,t?2 135136 and one study used participant diaries to determine awake hours.*** Blood
pressures were measured every 20 to 30 minutes. All studies required a minimum number of
measurements: at least 14 measures or greater than 70 percent of planned readings. The
maximum number of daytime measurements ranged from 20'% to 48 measurements.'?? Where
reported, daytime blood pressures were calculated as the mean of valid measurements. Other
protocol details about the arm measured, cuff size, and instructions provided to participants were
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sparsely reported.

Home-Based Blood Pressure: Detailed Results

Prevalence and Screen Positivity

The prevalence of hypertension as defined by daytime ABPM of >135/85 mm Hg or 24-hr
ABPM >130/80 mm Hg in the four HBPM confirmation studies ranged from 54 percent'*® to 80
percent.®® The study with the lowest prevalence of 54 percent was set in U.K. primary care
clinics.™®® The study with the highest hypertension prevalence of 80 percent was a Korean study
set in an outpatient cardiology clinic**® (Table 13).

Percent positive screens on HBPM ranged from 65 percent!?? to 76 percent.'®* The study with the
lowest positive HBPM prevalence recruited participants from Spanish primary care health care
centers.*?? The highest HBPM test positivity of 76 percent occurred in a Greek study in which
participants were recruited from a hospital blood pressure clinic.'®*

Sensitivity/Specificity

All four HBPM confirmation studies could be pooled, and meta-analysis of an HBPM threshold
of >135/85 mm Hg (N=1,001) showed a pooled sensitivity of 0.84 (95% CI, 0.76 to 0.90) and
pooled specificity of 0.60 (95% ClI, 0.48 to 0.71) with considerable heterogeneity (12
sensitivity=85.1%; 1? specificity=77.8%) (Figure 4; Table 13). The range of sensitivities was
0.76'22 to 0.93.2*° The range of specificities was 0.50%22 13° to 0.78.1%¢ Exploration of
heterogeneity via visual inspection of forest plots sorted by participant and test characteristics
showed no pattern.

One study reported the accuracy of the HBPM threshold of >135/85 mm Hg against 24-h,
daytime, and nighttime ABPM reference standards.'®® Accuracy was reasonably similar across
all reference standard comparisons, with sensitivity ranging from 0.77 to 0.79 and specificity
ranging from 0.69 to 0.85. Two studies reported accuracy for multiple HBPM thresholds.!?? 136
These studies consistently showed increased sensitivity and decreased specificity as thresholds
are lowered.

One study reported AUC. The U.K. primary care practice study reported an AUC of 0.71 (95%
Cl, 0.66 to 0.77) for HBPM confirmation conducted over 7 days.**®

PPV/NPV

The PPV for individual studies ranged from 0.68° to 0.94%6 (Table 13). The lowest PPV was
in a population recruited from primary care in the United Kingdom,**® and the highest PPV was
in a Korean study that recruited participants from cardiology clinics.!® The NPV ranged from
0.46%¢ to 0.86.2%° The lowest NPV was in the aforementioned Korean study with the highest
PPV.13 The highest NPV was in the aforementioned U.K. primary care study with the lowest
PPV.1%
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FPR/FNR

False positive rates in analyses using the preferred 135/85 mm Hg HBPM threshold ranged from
22 percent!® to 50 percent.!?2 13° False negative rates ranged from 7 percent!3 to 24 percent.!?

Self-OBPM: Index Test Characteristics

Two studies evaluated an index test for which participants used an HBPM device to take their
own blood pressure in an office setting, which we refer to as “self-OBPM”!3> 3% (Table 14).
While many fundamental device and protocol characteristics were similar in these two studies,
thresholds were not comparable and measurements were unattended by staff in one of the
studies.t%

Both studies used automated oscillometric HBPM devices. One of the two self-OBPM studies
also evaluated the accuracy of the HBPM device in the home environment.!3 While the two
studies shared some protocol characteristics, they differed with respect to attendance of staff
during measurements. In both studies, participants were seated and took multiple measurements
(5% or 61*°) in one sitting with at least 1 minute between measurements. One study averaged the
first three measurements to determine the self-OBPM3 while the second study averaged five of
the six measurements.*® In one study, a nurse performed a training measurement for the
participant before they left the room and the participant then triggered five measurements to
perform alone; training measurement data were discarded. In the other study, clinic staff took
measurements after a 5-minute seated rest with the same device before the patients took their
own measurement; patient measurements were attended by a member of the practice
administrative staff.!3®

Other protocol details such as cuff size and arm position were sparsely or inconsistently reported
in the two studies. Cuff size was not reported in either study. One study reported that the
nondominant arm was measured unless the difference between arms was >10 mm Hg, then the
highest reading was used.'® The other study that had the fully unattended measurement reported
that the participant was in an isolated room not speaking, with the arm supported at the heart
level, the cuff applied to an uncovered arm, legs uncrossed with feet on the floor, and the back
supported.t3®

The diagnostic thresholds were heterogeneous, with one using >135/85 mm Hg!® and the other
reporting accuracy for various SBP-only and DBP-only thresholds that are not currently used in
practice (SBP >130 mm Hg, SBP >160 mm Hg, DBP >80 mm Hg, and DBP >90 mm Hg).!*®

Self-OBPM: Reference Test Characteristics

The two studies of confirmatory self-OBPM conducted 24-h ABPM but used daytime ABPM of
>135/85 mm Hg as the reference standard for hypertension diagnosis'® 13 (Table 14). One
study specified the daytime monitoring period,**® while the other defined daytime per patient
report.’3® Blood pressures were measured every 15 minutes*® and 30 minutes.* One study
required at least 70 percent of planned measures and one record per hour to be considered valid,
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and the other did not report minimum measures needed. One study reported a maximum number
of measurements of 32 and specified that the ABPM values were calculated based on a simple
mean.**® The other study did not report how ABPM values were calculated, and maximum
measures varied.!3® Neither study reported information on arm position, leg position, cuff size, or
instructions provided to participants.

Two studies used self-OBPM as a confirmation method (N=698). The prevalence of
hypertension by ABPM in these studies were 47 percent'3 and 54 percent.*® The percent with
positive screens by self-OBPM was 84 percent in the one study that applied an SBP/DBP
threshold.

Self-OBPM: Detailed Results

Prevalence/Test Positivity

The two studies reported prevalence rates 47 percent!3® and 54 percent*® for hypertension based
on the daytime ABPM of >135/85 mm Hg. The index test positivity was 63 percent'*® and 84
percent,'® respectively.

Sensitivity/Specificity

Sensitivity and specificity were 0.92 (95% ClI, 0.85 to 0.96) and 0.25 (95% CI, 0.16 to 0.35),
respectively, in the study using an SBP/DBP threshold (>135/85 mm Hg).!® This study recruited
participants from primary care practices in the United Kingdom. The other study reported
accuracy for various SBP-only and DBP-only thresholds that are not relevant to current clinical
practice, and because results ranged widely, results are not discussed in detail here (see Table
15).

AUC for the U.K. primary care practice study with an SBP/DBP threshold was 0.58 (95% ClI,
0.53 t0 0.63).1%

PPV/NPV

The PPV for the U.K. primary care practice study using an SBP/DBP threshold was 0.59 and the
NPV was 0.72.135 PPVs and NPVs were variable in the study reporting SBP-only and DBP-only
thresholds. False positive rates were 43'% and 75 percent and false negative rates were 83
and 14'% percent.

Truncated ABPM: Index Test Characteristics

One study reported the accuracy of a truncated (6-hour) ABPM compared with 24-h ABPM
(Table 16).12* In this study, just one ABPM test was conducted and results from the first 6 hours
(minus a 1-hour “white coat window”) were compared with the full 24-h reference standard
(minus a 1-hour white coat window). The ABPM test was initiated in the morning for almost all
participants. Measurements were taken every 20 minutes during the day for a maximum of 18
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measurements, 15 of which were used to calculate BP because of the white coat window.
Participants received standardized education about the ABPM session and were fit with
appropriately sized cuffs based on AHA standards.

The diagnostic threshold for this 6-hour ABPM was SBP >130 mm Hg.

Truncated ABPM: Reference Test Characteristics

The single study (N=263) of a truncated ABPM index test evaluated a 6-hour ABPM compared
with a 24-hr ABPM reference standard with an SBP-only threshold of >130 mm Hg for
hypertension diagnosis (Table 16).1%* The device obtained measurements every 20 minutes
during the daytime and every 30 minutes during the nighttime. The total number of
measurements over 24 hours ranged from 57 to 61. The reference value was calculated as the
average of measurements with the first hour excluded as the white coat window. The study
reports that staff met with the patient to provide standardized education about the session and to
fit the patient with the appropriately sized cuff, which was determined by arm circumference
according to AHA guidelines; no other details were reported.

Comparative Accuracy

Two studies reported the accuracy of multiple confirmation methods against the same ABPM
reference standard. Nasothimiou et al reported the accuracy of repeat OPBM and HBPM
compared with a daytime ABPM reference standard.*®* Sensitivity was high and similar for both
index tests (0.85 [95% CI, 0.80 to 0.88] for OBPM and 0.87 [95% ClI, 0.83 to 0.91] for HBPM).
Specificity was much lower for both modalities. Specificity trended higher for HBPM, but there
was some overlap of confidence intervals (0.43 [95% CI, 0.33 to 0.54] for OBPM and 0.61 [95%
Cl, 0.51 to 0.71] for HBPM). Nunan et al reported the accuracy of HBPM and self-OBPM
compared with a daytime ABPM reference standard.'® Sensitivity was high and similar for both
index tests (0.93 [95% CI, 0.86 to 0.97] for HBPM and 0.92 [95% CI, 0.85 to 0.96] for self-
OBPM). Specificity was much lower for both modalities, with self-OBPM being significantly
worse (0.50 [95% CI, 0.40 to 0.61] for HBPM and 0.25 [95% ClI, 0.16 to 0.35] for self-OBPM).

Truncated ABPM: Detailed Results

Sensitivity/Specificity

The sensitivity and specificity were 0.94 (Cls not reported) and 0.76 (Cls not reported),
respectively, in a population (N=126) for whom the ABPM indication was borderline
hypertension (Table 17). The sensitivity and specificity were 0.89 and 0.70, respectively, for the
population (N=137) with suspected white coat hypertension.

FPR/FNR

Sparse data were reported in this study, precluding calculations of prevalence, percent positivity,

FPR, FNR, PPV, and NPV. AUCs were high in both populations, with values of 0.932 in those
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with borderline hypertension and 0.901 in those with suspected white coat hypertension.

KQ3a. What Confirmation Protocol Characteristics Define the
Best Test Accuracy?

Summary of Results

Five of 18 confirmation studies reported within-study comparisons of protocol characteristics on
accuracy. 26 130. 135,136, 139 Fyjidence on protocol variations for any one confirmation modality was
sparse, but very limited evidence may suggest that for HBPM, additional days of measurement
beyond 5 do not improve accuracy. Two studies reported accuracy for confirmatory OBPM
protocols using multiple visits, but each study had a different design and aim. While one study
exploring whether the prevalence of white coat hypertension would decrease over a series of
measurements found some evidence to support that hypothesis,*?® another study found that
ABPM phenotypes had fair reproducibility when taken one week apart.*® Two studies of
confirmatory HBPM found no improvement in accuracy for a 7-day protocol compared with a 5-
day protocol.® 136 Similarly, one study of self-OBPM reported similar accuracy for the average
of five and the average of three measurements taken on a single visit compared with ABPM.*%

Detailed Results
OBPM

Two studies reported accuracy for confirmatory OBPM protocols based on measurements
performed at multiple visits but had different aims (Appendix E Table 6).12% 130 The study by
Fogari et al explored whether repeated OBPMs taken at several visits would reduce the
prevalence of white coat hypertension. OBPMs were taken at office visits occurring every 2
weeks for a total of five visits. Complete accuracy results are only reported at week 8; however,
results suggested that there are fewer screen positives over time with repeated visits. The other
study, by Husain et al, examined the reproducibility of ABPM phenotypes (sustained, masked,
white coat, normotensive), which were evaluated by comparing repeated sets of OBPMs and
ABPMs taken 1 week apart. Sensitivity and specificity were nearly identical in the first and
second comparisons, and short-term reproducibility was characterized as fair.1#

HBPM

Two studies of confirmatory HBPM evaluated protocol variations involving a different number
of days of HBPM (Appendix E Table 6).1% 13 The U.K. primary care practice study by Nunan
et al compared HBPM protocols, averaging measures taken in the morning and evening on days
1-7 (28 measures), days 2-7 (24 measures), days 1-5 (20 measures), and days 2-5 (16 measures).
Sensitivities and specificities for the various protocols were similar: sensitivity point estimates
ranged from 0.93 to 0.94, specificity point estimates ranged from 0.50 to 0.53, and confidence
intervals were nearly identical. Another study by Park tested protocol variations involving the
number of days of measured and which measures, out of three taken each in the morning and

Screening for Hypertension in Adults 35 Kaiser Permanente Research Affiliates EPC



evening, to include in the averaged value.'® 13 This study found similar accuracy for HBPM
taken over 5 days versus 6 or 7 days, with sensitivity ranging from 0.74 to 0.75 and specificity
ranging from 0.75 to 0.78, each with overlapping confidence intervals. Similar accuracy was
found for each averaging method.

Self-OBPM

One study by Salazar et al of self-OBPM using SBP-only or DBP-only index test thresholds
reported accuracy for an average of three compared with 5 measures in one sitting separated by 1
or more minutes (Appendix E Table 6).1%° Authors reported that the use of five measures
instead of three did not significantly improve correlations or AUCs of self-OBPM compared
with the ABPM reference standard.

KQ4. What Are the Harms of Screening for Hypertension in
Adults?

Summary of Results

We identified 13 fair- to good-quality studies (reported in 16 articles) (N=5,150) examining the
harms of screening and diagnosis of hypertension.!48-161 Most of these studies were performed 2
or more decades ago. Four studies addressing absenteeism,'> ABPM tolerability,*% 162 and sleep
quality®® are newly included since the previous review. Evidence for KQ4 is derived from
heterogeneous populations and studies of limited quality. The limited existing evidence suggests
that screening is associated with no decrement in quality of life or psychological distress, and the
scant evidence on screening’s effect on absenteeism is mixed. ABPM followup testing is
associated with minor adverse events including temporary sleep disturbance and bruising.

Inaccurate diagnoses (false positives and false negatives) are considered harms of screening and
confirmation and have been discussed in detail under the KQ2 and KQ3 results. In brief, false
positive and false negative rates varied widely for OBPM screening (KQ2) and for various
confirmation modalities (KQ3). For screening OBPM (KQ?2), false positive rates ranged from 0
to 30 percent and false negative rates ranged from 8 to 100 percent among studies included in the
main pooled analysis. For confirmatory OBPM in KQ3, false positive rates ranged from 15 to 65
percent and false negative rates ranged from 10 to 65 percent. For confirmatory HBPM, false
positive rates ranged from 22 to 50 percent and false negative rates ranged from 7 to 24 percent.

Study and Population Characteristics

The 13 harms studies had heterogenous designs and measured various outcomes in different
populations (Table 18). The included analyses for harms are embedded within studies originally
designed to address various aims; however, for the purpose of addressing harms, the data are
derived from analyses consisting of two RCTs,** ¥ two prospective cohorts,'®2 183 four cohorts
derived from RCTs, #8151 and five cross-sectional analyses.>® 1%8-161 Nearly half of the studies
were conducted in North America: five in the United States,*®® 15° 157.158.163 and one in
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Canada.**® Three studies were conducted in the United Kingdom,*®% %9162 and one study each in
Italy,® Greece (297), Japan,*®! and the Netherlands.'*® The study sizes ranged from a small
Japanese study by Kuwajima et al with 24 participants®®! to the largest Italian study by
Verdecchia with 2,934 participants.'®® The studies recruited participants from heterogenous
settings, including hypertension treatment trials,*>° medical clinics or academic research
centers,148: 15,157,158, 160, 162 hogpjtal-based registry,**® and occupational settings,*4® ** and in
some studies was not reported. > 161

The mean participant age ranged from 37.9 years'>! to 74 years.'®! One study*° solely recruited
men, while the remaining recruited 38 percent!®! to 57 percent>® women. Other participant
characteristics were rarely reported. Mean office SBP/DBP was reported in six of the studies and
ranged from 126.4/79.9 mm Hg*® to as high as 167.4/104.7 mm Hg.'*8

Quality

In general, this literature is limited by heterogeneous populations, comparators, and outcomes.
Only one study was rated as good quality; the remaining studies were rated as fair. The single
good-quality study was an RCT reporting adequate randomization and allocation concealment;
there was similar attrition between the groups; and validated scales were used to assess outcomes
with adjustment for confounding.*® For the remaining fair quality studies, quality issues
included pre-post cohort designs or cross sectional designs with lack of comparators and use of
unvalidated measures. These design flaws contribute to a body of evidence on screening and
confirmation harms with limited internal and external validity.

Detailed Results

There were no population-based RCTs of harms of screening for hypertension compared with no
screening.

Screening Effects on Quality of Life and Psychological Outcomes

The two included RCTs (N=197), one prospective cohort (N=139), and two cohorts derived from
RCTs (N=985) examined the effects of screening on various measures of quality of life, mood,
and psychological distress; the validated QOL scales included GHQ,** SF-12,'% and SF-36,’
and the validated mood scale used was the Amsterdam Mood List**® and the hospital anxiety and
depression scale (HADS)'®2 (Appendix E Table 7). The two RCTs compared the effects of
labeling individuals as prehypertensive versus generic counseling without reference to their
prehypertensive status.'® 17 In both trials, labeling individuals as prehypertensive was not found
to have any adverse effects on physical or mental health after 3 months. Two prospective cohort
studies of individuals being evaluated for inclusion in hypertension treatment trials examined the
short-term quality-of-life impact of the identification of hypertensive status.'*® 10 One of these
cohorts evaluated a validated mood scale and unvalidated QOL-related item results comparing
scores before and after hypertension diagnosis,'*® while the second cohort compared validated
QOL scale results before and after screening.*®® Similar to the results of the RCTs, these studies
found no effects of screening or labeling on participant quality of life. One cohort assessed the
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psychological impact of 28 days of self-monitoring, followed by 24-hr ABPM using the HADS.
This study found that the proportion of participants anxious or depressed at baseline decreased
after monitoring. The authors concluded that out-of-office BP monitoring may induce feelings of
anxiety in some patients but does not appear to be harmful.*%? (Appendix E Table 7)

Absenteeism

The two studies report mixed results on hypertension diagnosis on absenteeism (Appendix E
Table 8). One industrial worksite-based cohort study by Haynes et al (N=208) compared the
rates of absenteeism among individuals with hypertension with their absenteeism during the year
prior to screening and then stratified results by previously aware and previously unaware
subgroups. Overall, compared with the year before screening, days of absenteeism increased 80
percent, with the largest rise among individuals who reported being previously unaware of their
hypertensive status.'*° This increase in absenteeism continued over 4 years for previously
unaware individuals, while those who reported being aware of their hypertension previously
remained relatively stable.'®? A second worksite study by Rudd et al (N=294) reported no
statistically significant differences in absenteeism due to illness (days/year) in the sustained
hypertensive group between the previously aware and previously unaware participants after
correction for matched controls™! (Appendix E Table 8).

Sleep Disturbance and Tolerability Associated With ABPM

Six cross-sectional studies'®® 18162 and one prospective cohort study*®® reported ABPM
tolerability or sleep disturbance in different populations (Appendix E Table 9). Four studies
addressed sleep disturbance attributed to the ABPM through the use of unvalidated participant
questionnairest®® 18159, 161 ang one study assessed sleep efficiency objectively in men and
women with untreated hypertension using wrist actigraphy!®® (Appendix E Table 9). The
definitions of sleep disturbance varied among studies, with self-reported rates ranging from 14
percent™®® in the largest study (N=2934) (defined as sleep deprivation >2 hours) to 70 percent'*®
(defined as being awoken by the monitor). In one study, 9 percent of individuals reported their
sleep was disrupted enough that they removed the monitor during the night.**® A prospective
cohort study (N=121) measured sleep efficiency and total sleep time on seven days of non-
ABPM days and three subsequent days of ABPM-monitoring.'®® This study found no evidence
that ABPM had an adverse effect on sleep quality (Appendix E Table 9).163

Three studies reported other adverse effects of ABPM, with mixed results.1°8 160161 Renorted
adverse events included pain/discomfort, bruising, and skin irritation (Appendix E Table 9). In
one study comparing tolerability of HBPM and ABPM, participants reported moderate to severe
daily restriction in the ABPM group compared with the HBPM group; HBPM was viewed more
favorably than ABPM by participants (82% vs. 63%) due to ease of use, comfort, and less
activity restriction.6°

One study (N=183) used an unvalidated questionnaire to measure the acceptability of self-

monitoring and ABPM and found that self-monitoring was preferable to ABPM (Appendix E
Table 9).162
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Chapter 4. Discussion

Summary of Evidence

The summary of evidence and context for this update can be found in Tables 19 and 20. There
were no population-based trials strictly evaluating screening for hypertension versus no
screening. We did include one trial of a community-based, multicomponent, CVD health-
promotion program on CVD health outcomes where hypertension screening was the primary
intervention. This trial showed a 9 percent relative reduction in the number of CVD-related
hospital admissions (KQ1). Given that hypertension screening is considered standard of care in
developed countries and there is an established evidence base linking asymptomatic hypertension
treatment to improved CVD outcomes,*%41%° we would not expect to find contemporary
population-based trials of hypertension screening. Thus, the focus of this review was on the
accuracy of screening (KQ2) and confirmatory blood pressure (KQ3) measurements, protocol
variations that may influence accuracy (KQ2a/KQ3a), and the harms of screening and
confirmation of hypertension (KQ4).

Our meta-analysis of 15 screening studies (N=11,309) using SBP/DBP thresholds and measuring
blood pressure at a single visit showed a pooled sensitivity of 0.54 (95% CI, 0.37 to 0.70) and a
pooled specificity of 0.90 (95% CI, 0.84 to 0.95) with considerable heterogeneity not explained
by participant or test characteristics (I sensitivity=97.8%; 12 specificity=97.1%). Evidence for
this key question is derived primarily from heterogeneous population-based samples and
heterogeneous measurement protocols deviating somewhat from commonly performed protocols
in current U.S. practice. These studies mostly used a mercury sphygmomanometer, had
participants rest for 5 minutes prior to measurement, and used the average of multiple
measurements, which is not standard in current clinical practice where single measurements are
performed immediately upon rooming patients. Studies comparing protocol variations showed
mixed results, making it difficult to arrive at conclusions about the ideal protocol to maximize
screening accuracy.

In contrast to KQ?2 results, which showed that initial screening with OBPM is not sensitive but is
specific in an unselected population, KQ3 showed that confirmatory modalities, when applied to
a preselected population with an initially elevated OBPM, are generally sensitive but not
specific. The only two confirmation modalities with sufficient data for quantitative pooling,
OBPM and HBPM, showed roughly similar test accuracy with overlapping confidence intervals.
Meta-analysis of eight OBPM confirmation studies (N=53,183) reporting SBP/DBP thresholds
showed a pooled sensitivity of 0.80 (95% CI, 0.68 to 0.88) and a pooled specificity of 0.55 (95%
Cl, 0.42 to 0.66) with considerable heterogeneity (12 sensitivity=99.2%; 12 specificity=98.6%).
Meta-analysis of four HBPM confirmation studies (N=1,001) showed a pooled sensitivity of
0.84 (95% ClI, 0.76 to 0.90), and pooled specificity of 0.60 (95% CI, 0.48 to 0.71), also with
considerable heterogeneity (12 sensitivity=85.1%; 12 specificity=77.8%). Only one study each
examined the accuracy of self-OBPM or truncated ABPM using SBP/DBP thresholds; the self-
OBPM study (N=698) showed high sensitivity and low specificity (0.92 and 0.25), while the
truncated ABPM study (N=126) showed a high sensitivity and moderate specificity (0.94 and
0.76, respectively), in a population for whom the ABPM indication was borderline hypertension.
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There is scant evidence on how protocol variations influence accuracy for confirmatory OBPM
or HBPM. Again, the research protocols in these studies are different than those followed in
common clinical practice where a single repeated measurement is often used for confirmation
and multiple values are rarely averaged; when home blood pressure measurement is used for
confirmation in practice, patient instructions for measurement and result interpretation are
variable.

Evidence on harms of screening and confirmation is limited but generally suggests that direct
harms of screening and confirmation are minimal. The more important potential indirect harm of
screening is misdiagnosis (missed cases or overdiagnosis and overtreatment). Some have argued
that the 2017 ACC/AHA guideline? advocating more aggressive treatment targets did not
consider the totality of evidence, such as a systematic assessment of harms of more intensive
treatment goals.'% 17° The downstream adverse events of treatment may be greater in magnitude
with more intensive treatment, 166 171-176

Comparison to Results of Other Systematic Reviews

To our knowledge, this is the only systematic review comparing the accuracy of office-based
screening with the ABPM gold standard. A large, international, individual patient data meta-
analysis of population-based cohorts, the International Database of Ambulatory Blood Pressure
in relation to Cardiovascular Outcome (IDACQO) (N=4997), reported data that allowed us to
calculate accuracy for office blood pressure measurements. Sensitivity is reasonably consistent
with our results (0.66 [95% ClI, 0.64 to 0.68]), while specificity is slightly lower than our pooled
estimates for KQ2 (0.82 [95% Cl, 0.81 to 0.83]).%” Given the high prevalence and clinical
importance of hypertension, it is surprising that there are not more reviews examining the
accuracy of screening office blood pressure measured on one or more occasions, as is performed
in current practice. Other systematic reviews have estimated test accuracy for confirmatory
office or home measurements, but these studies include mixed populations (treated and untreated
individuals, and populations with and without a previous elevated blood pressure).34 66177178
Reported pooled point estimates for sensitivity and specificity for OBPM in these reviews ranged
from 0.75 to 0.82 and 0.41 to 0.76, respectively, and for HBPM ranged from 0.86 to 0.90 and
0.62 to 0.84. These reviews have overlapping confidence intervals with our pooled sensitivity for
KQ3, however, reported specificities are quite variable and likely reflect heterogeneity in
populations and measurement protocols.

Although mm Hg difference in blood pressure between modalities was not a prespecified
outcome in our review, we performed an exploratory analysis of this outcome in our included
studies. The relationship between OPBM and ABPM values was inconsistent in our included
studies of OBPM screening accuracy (KQz2). Within-study differences for SBP ranged from -9.3
mm Hg (ABPM>0BPM)!! to 12.6 mm Hg (OBPM>ABPM);*® within-study differences for
DBP ranged from -3.6 (ABPM>0BPM)!% to 11.0 (OBPM>ABPM).*® Between-study
heterogeneity and large standard deviations in screening blood pressures within individual
studies preclude identification of characteristics associated with higher or lower OBPM relative
to ABPM from this body of literature. An analysis of IDACO by Conen and colleagues,* which
has the advantage of including individual patient data, suggests that on average, OBPM may be
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lower than ABPM in younger age strata (-6.0 mm Hg in ages 18-30 years) compared with the
reverse phenomenon in the oldest age strata (13.1 mm Hg in ages >70 years). However,
screening blood pressures similarly exhibit wide variation in these data, particularly at older
ages, so the influence of age on OBPM-ABPM differences should be interpreted cautiously. We
were unable to further analyze how age may influence this association because of lack of
outcome reporting by age. In contrast to the inconsistent association we found between OBPM
and ABPM in screening studies (KQ2), OBPM appears to be consistently higher than ABPM in
the included studies that examined populations with a previous elevated screen (KQ3). Within
included KQ3 studies, SBP from OBPM was 3.0 to 17.2 mm Hg higher than ABPM and DBP
from OBPM was 1.8 to 12.8 mm Hg higher than ABPM. This more consistent association
between OBPM and ABPM in studies of confirmation measurement may be an expected finding,
given that individuals with masked hypertension would not be included in this population.

Understanding the Clinical Relevance of Test Accuracy of
Screening and Confirmatory Testing

Applying our pooled accuracies to a hypothetical cohort, it is apparent that screening for
hypertension with OBPM misses a substantial number of masked hypertension cases and to a
lesser extent, leads to treatment of white coat hypertension cases (Figure 5, Figure 6 and Table
20). The clinical significance of delays in the identification and treatment of masked
hypertension and in the treatment of white coat hypertension are not fully understood (as
discussed in the next section). Nonetheless, the evidence supporting hypertension screening and
treatment have historically been based solely on OBPM.

In a hypothetical population of 1,000 individuals age 40-60 years, using our pooled screening
accuracy of a single-occasion blood pressure measurement (0.54 sensitivity, 0.90 specificity) and
a prevalence of sustained hypertension of 30.6 percent based on ABPM,*? the PPV would be 70
percent and the NPV would be 82 percent. This translates to 165 true positives, 625 true
negatives, 141 masked hypertension cases (false negatives), and 69 treated white coat
hypertension cases (false positives) (Table 21). In clinical practice, patients rarely go on to
treatment based on a single office blood pressure measurement. A more likely clinical scenario
would be that those who screened positive on initial office blood pressure would return for at
least one additional office measurement, and treatment would be based on the repeat office
measurement. In this more realistic scenario, 132 sustained hypertension cases would be
detected; 174 with ABPM-defined HTN would be missed (masked hypertension) and would not
receive treatment, and 31 without ABPM-defined HTN (white coat hypertension) would receive
treatment (Figure 5). In a third clinical scenario in which only those who screened positive on an
initial office BP received repeat OBPM, then only those with positive repeat OBPM went on to
ABPM for confirmation and treatment decisions, 132 true cases would be detected and 174
would still be missed (masked hypertension), but none would receive potentially unnecessary
treatment (Figure 6). Therefore, treatment based on confirmatory ABPM (compared to treatment
based on confirmatory OBPM) does not change the masked hypertensive cases as these false
negatives occurred during the low-sensitivity initial screen, however, the ABPM confirmation
does avoid treating a small number of white coat hypertensives with lifelong antihypertensive
treatment.
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While exceedingly few of our included studies reported direct comparative accuracy data, we can
apply the accuracy point estimates for each modality to our hypothetical population (Table 22)
Not surprisingly, the most accurate strategy for identifying sustained and masked hypertension
based on an ABPM-based hypertension definition is to screen the entire population with ABPM.
Clearly, this is a resource intensive strategy with feasibility challenges given the OBPM standard
of care and limited ABPM accessibility.>* The next most accurate strategy is to apply ABPM
confirmation for all of those with elevated screening OBPM. The remaining confirmation
strategies correctly classify a similar percentage of the population but any strategy that does not
use ABPM for confirmation and treatment decisions introduces treatment of a number of white
coat hypertension cases. This hypothetical cohort example should be interpreted with caution.
First, very few of these studies were designed as direct comparative studies and measured the
same participants with different modalities.'* 135 Moreover, these are based on pooled estimates
with considerable statistical, clinical and methodologic heterogeneity, and the strength of
evidence was rated as low. Regardless, in every screening and confirmation strategy except that
using ABPM alone, there are a considerable number of missed cases.

In the traditional screening paradigm, high sensitivity is valued at the first step to detect as many
potential cases as possible, and high specificity is valued for confirmatory testing to rule out the
false positives detected during highly sensitive initial screening. Screening for hypertension
currently shows the opposite pattern, with a lower sensitivity/higher specificity at initial
screening—Ieading to missed cases—and a higher specificity/lower sensitivity at the
confirmatory step—Ieading to possible overtreatment in normotensive adults. This may be
because those patients who screen positive could have blood pressures that are closer to
borderline thresholds and their cases could be more difficult to diagnose. While missing cases
(low sensitivity) will leave patients at risk for CVD events without treatment, rescreening is
common in clinical practice, so in those populations with adequate access to healthcare, there
may be ample opportunity to identify these individuals at another healthcare visit. The clinical
significance of the delay in identification and treatment of masked hypertension is incompletely
understood but would presumably depend on its duration. An analysis of data from the Spanish
ABPM registry (a preselected population with previous elevated screen that was included for
KQ3) found that among untreated individuals, masked hypertension status was maintained by 47
percent with a median followup of 3 months (interquartile range 0-13), and 33 percent of those
with masked hypertension transitioned to sustained hypertension during this period.?® A longer-
term study in a different population suggests that delays may persist. In a workplace-based study
of adults not selected based on blood pressure, which may be the more germane population,
masked hypertension status persisted in 38 and 18.5 percent, respectively, after 3 and 5 years and
26 and 37 percent of masked hypertensives progressed to sustained hypertension after 3 and 5
years, respectively.}’® Some researchers have posited that age is the mechanism by which
masked hypertension is unmasked. Shimbo and colleagues'® have hypothesized that as both
OBPM and ABPM increase with age, ABPM first exceeds the diagnostic threshold while OBPM
remains normotensive—and that OBPM will eventually cross the diagnostic threshold, resulting
in sustained hypertension. With respect to white coat hypertension, adhering to a do-no-harm
philosophy, potential overtreatment and ensuing lifelong treatment with possible side effects may
be important to avoid.!”’
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White Coat and Masked Hypertension

As discussed above, white coat and masked hypertension are both common with clinical
significance and management that remain highly debated.!8% 18 |n the IDACO individual patient
data meta-analysis of population-based studies, the prevalence of white coat hypertension in
untreated adults defined by a 24-h ABPM reference standard was 7.9 percent and the prevalence
of masked hypertension was 14.3 percent (calculated from data reported by Conen and
colleagues®®). These prevalences are consistent with those in our included studies, in which white
coat hypertension ranged from 0 to 22 percent (weighted mean 9.6 percent) and masked
hypertension ranged from 2 to 31 percent (weighted mean 11.0 percent). Existing meta-analyses
suggest that for untreated individuals generally recruited from population-based cohorts,
cardiovascular risk progressively increases in ABPM phenotypes, in the order of normotension,
white coat hypertension, masked hypertension, and sustained hypertension (Table 23).38 39, 182-185
Most of the prognostic literature addresses white coat hypertension compared to a normotensive
reference group and synthesized literature shows mixed results. A 2019 study-level meta-
analysis by Cohen and colleagues'® reported a hazard ratio of 1.36 (95% Cl, 1.03 to 2.00) for
untreated white coat hypertension compared to normotension, where adjustments for
cardiovascular risk factors from the primary studies were used. In contrast, an individual patient-
data meta-analysis by Asayama and colleagues® found that the risk for white coat hypertension
was not statistically significantly increased compared to normotension (1.21 [95% CI, 0.91 to
1.61) in untreated individuals when using a 24-h ABPM reference standard (adjusting for age,
sex, BMI, smoking, drinking, total cholesterol, diabetes, CVD history and cohort). Adjustment
for blood pressure values is not common in the primary studies that contribute to the Cohen
analysis and the Asayama analysis does not control for blood pressure values, thus, some have
argued that residual confounding remains since out-of-office blood pressure has been higher in
white coat hypertensives compared to normotensives, which may partially explain increased
CVD risk.'® Shimbo and Muntner extend the Cohen analysis to compare the risk of CVD events
for sustained hypertension compared to normotension (HR 2.31 [95% CI, 1.91 to 3.15]) and
conclude that the risk associated with untreated white coat hypertension is only moderately
increased.'® In a smaller number of systematic reviews evaluating prognosis of masked
hypertension, evidence consistently shows that masked hypertension confers an increased risk of
cardiovascular events compared with normotension.®® 3% We identified only one source reporting
the prognosis of masked hypertension compared with a sustained hypertension reference group;
it showed that masked hypertension has a more favorable prognosis (for fewer) CVD events
(adjusted HR 0.70 [95% CI, 0.54 to 0.91]).%® This same analysis reports an adjusted hazard ratio
of 0.51 (95% Cl, 0.40 to 0.64) for the risk of CVD events in those with white coat hypertension
compared to a sustained hypertension reference group.

Masked hypertension is not detectable within the current paradigm of office-based screening.
Given the barriers to routine use of ABPM, multivariate risk prediction models or single risk
factors could be an efficient strategy to identify a targeted population for whom out-of-office
measurement might be most useful. One such risk prediction model is PROOF-BP, an externally
validated triage approach that uses basic clinical characteristics (age, sex, BMI, previous
diagnosis of hypertension, and history of CVD) and a set of 3 OBPM measures taken at one visit
to identify those with definitively normal blood pressure, those with definitively high blood
pressure, and those requiring further testing with ABPM.8 PROOF-BP is intended to be used in
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patients with suspected hypertension. In the validation subset limited to those with no previous
history of hypertension, the use of the triage protocol correctly classified 91 percent of people
against a daytime ABPM reference standard (244/268 people). The sensitivity of the protocol
was 0.95 (95% Cl, 0.92 to 0.98), and the specificity was 0.85 (95% CI, 0.78 to 0.92). In this
population, 62 percent of participants were referred for ABPM, suggesting that the triage
protocol can result in meaningful reductions in the need for ABPM referrals while maintaining
good accuracy. Use of a triage tool may represent an intermediate approach between the ABPM
everyone strategy and the office to ABPM strategy (Table 22). However, to avoid missed cases
that are introduced from the initial screen, a triage approach for an unselected population would
be helpful. A free, web-based version of BP-PROOF is available online at
https://sentry.phc.ox.ac.uk/proof-bp/.

Because of the diagnostic overlap between prehypertension and masked hypertension, several
investigators have examined whether an OBPM level alone can be established that would
effectively identify a population for whom ABPM should be used to detect masked hypertension.
Additionally, AHA guidelines suggest screening for masked hypertension in adults with
untreated office blood pressures that are consistently between 120 mm Hg and 129 mm Hg for
SBP or between 75 mm Hg and 79 mm Hg for DBP.*° In a population not selected for previous
OBPM elevation, Shimbo and colleagues'®® found that masked hypertension was rare (3.9%)
when OBPM was <120/80 mm Hg. However, other analyses have found that this threshold may
result in an excess number of ABPM tests being conducted.'®” Using NHANES data, Booth and
colleagues found that a cutpoint of >120/80 mm Hg has high sensitivity (0.825) and lower
specificity (0.615) and would refer 59.3 million U.S. adults to ABPM. A higher threshold of
>130/85 mm Hg has lower sensitivity (0.423) and higher specificity (0.866) and would result in
fewer adults—20.3 million—being referred for ABPM. As a means to balance sensitivity and
specificity, these researchers developed and validated an OBPM index (clinic SBP+1.3*clinic
DBP) that could be used to refer adults to ABPM.

Estimated 10-year CVD risk could also be used to identify subpopulations that may benefit from
ABPM to identify masked hypertension. An analysis of the Jackson Heart Study found that
increased 10-year risk is associated with a higher prevalence of masked hypertension and that as
many as two-thirds of those with >10 percent 10-year CVD risk have masked hypertension.
However, the discrimination of CVD risk was not better than using clinic BP alone.'®® A recent
analysis examining the comparative effectiveness of different blood pressure treatment
approaches demonstrated that strategies based on CVD risk alone or a combination of both blood
pressure threshold and CVD risk prevented more events than treatment strategies based on blood
pressure threshold alone. 1%

The most recent AHA guidelines use both BP level and CVD risk to guide treatment, and
recommend initiation of pharmacological treatment based on ABPM or HBPM, thus calling for
treatment of masked hypertension but not white coat hypertension.® Historically and in current
clinical practice, treatment decisions have been made based on office measurements, reflecting
the treatment literature showing CVD benefit based on trials using OBPM inclusion criteria and
OBPM treatment targets. Assuming that the accuracy of blood pressure eligibility screens for
trial inclusion is similar to our confirmation populations in KQ3, these treatment trials include
white coat hypertensives who are presumably receiving some of the reported treatment benefit,
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unless there is unknown heterogeneity of treatment benefit by ABPM phenotype. An ABPM
substudy of the Systolic Hypertension in Europe (Syst-Eur) trial found that treatment did not
reduce cardiovascular events in those with white coat hypertension, which comprised about one-
quarter of the subsample.*® However, this study was limited to adults age 60 or older with
isolated systolic hypertension, defined by SBP 160-219 mm Hg, and was conducted in a
subsample of the larger trial so this analysis was not adequately powered. On the other hand, the
Hypertension in the Very Elderly (HY VET) trial of patients 80 years and older with SBP >160
mm Hg reported reduction in CVD mortality and all-cause mortality as well as stroke and heart
failure in the active treatment group; an estimated 40 to 60 percent of the participants may have
had white coat hypertension according to the ABPM substudy.'®* 1% HYVET authors posited
that it would be surprising if the substantial treatment benefits did not apply to those with white
coat hypertension since they comprised such a large proportion of participants. Contemporary
trial data using clinically relevant treatment thresholds are needed to clarify the potential benefit
of treatment in white coat hypertension. Additionally, research is urgently needed to identify
whether there is a benefit of treating masked hypertension. Any potential treatment benefit of
masked hypertension is not being realized in clinical practice because screening office blood
pressure measurement is missing a large subpopulation of patients with masked hypertension. A
large Italian study is underway to compare intermediate cardiovascular outcomes in
antihypertensive treatment guided by OBPM versus 24-hr ABPM; however, this study is being
conducted in masked uncontrolled hypertensives (e,g., those already on treatment and with
OBPM <140/90 mm Hg, but elevated ABPM) (NCT02804074). A trial of treatment versus
placebo in treatment-naive and newly screen-detected masked hypertensives would most directly
answer this question; however, this is unlikely given ethical issues around withholding treatment
from a group with research for adverse prognosis (Table 23). A counterpoint to a call for trials in
individuals with white coat and masked hypertension would be a redoubled effort for blood
pressure to be measured in clinical practice in the same way that it is measured in the treatment
trials showing benefit.1% 194 Limited evidence on routine methods for measurement in current
practice suggests that these fall short of “research quality” protocols used in treatment trials,
including use of a validated and calibrated device, multiple measurements taken in one sitting,
measurement in both arms, and appropriate cuff size.

Rescreening

Professional organizations endorse rescreening intervals based on expert opinion and these
intervals range from every 1-5 years or according to clinician discretion.® 2 %8 1% There are
surprisingly few studies, and no randomized trials, designed to compare screening intervals for
blood pressure measurement. % 197 One small retrospective case-control study (N=372)
compared annual screening to current practice suggesting that annual screening can improve
specificity (0.820 vs. 0.704) without substantially changing sensitivity (1.00 versus 0.926).1%

The most recent systematic review (k=39; mean age 23.6 to 64.6 years; N’s ranging from 275 to
115,736) addressing rescreening interval was the previous 2014 report for the USPSTF, which
evaluated incident hypertension rates from a variety of cohort studies that concluded that
hypertension incidence following a normal blood pressure screen was highly variable, ranging
from 2.5 to 4.4 percent at 1 year, 1.2 to 12.3 percent at 2 years, and 6.6 to 24.9 percent at 3
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years.'®” Subpopulations identified to be at higher risk for incident HTN in that review included
older adults, persons with elevated BMI, African Americans, and persons with blood pressure in
the high-normal range. Thus, the USPSTF recommended a shorter rescreening interval of 1 year
in those with these risk factors, and an rescreening interval of 3 to 5 years in those without.

Since the publication of the previous review, analyses from large, U.S. population-based
cardiovascular cohorts as well as risk models confirm that these patient characteristics identified
in the last review are associated with higher incident hypertension rates, suggesting a more
tailored approach to screening interval may be warranted.1%9-203

Analyses of the broader outcome of CVD risk progression reinforce that individualized
rescreening intervals by risk may be appropriate. A retrospective analysis from the British
Whitehall Il cohort study of 6,964 individuals followed for mean of 22 years with repeated
biomedical screenings every 5 years to calculate 10-year ASCVD risk concluded that 5-year
intervals may be too frequent for low risk individuals to progress to the high risk category and
not frequent enough for intermediate and high risk individuals. Based on this analysis, authors
suggested 7-year interval, 4-year interval, and 1- year interval for low, intermediate, and high
risk individuals, respectively.?%*

AOBP

Many have suggested that there is a potential role for AOBP in replacing traditional office
screening and out of office confirmation modalities.?®® However, we found no studies of
unattended AOBP and only one study of attended AOBP reporting test accuracy (sensitivity and
specificity) against an ABPM reference standard. The single included KQ1 screening study
(CHAP) used attended AOBP but applicability issues regarding the setting of measurements,
which occurred in a community pharmacy, reduce relevance to U.S.-based primary care setting.°
The one attended AOBP study for KQ2 showed a sensitivity of 0.65 (95% CI, 0.54 to 0.75),
which is higher than our overall pooled estimate of OBPM but confidence intervals overlap; the
specificity of 0.74 (95% CI, 0.66 to 0.82) was lower than our pooled estimate and confidence
intervals did not overlap.8? This one study is insufficient for drawing conclusions about the
accuracy of attended AOBP, particularly in the context of a body of evidence with notable
methodologic and population heterogeneity.

While there are a dearth of studies reporting test accuracy of AOBP, many studies evaluate mean
BP differences between AOBP and other modalities. A 2019 systematic review and meta-
analysis by Roerecke et al® (31 articles, N=9279) evaluated the mean differences between
AOBP and other methods of BP measurement in treated and untreated individuals with systolic
AOBP of 130 mm Hg or more. They estimated a pooled mean difference of 14.5 mm Hg (95%
Cl, 11.8 to 17.2 mm Hg; n = 9; 1% = 94.3%) between systolic OBPM readings and AOBP but
similar awake ambulatory BP and AOBP readings, with a pooled mean difference of 0.3 mm Hg
(95% CI, —1.1 to 1.7 mm Hg; n = 19; 12 = 90%). While the results from this and other systematic
reviews may suggest that, on average, there are no statistical differences in pooled AOBP and
ABPM values, study-level AOBP and ABPM differences show substantial heterogeneity.2%¢ 207
More importantly, without analysis of test accuracy outcomes (e.g., sensitivity, specificity), it is
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not possible to conclude whether AOBP would result in similar clinical screening and diagnostic
results as ABPM or HBPM. Complicating this issue is conflicting literature questioning the
equivalence of different AOBP models.?%® 2%° Future studies recruiting untreated individuals
reporting accuracy outcomes for AOBP in the setting of screening and confirmation are needed.
At least one AOBP test accuracy study is underway (Appendix G).

Limitations of Our Approach

For KQ1, we included a trial from the previous review!®’ that tested a CVD health promotion
intervention in a community-based setting; however, this intervention was largely a hypertension
screening intervention and was the only available trial carried forward from the last review.
Another multicomponent screening trial, VIVA, was not included because the independent
benefit of the hypertension screening component could not be evaluated separately from the
trial’s abdominal aortic aneurysm and peripheral artery disease screening interventions and other
CVD preventive interventions.?*® For all key questions, we sought to approximate screening
populations so excluded screening studies in which 20 percent or more of participants were
treated. While this limited the included studies, as mentioned above, the accuracy of blood
pressure measurements may be influenced by blood pressure variability and hypertension
medications may reduce such variations. As such, this limitation precludes extrapolating the
accuracy results from this review to treated populations. For KQ3, if a population was described
as being “referred for ABPM,” we accepted this to be relevant for KQ3. Although there are a
number of indications for ABPM, we considered the lack of treatment a proxy for an ABPM
indication of diagnostic confirmation. There are other indications for ABPM, so our included
populations may not strictly represent those referred for confirmation of diagnosis. Additionally,
we did not examine how subpopulation characteristics may have influenced accuracy, but given
the heterogeneity in study design for the set of accuracy studies (KQ2 and KQ3), it is unlikely
that such a subanalysis would have yielded credible results.

Our pooled analyses yielded considerable statistical heterogeneity which was not explained by
any single population or test characteristic, thereby limiting the precision of the point estimates.
Furthermore, included studies used heterogeneous reference standards (24-h, daytime, and
combination ABPM). Indeed, many studies reported that they conducted a 24-h ABPM test, but
they used a daytime reference standard to define true hypertension. Our hypothesis is that this
was done to achieve comparable measurement intervals among participants. In our main
analysis, we pooled all ABPM reference standards for inclusivity. We conducted exploratory
analyses limiting to studies using a 24-h reference standard and found higher sensitivity and
lower specificity for single visit OBPM screening accuracy (KQ2), and the opposite for the
OBPM confirmation modality (KQ3)—although confidence intervals overlapped between the
main analyses and exploratory analyses. Because there was additional population heterogeneity
in these studies that might confound results of pooling by reference standard modality, we
consider these analyses to be exploratory. Moreover, because of the rarity of studies reporting
accuracy using both a 24-h and daytime reference standard, we have little direct evidence for
comparative accuracy based on different reference standards. Very recent analyses from IDACO
have shown that 24-h and nighttime ABPM have prognostic value over and above daytime
ABPM and perhaps serve as a superior reference standard.*> However, most included studies use
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daytime ABPM as the reference standard (e.g., 13/20 studies in KQ2).

We did not include accuracy studies that only reported mm Hg differences between measurement
modalities or studies that only included kappas as a measure of agreement. While our review
defined hypertension as a dichotomous outcome in order to calculate sensitivity and specificity,
we acknowledge that blood pressure is a continuous variable associated with CVD risk.
Nonetheless, clinical decision-making to start treatment is almost entirely based on blood
pressures exceeding a defined threshold.

The previous review addressed the prognostic value of office, ambulatory and home blood
pressure measurements in predicting future CVD events.®” Based on that review, we solely
accepted ABPM as the gold standard for hypertension diagnosis and did not re-review the
evidence on the prognostic value of various blood pressure measurement modalities. That review
noted that the body of evidence for HBPM to independently predict CVVD outcomes is smaller
than the evidence for ABPM, and that direct evidence for the prognostic value of HBPM
compared to ABPM is sparse. However, this smaller body of evidence suggests but does not
confirm that HBPM may serve as a similar predictor of outcomes. HBPM was not an eligible
reference standard in the current review but could be considered an alternate reference
standard.?!

We did not systematically address the prognosis of white coat hypertension or masked
hypertension in our review, but we have discussed these clinically important issues in the
Discussion section to provide context. We did not address circadian blood pressure patterns and
screening for nighttime dipping. There is prognostic data to suggest that this is important.?'?
Finally, we did not address treatment harms. We acknowledge that there are important harms of
treatment, but they are beyond the scope of this review and screening framework.

Limitations of the Studies, Ongoing Research, and Future
Research Needs

Hypertension screening is a long-standing routine clinical practice based on treatment
effectiveness literature, so the lack of direct evidence (KQ1) from clinical settings would be
anticipated. Indeed, we are aware of no in-progress trials evaluating the effectiveness of blood
pressure screening alone versus no screening.?*® Given the clinical importance of hypertension as
a CVD risk factor, however, it is surprising that existing blood pressure screening and
confirmation accuracy literature is not more robust. Instead, this evidence base comprises a
heterogeneous group of studies with various populations and blood pressure measurement
protocols, resulting in inconsistent and imprecise accuracy estimates. Moreover, the included
protocol characteristics likely represent “research quality” measures not found in current
practice. Despite current interest in unattended AOBP, there is a lack of accuracy studies of
AOBP for screening or confirmation in an untreated, screening-relevant population. There are
limited data to compare the accuracy among the various confirmation modalities or to identify
optimal protocol characteristics for blood pressure measurement. A few ongoing studies are
particularly relevant in addressing the accuracy and feasibility of various screening and
confirmation algorithms in clinical practice?!*?'’ (Appendix G).
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Future research needs include:

e AOBP and kiosk-based accuracy studies for screening and confirmation in an untreated
population

e Accuracy studies with direct comparisons of different protocol characteristics (e.g., rest
times, number of repeated measurements over number of separate days, attendance of
measurement by medical personnel)

e Accuracy studies using the most recent AHA office threshold of 130/80 mm Hg
compared with the ABPM gold standard and accuracy studies with direct comparisons of
>130/80 mm Hg vs >140/90 mm Hg using the same ABPM reference standard threshold.

e Studies performed in diverse populations

e More studies evaluating the accuracy of truncated ABPM versus 24-h ABPM to
determine if a limited number of hours of ABPM is acceptable, thereby reducing a barrier
to confirmation with 24-h ABPM

e Externally validated risk models from large U.S. cohorts to identify higher risk adults for
whom more frequent screening may be appropriate

e Studies examining validated risk models to identify patients for masked hypertension
screening

¢ Clinical effectiveness trials examining the benefits and harms of treatment of white coat
and masked hypertension.

e Systems approaches to improve ABPM use for hypertension confirmation

Conclusions

Our meta-analysis demonstrated that blood pressure screening administered at a single visit has a
low sensitivity and adequate specificity for detection of hypertension, leading to a substantial
number of potentially missed cases. In contrast, we found that confirmatory office or home blood
pressure measurements, when applied to a preselected population, are generally more sensitive
but not specific. We did not identify any studies meeting inclusion criteria for unattended AOBP
or kiosk blood pressure measurements for screening or diagnostic confirmation. Scant literature
is available to inform best practices in blood pressure measurement protocols. Available
literature with design limitations suggests that the direct harms of screening and confirmatory
blood pressure measurements are minimal and the most notable harm of blood pressure
screening is likely misdiagnosis. Future research is needed to determine the best screening and
confirmatory algorithms including details on measurement protocols and blood pressure
thresholds for clinical practice and to clarify the benefits of treating white coat and masked
hypertension.
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Abbreviations: BP = blood pressure; CVD = cardiovascular disease; ESRD = end-stage renal disease; HF = heart failure; QoL = quality of life; PAD = peripheral artery disease.
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Figure 2. KQ2: Test Accuracy of Screening Office Blood Pressure Monitoring at a Threshold of 2140/90 mm Hg* to Identify Hypertension
Detected by Ambulatory Blood Pressure Monitoring, by Author

%

Author, Total % Pos

Year n HTN Scrn Sensitivity (95% CI) Specificity (95% CI)
Abdalla, 2016 282 344 128 —~— 0.33 (0.24, 0.43) '+ 0.98 (0.95, 0.99)
Fagard, 2005 243 313 428 | ——  0.71(0.60, 0.80) ~ | 0.70(0.63, 0.76)
Gourlay, 1993 66  28.8 30.3 —— 0.74(0.51, 0.88) — 0.87 (0.75, 0.94)
Hansen, 2006 1385 46.7 31.6 * 0.56 (0.52, 0.60) * 0.90(0.87,0.92)
Ishikawa, 2010 129 341 326 ——  0.70 (0.56, 0.82) — 0.87(0.78, 0.93)
Kanno, 2010 775 139 19.4 —t 0.48 (0.39, 0.57) <+ 0.85(0.82, 0.88)
Lyamina, 2012 269 126 0 i 0.00 (0.00, 0.10) ' +1.00 (0.98, 1.00)
Mancia, 2006 2024 33 42 .+ 0.74(0.71,0.77) + | 0.74(0.71,0.76)
O'Flynn, 2016 577 21  37.6 = 0.77 (0.69, 0.83) ~ 1 0.73(0.69, 0.77)
Poudel, 2019 432 889 625 | - 0.68 (0.63, 0.73) —- 0.83(0.70, 0.91)
Scuteri, 2016 2955 27.2 34.6 i + 0.92(0.90, 0.94) + 0.87(0.86, 0.88)
Shimbo, 2012 813 18.8 8.9 - 0.33 (0.26, 0.40) |« 0.97 (0.95, 0.98)
Thomas, 2017 441 317 143 - 0.31 (0.24, 0.40) '+ 0.94 (0.90, 0.96)
Wei, 2016 717 155 10.5 - 0.34 (0.26, 0.43) '+ 0.94 (0.92, 0.96)
Wojciechowska. 2016 201  32.8 30.3 —— 0.62 (0.50. 0.73) —~ 0.85(0.78. 0.90)
Overall 0) <> 0.54 (0.37, 0.70) 4> 0.90 (0.84, 0.95)

T T T T 1 T T T T 1
0 .2 4.6 .8 1 0 .2 4.6 .8 1

Abbreviations: ABPM = ambulatory blood pressure measurement; AM = daytime; CI = confidence interval; combo = combination; Dx TH = diagnostic threshold; HTN =
hypertension; n = number; PM = nighttime; pct = percent; pos scrn = positive screen; 24 = 24-hour.

Notes: The ABPM diagnostic threshold for Wojciechowska is >130/80 mm Hg for 24 ABPM, >135/85 mm Hg for daytime ABPM, and >120/70 mm Hg for nighttime ABPM. For
Lyamina the diagnostic threshold is >135/85mm Hg for daytime ABPM, and >120/70 mm Hg for nighttime ABPM.

Sensitivity >=97.8; Specificity 1>=96.7.

*Gourlay used a threshold of >150/90 for OBPM.
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Figure 3. KQ3: Test Accuracy of Confirmatory Office Blood Pressure Monitoring at a Threshold of 2140/90 mm Hg to Identify
Hypertension Detected by Ambulatory Blood Pressure Monitoring, by Author

%
Author, Total % Pos
Year n HTN Scrn Sensitivity (95% ClI) Specificity (95% ClI
de la Sierra, 2017 45020 57.2 752 . 0.85 (0.85, 0.86) . 0.38 (0.38, 0.39)
Husain, 2017 404 75 30 -~ 0.35 (0.30, 0.41) —  0.85(0.77, 0.91)
Kotsis, 2008 1535  47.8  51.1 <1 0.70(0.66,0.73) L. 0.66 (0.62, 0.69)
Manios, 2008 2004 486 715 + 0.89(0.87,0.91) . 0.45 (0.42, 0.48)
Nasothimiou, 2012 361 77 78.1 + 0.85 (0.80, 0.88) —o—l 0.43 (0.33, 0.54)
Shin, 2015 1262 615 58.8 + 0.71(0.68,0.74) - 0.61 (0.57, 0.66)
Tocci, 2018 2209 67 76.2 + 0.90(0.88,0.91) * 0.52 (0.48, 0.55)
Ungar, 2004 388 74 825 + 0.89(0.84,0.92) —~ 0.35 (0.26, 0.44)
Overall ) 0.80(0.68,0.88) > 0.55 (0.42, 0.66)

| | | :I | | | : | | |

2 4 6 8 0 2 4 6 8 1

Abbreviations: ABPM = ambulatory blood pressure measurement; AM = daytime; CI = confidence interval; Dx TH = diagnostic threshold; HTN = hypertension; n = number; pct
= percent; pos scrn = positive screen; 24 = 24-hour.

Note: Sensitivity 1>=99.2; Specificity [>=98.6.
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Figure 4. KQ3: Test Accuracy of Confirmatory Home Blood Pressure Monitoring at a Threshold of 2135/85 mm Hg to Identify
Hypertension Detected by Ambulatory Blood Pressure Monitoring, by Author

%

Author, Total % Pos
Year n HTN  Scrn Sensitivity (95% CI) Specificity (95% CI)
Bayo, 2006 181 59.1 65.2 —0—5 0.76 (0.66, 0.83) —0—5 0.50 (0.38, 0.62)
Nasothimiou, 2012 361 77 76.2 E—* 0.87 (0.83, 0.91) —;5— 0.61 (0.51, 0.71)
Nunan, 2015 203 53.7 729 E—‘- 0.93 (0.86, 0.97) —0—5 0.50 (0.40, 0.61)
Park, 2017 256 80.1 66 -0-5 0.77 (0.71, 0.83) ; —e— (.78 (0.65, 0.89)
Overall <> 0.84 (0.76, 0.90) <> 0.60 (0.48, 0.71)

| | | | IE | | | | i | |

0 2 4 6 8 1 0 2 4 6 8 1

Abbreviations: ABPM = ambulatory blood pressure measurement; AM = daytime; CI = confidence interval; Dx TH = diagnostic threshold; HTN = hypertension; n = number; pct
= percent; pos scrn = positive screen; 24 = 24-hour.

Notes: Sensitivity [’=85.1; Specificity 1>=77.8.
The pooled analysis for Nunan, 2015 used accuracy for HBPM measured over 1-7 days; analyses for alternate intervals reported in KQ3a.
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Figure 5. Hypothetical Screening With Confirmation Testing Done in Office, Treatment Based on Repeat OBPM Confirmation

Legend
— Action in clinical practice
Testing not pursued

1 Unknown true ABPM categories

Repeat visit OBPM
for Confirmation

234
screened
positive

Single visit OBPM
For Screening

1000 people

766
screened  f-==IIlllo .
negative

True category unknown because ABPM not performed

163 OBPM-
confirmed
positive

71 OBPM
confirmed
negative

HTN

Implications

Treatment
of white
coat

Missed
opportunity to
treat masked

Missed
opportunity to
treat masked

Correctly
classified, N=795

Incorrectly
classified, N=205

Assumptions: Prevalence of 30.6% based on 24-h ABPM in untreated population 40-60 years old based on IDACO IPD-MA..3? Screening OBPM sensitivity 0.54, specificity 0.90
based on KQ2 pooled estimates; for confirmatory testing with OBPM, sensitivity 0.80, specificity 0.55 based on KQ3 pooled estimates.

Abbreviations: ABPM = ambulatory blood pressure measurement; OBPM = office blood pressure measurement; HTN = hypertension; N = number; tx = treatment.
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Figure 6. Hypothetical Screening and Repeat Office Testing With ABPM Confirmation, Treatment Based on ABPM Confirmation

Legend
— Action in clinical practice
Testing not pursued

1 Unknown true ABPM categories

Repeat visit OBPM

234
screened
positive

Single visit OBPM
For Screening

1000 people

766

screened  pe=sIIiIloo_ o

negative

Assumptions: Prevalence of 30.6% based on 24-h ABPM in untreated population 40-60 years old based on IDACO IPD-MA .3* Screening OBPM sensitivity 0.54, specificity 0.90

ABPM confirmation

163 positive
on repeat
OBPM

71 negative
on repeat  [l__

132 confirmed
positive on ABPM

31 confirmed
negative on ABPM

OBPM T

38 without
HTN

Implications

opportunity to
treat masked

Missed
opportunity to
treat masked

based on KQ2 pooled estimates; for confirmatory testing with OBPM, sensitivity 0.80, specificity 0.55 based on KQ3 pooled estimates.

Correctly
classified, N=826

Incorrectly
classified, N=174

Abbreviations: ABPM = ambulatory blood pressure measurement; OBPM = office blood pressure measurement; HTN = hypertension; N = number; tx = treatment.
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Table 1. Blood Pressure Classifications

JNC7 Blood Pressure | SBP (mm DBP (mm ACC/AHA HTN SBP (mm Hg) DBP (mm

Classification? Hg) Hg) categories®®t 9 Hg)

Normal <120 and <80 Normal <120 and <80

Prehypertension 120-139 or 80-89 Elevated 120-129 and <80

Stage 1 hypertension 140-159 or 90-99 ﬁtage L . 130-139 or 80-89
ypertension

Stage 2 hypertension* >160 or >100 ﬁtage 2 . 2140 290
ypertension

*Previous definitions of Stage 2 and Stage 3 hypertension have been combined under Stage 2 hypertension.
+ Individuals with SBP and DBP in 2 categories should be designated to the higher BP category. BP indicates blood pressure

(based on an average of >2 careful readings obtained on >2 occasions, as detailed in Section 4); DBP, diastolic blood pressure;
and SBP systolic blood pressure.

Abbreviations: ACC = American College of Cardiology; AHA = American Heart Association; DBP = diastolic blood pressure;
HTN = hypertension; JNC 7 = Seventh report of the Joint National Committee on Prevention on Detection, Evaluation, and
Treatment of High Blood Pressure; mm Hg = millimeters of Mercury; SBP = systolic blood pressure.
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Table 2. Risk of Hypertension by Selected Demographic and Clinical Characteristics, NHANES

1999-2012

Demographic or Clinical Characteristic

Odds Ratio (95% CI) for Prevalent Hypertension

Age <45 vs 265

0.08 (0.07-0.10)

Age 45-64 vs 265

0.35 (0.32-0.39)

Black vs white

1.86 (1.64-2.12)

Hispanic vs white

0.87 (0.74-1.03)

Male vs female

1.10 (1.01-1.22)

Diabetes vs no diabetes

1.58 (1.38-1.79)

Increase of BMI by 5 kg/m?

1.44 (1.38-1.49)

Smoker vs nonsmoker

0.96 (0.85-1.08)

Treated vs untreated for cholesterol

2.29 (2.00-2.63)

Abbreviations: CI = confidence interval; kg/m? = kilogram per square meter; NHANES = National Health and Nutrition

Examination Survey; vs = versus.
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Table 3. Prevalence of Hypertension (2140/90 mm Hg or Taking Anti-Hypertensive Medication)
Among Adults Aged 20 Years and Older in the United States, 2015-2016%8

Demographic Characteristic Men Women
Overall All individuals 30.2 27.7
18-39 9.2 5.6
Age (years) 40-59 37.2 29.4
=60 58.5 66.8
Non-Hispanic White 29.7 25.6
Non-Hispanic Black 40.6 39.9
Race Hispanic 27.3 28.0
Asian 28.7 21.9
American Indian/Alaska Native NR NR

Since 1999, BP in NHANES has been measured in a mobile examination center by a physician by taking 3 consecutive blood
pressure readings in the same arm which are then averaged.

Abbreviations: BP = blood pressure; mm Hg = millimeters of mercury; NHANES = National Health and Nutrition Examination
Survey; NR = not reported.
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Table 4. Recommendations of Others for Screening and Confirmation of a Hypertension Diagnosis

Organization,

Frequency

Initial Screening

Confirmation

2017 American
College of
Cardiology/
American Heart
Association
(ACC/AHA)
Guideline for the
Prevention,
Detection,
Evaluation and
Management of
High Blood
Pressure and
Adults?®

In adults with white coat HTN,
annual monitoring with either
ABPM or HBPM is reasonable
to detect transition to sustained
hypertension

Proper methods are recommended for accurate
measurement and documentation of BP in the office,
including: having the patients sit in a chair with feet on
the floor and back supported for >5 mins ; no caffeine,
exercise, or smoking for at least 30 minutes before
measurement; ensure patient has emptied bladder; no
talking during the rest period or measurement; remove
all clothing in location of cuff placement; using a
validated and calibrated device; supporting the patient’s
arm; positioning cuff at the midpoint of the sternum;
using the correct size cuff; record BP in both arms
during first visit, using the arm with the higher reading
for subsequent readings; separate repeated
measurements by 1-2 minutes; use proper deflation
speed for auscultatory readings; properly document the
readings; average at least 2 readings obtained on at
least 2 occasions to estimate BP; and provide patient
SBP and DBP both verbally and in writing

Out-of-office BP measurements are recommended to
confirm the diagnosis of hypertension

In adults with an untreated SBP 130-160 mm Hg or
DBP 80-100 mm Hg it is reasonable to screen for the
presence of white coat hypertension by using either
daytime ABPM or HBPM before diagnosis of
hypertension

In adults with untreated office BPs that are consistently
between 120-129 mm Hg SBP or between 75-79 mm
Hg DBP, screening for masked hypertension with
daytime ABPM or HBPM is reasonable

2019 National
Institute for Health
and Clinical
Excellence®8*

Recheck every 5 years for
adults with normal BP and
consider rechecking more
frequently for adults with BP
close to 140/90 mm Hg

Measure BP at least annually
in adults with DM without
previously diagnosed HTN or
renal disease

Ensure that healthcare professionals taking blood
pressure measurements have adequate initial training
and periodic review of their performance. Because
automated devices may not measure BP accurately if
there is pulse irregularity (for example, due to atrial
fibrillation), palpate the radial or brachial pulse before
measuring BP. If pulse irregularity is present, measure
blood pressure manually using direct auscultation over
the brachial artery. Healthcare providers must ensure
that devices for measuring BP are properly validated,
maintained and regularly recalibrated according to
manufacturers' instructions.

When measuring blood pressure in the clinic or in the
home, standardize the environment and provide a
relaxed, temperate setting, with the person quiet and
seated, and their arm outstretched and supported. Use
an appropriate cuff size for the person’s arm.

When considering a diagnosis of hypertension,
measure BP in both arms. If the difference in readings
between arms is >15 mm Hg, repeat the
measurements. If the difference in readings between
arms remains >15 mm Hg on the second measurement,

If the clinic blood pressure is between 140/90
and180/110 mm Hg, offer ABPM to confirm the
diagnosis of hypertension (use average of 214
measurement taken during the person’s usual waking
hours). ABPM diagnostic threshold: 2135/85 (daytime)

If a person is unable to tolerate ABPM, HBPM is a
suitable alternative to confirm the diagnosis of
hypertension (twice in morning and evening for at least
4 days, ideally 7 days and discard first day
measurements to obtain average value). HBPM
diagnostic threshold: 2135/85

If the person has severe hypertension and target organ
damage is identified, consider starting antihypertensive
drug treatment immediately, without waiting for the
results of ABPM or HBPM. If no target organ damage
is identified, repeat clinic blood pressure measurement
within 7 days.
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Table 4. Recommendations of Others for Screening and Confirmation of a Hypertension Diagnosis

Organization, Frequency

Initial Screening

Confirmation

measure subsequent BPs in the arm with the higher
reading.

If blood pressure measured in the clinic is 2140/90 mm
Hg, take a second measurement. If the second
measurement is substantially different from the first,
take a third measurement. Record the lower of the last
two measurements as the clinic blood pressure

Hypertension
Canada (formerly
the Canadian
Hypertension
Education Program
[CHEP])'®s

At all appropriate visits, which
is left to the discretion of each
practitioner

Measurement should be taken by health care
professionals who have been specifically trained to
measure blood pressure accurately using standardized
measurement techniques and validated equipment for
all methods.

AOBP is the preferred method of performing in-office
measurement. When using AOBP, a displayed mean
SBP 2135 or DBP 285 mm Hg is considered high.
When using non-AOBP, a mean SBP =140 or DBP =90
mm Hg is considered high. SBP between 130-139 and
DBP 85-89 is considered high-normal. If non-AOBP
used, at least 3 readings should be taken, and the

mean calculated after discarding the first measurement.

Diagnosis should be confirmed by performing out-of-
office measurement, if possible. ABPM is the
recommended measurement method; HBPM is
recommended if ABPM is not tolerated, not readily
available, or because of patient preference.

Using ABPM, patients can be diagnosed as
hypertensive if mean awake SBP is 2135 or DBP is
285 mm Hg or if the mean 24-hr SBP is 2130 mm Hg
or DBP 280 mm Hg

Using HBPM, patients can be diagnosed as
hypertensive if mean awake SBP is 2135 or DBP is
>85 mm Hg. Duplicate measurement should be done in
the morning and evening for 7 days, and results should
be averaged after excluding the first day’s readings. If
OBPM is high and mean HBPM is <135/85 mm Hg,
either repeat HBPM to confirm that HBPM is <135/85
mm Hg or perform 24-hr ABPM to confirm that mean
24-hr ABPM is <130/80 and mean awake ABPM is
<135/95 before diagnosing white coat hypertension. If
white coat hypertension is diagnosed, annual BP
measurement is recommended to monitor progression.

Serial office measurements over 3-5 visits can be used
if ABPM or HBPM is not available.

2018 European
Society of
Hypertension/Euro
pean Society of
Cardiology
Guidelines for the
Management of
Arterial
Hypertension™®

Screening programs for HTN
are recommended and all
adults should have their office
BP measured and recorded in
their medical file and be aware
of their BP.

Rescreen BP every 5 years if
BP remains optimal, rescreen

Auscultatory or oscillometric semiautomatic or
automatic sphygmomanometers are the preferred
method for measure BP in the doctor’s office. BP
measurement devices should be validated according to
standard protocols. The following techniques should be
used: allow patient to sit in a quiet environment for 5
minutes before beginning BP measurements; take at
least three BP measurements, in the sitting position,
spaced 1-2 min apart, and additional measurements if

The diagnosis of hypertension (mean 2140/90 mm Hg)
should be based on repeated office BP measurements
on more than one visit, except when HTN is severe, or
out-of-office BP measurement with ABPM and/or
HBPM provided that these measurements are
logistically and economically feasible.
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Table 4. Recommendations of Others for Screening and Confirmation of a Hypertension Diagnosis

Organization, Frequency

Initial Screening

Confirmation

every 3 years if BP remains
normal, and rescreen at least
annually if BP is high-normal.
Consider screening more
frequently in patients >50
years.

the first two differ by >10 mm Hg and consider the
average of the last two BP readings; use a standard
bladder (12-13 cm wide and 35 cm long), but have a
larger and a smaller bladder available for large (arm
circumference >32 cm) and thin arms, respectively;
have the cuff at the heart level, whatever the position of
the patient; measure BP in both arms at first visit to
detect possible differences.

Out-of-office BP is specifically recommended for a
number of clinical indications, including identifying
white-coast and masked hypertension.

Diagnostic threshold for HBPM is 2135/85 mm Hg. For
diagnostic evaluation BP, HBPM should be measured
daily on at least 3 days and preferably on 6-7
consecutive days; in the mornings as well as in the
evenings. BP should be measured in a quiet room, with
the patient in the seated position, back and arm
supported, after 5 min of rest and with two
measurements per occasion taken 1-2 min apart.
Home BP is the average of these readings.

Diagnostic threshold for daytime or awake ABPM is
mean 2135/85 mm Hg, mean =120/70 mm Hg for
nighttime or asleep ABPM, or =130/80 mm Hg for 24-hr
ABPM. 70% usable BP recordings are required for a
valid ABPM measurement session.

American Academy
of Family
Physicians (AAFP),
2015219

Not specified

Screen for high blood pressure in adults aged 18 years
or older. No additional details provided, but a link is
provided to the USPSTF recommendation with an
endorsement.

Obtain measurements outside of the clinical setting for
diagnostic confirmation before starting treatment. No
additional details provided, but a link is provided to the
USPSTF recommendation.

Joint National Recheck in 2 years for adults
Committee on with normal BP; recheck in 1
Prevention, year for adults with high-normal
Detection, BP

Evaluation and
Treatment of Blood
Pressure (JNC 7),t
20042

Measurements should be made by an operator who is
trained and regularly retrained in the standardized
technique, and the patient must be properly prepared
and positioned. Persons should be seated quietly for at
least 5 minutes in a chair, with feet on the floor, and arm
supported at heart level. Caffeine, exercise, and
smoking should be avoided for at least 30 minutes prior
to measurement. An appropriately sized cuff (cuff
bladder encircling at least 80 percent of the arm) should
be used to ensure accuracy. At least two
measurements should be made and the average
recorded.

Stage 1 hypertension diagnosis (140-159/90-99 mm
Hg) should be confirmed within 2 months after initial
elevated OBPM; the measurement method for
confirmation is not specified

Stage 2 hypertension (=160/2100 mm Hg) should be
confirmed within 1 month; those with 2180/110 mm Hg
evaluate and treat immediately.

Indications for the use of ABPM are: suspected white-
coat hypertension in patients with hypertension and no
target organ damage, apparent drug resistance,
hypotensive symptoms with antihypertensive
medication, episodic hypertension or autonomic
dysfunction. The ABPM diagnostic threshold is mean
2135/85 mm Hg (awake) or mean 2120/75 mm Hg

(sleep).

HBPM can be used prior to consideration of ABPM.
For those whose out-of-office BPs are consistently
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Table 4. Recommendations of Others for Screening and Confirmation of a Hypertension Diagnosis

Organization,

Frequency

Initial Screening

Confirmation

<130/80 mm Hg despite an elevated office BP, and
who lack evidence of target organ disease, ABPM or
drug therapy can be avoided. A protocol for HBPM is
not reported.

* Update currently in progress with expected publication August 2019; the update will include the following systematically reviewed question on confirmation: In adults with
suspected primary hypertension, what is the best method of measuring blood pressure (HBPM, ABOM, or OBPM) to establish the diagnosis and predict cardiovascular events?
+ The JNC 8 Panel did not address diagnosis of hypertension in its 2014 guidelines. The Supplement to the guidelines includes additional content not supported by a systematic
review but that is intended to aid in implementing the main guidelines. In the Supplement the JNC 8 Panel recommends averaging 2-3 measurements at each visit to establish a
diagnosis of hypertension. Definitions of hypertension were not addressed but thresholds for pharmacologic treatment were defined. HBPM and ABPM were not addressed?2°

Abbreviations: AAFP = American Academy of Family Physicians; ABPM = ambulatory blood pressure measurement; ACC = American College of Cardiology; ACP = American
College of Physicians; AHA = American Heart Association; AOBP = automated office blood pressure; BP = blood pressure; CHEP = Canadian Hypertension Education Program;
HBPM = home blood pressure monitoring; JNC = Joint National Committee on Prevention, Detection, Evaluation and Treatment of Blood Pressure; mm Hg = millimeters of
mercury; NR = not reported; OBPM = office blood pressure measurement; USPSTF = United States Preventive Services Task Force
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Table 5. Blood Pressure Measurement Modalities

Method | Brief Description

Office based BP measurement (OBPM) can be performed using the manual auscultatory* method
or with an oscillometricf sphygmomanometer.

Automated office BP (AOBP) is a specific type of OBPM where multiple pre-programmed

AOBP measurements, usually spaced one minute apart over 4-7 minutes, are taken while the patient is
alone in a quiet room.

Home blood pressure measurement (HBPM) is when an individual uses an automated oscillometric
HBPM device to measure BP while seated and resting at home; measurements are taken at one or more
times per day over days to weeks, but protocols vary.

Ambulatory blood pressure measurement (ABPM) is the use of a preprogrammed device typically
ABPM worn by patient for 12 or 24 hours during their normal activities (including sleep) in and outside of
the home; automated to take BPs at 20-30 minute intervals.

A kiosk is a station where BP is automatically assessed by a device that is triggered by the

Kiosk individual having their BP measured; kiosks are designed to operate without the assistance of
medical staff and are often located in pharmacies or other public or private settings.

* The manual auscultatory method involves a trained observer using a stethoscope to detect Korotkoff sounds, which are made by
the turbulent flow of blood past the restricted area created by the inflated cuff. The readings are made using a mercury or aneroid
sphygmomanometer at the brachial artery.

+ Oscillometric sphygmomanometers use a pressure transducer to assess the oscillations of pressure in a cuff during gradual
deflation. The point of maximum oscillation corresponds to the mean intra-arterial pressure. Systolic and diastolic measurements
are then calculated based on an empirically derived algorithm.

OBPM
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Table 6. Study and Baseline Population Characteristics of Included Studies for KQ2, by Author

Mean,

Mean

Fair

HTN), psychiatric

Primary care

Author, Year . . . Age Mean
’ Brief population | Recruitment N OBPM, ABPM, ’ % % o
Study name Country description setting analyzed | SBP/DBP SBP/DBP mean female | white Jo Ui Bl 2
Quality (mmHg) (mmHg) (range) kg/m
Abdalla, 2016°°
The Improving Community-
the Detection of based sample of | Community- " 34.9 (20-
HTN study us adults aged 20 to | based 282 116.0/75.6 124.5/77.7 81) 58.0 NR% 5.0 27.0
81
Fair
Fagard, 2005°! Adults 260 years
Belgium from primary Primary care 243 136.7/76.2 128.0/76.6* 70 (=60) 52.4 NR 7.2 26.7
Fair care practice
Gill, 201782 Qg;r'fn‘:'g%
BP-Eth UK previously Primary care | 211 NR NR %8 (40- |53 464 |57 28.1
. identified as
Fair :
hypertensive
Gosse, 2010 "
PROOF Community- 122.7178.8
France Adults =65 years based 738 141.4/87.1 65 (65-65) | 60.0 NR 4.3 24.9
Fair 118.0/75.8F
Gourlay, 19939 Untreated adults Community-
Australia agreeing to wear based y 66 133/82.7 130.8/75.7* 45 (21-67) | 37.9 NR NR 25.9
Fair ABPM recorder
Hanninen,
81 _ itv- -
2010 Finland Cg;r'f 35-64 g;’sngg‘””'ty 254 121.7/76.6 | 127.2/77.8* 2251 G5 1521 |NR |NR | 265
Fair
Hansen, 2006° Adults aged 41
MONICA Denmark | © /2 years, Community- | 4355 1276/81.5 | 1305777+ |13 1509 |00 |24 | 256
without major based 72)
Fair CVvD
Ishikawa, 20109 . .
Japan 5::r'ge”ts 220 g:srg?“”'ty' 129 132/82 121/74° 59.9 (220) | 52.7 NR 155 | 24.0
Fair
Kanno, 20109 *
Ohasama Study Community- 130.5/76.2
Japan Adults 240 years based 775 128.9/71.6 66.8 (NR) 72.3 NR 12.6 23.2
. 124.872.1F
Fair
. Pts without .
Larkin, 199880 : . Community-
us serious medical o 65 127.8/827 | 1328819t | 2310 1477 1100 |NR [ NR
disorders (except 69)
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Table 6. Study and Baseline Population Characteristics of Included Studies for KQ2, by Author

Mean,

Mean

Fair

<160/105 mm Hg

Author, Year . . . Age, Mean
Brief population | Recruitment N OBPM, ABPM, % %
gtl:giyt;ame (CEImLRY description setting analyzed | SBP/DBP SBP/DBP ?:aer?ge) female | white LRl Eg,gvllll"nz
(mmHg) (mmHg)
disorders and
those taking
antihypertension
meds
. Young subjects
Lyamina, 2012° Fuss free of CVD, DM | Cardiology | oo \R \R 256018 | ea |nr |0 05 6
Fai ussia or other outpatient§ 36) ’ '
air N
comorbidities
Mancia, 2006°8
PAMELA ltaly Adults 25-74 community- | 554 132.8/83.8 | 120.274.47 | 20925 | 494 NR NR 25.6
years based 74)
Good
O'Flynn, 2016%°
Mitchelstown Adults. aged 50 131/77*
cohort Ireland 0 69 y’ea%s Primary care | 577 134/83 ) 60 (50-69) | 53 NR 9 29
124/72
Fair
Poudel, 201910 African American 128/81*
CARDIA and White men Community- 54.5 (48-
us and women aged | based 432 120/73 S 60) 56 48.4 7.4 29.3
Fair 48-60
Scuteri, 2016°*
SardiNIA Residents aged Community- 49.0 (14-
Italy 214 years based 2955 124.3/77.3 119.3/74.61 102) 60.1 NR 6.5 25.7
Fair
Presumably
healthy students
Selenta, 2000102 and Ct?mm””'té’ c .
Canada | Members age ommunity- | 319 117.1/68.8 | 129.2/80.0 | 27 (17-68) | 51.7 70 NR NR
Fair 17-.68 years not based
taking
cardioactive
medications
Shimbo, 2012103
Masked Untreated adults 116.3/76.0
Hypertension | ;g 218 years with | Employment- | o, 5 (Meanof 3 | 123.1/77.4* | 451(NR) |584 |NR |36 |276
Study screening BP based readings)
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Table 6. Study and Baseline Population Characteristics of Included Studies for KQ2, by Author

Mean,

Mean

Author, Year . . . Age Mean
’ Brief population | Recruitment N OBPM, ABPM, ’ % % o
gtl:f“yt name (CEImLRY description setting analyzed | SBP/DBP SBP/DBP ?:aer?ne) female | white al EN/||I~nZ
y (mmHg) (mmHg) 9 9
Thomas,
104
iggIZson Heart Airican American Community-
us adults aged 20 to Y 441 124.5/74.6 127.1/78.2* NR (NR) 63.3 0 12.1 30.0
Study based
95 years
Fair
Teen-aged and
Wei, 2016195 older household
FLEMENGHO . members witha | Community- .
Belgium records of ABPM | based 717 120.7/74.8 122.8/76.1 38.2(NR) | 51.3 100 1.0 24.7
Fair and retinal
photography
Wojciechowska, "
2016106 Community- 122.9/76.8
Poland Adults 218 years 201 125.0/84.3 41.1 (NR) | 53.2 100 NR 25.0
based
. 118.9/73.41
Fair
*Daytime ABPM. Nighttime ABPM: 109/63.7.

+24-hr ABPM.

1 Reported 22% Black.

§ Participants were recruited from local colleges and businesses when they presented for annual examinations in an outpatient cardiology clinic.

Abbreviations: ABPM = ambulatory blood pressure measurement; BMI = body mass index; CARDIA = the Coronary Artery Risk Development in Young Adults study; CVD =
cardiovascular; DBP = diastolic blood pressure; DM = diabetes mellites; FLEMENGHO = the Flemish Study on Environment, Genes and Health Outcomes; HTN = hypertension;
kg/m? = kilograms per meter squared; NR = not reported; MONICA = MONItoring of trends and determinants in Cardiovascular Disease study; mm HG = millimeter of mercury;

OBPM = office-based BP measurement; PAMELA = Pressioni Arteriose Monitorate e Loro Associazioni study; PROOF = The Prognostic Indicator of Cardiovascular and

Cerebrovascular Events study; SBP = systolic blood pressure; UK = United Kingdom; US = United States; yr(s) = year(s).

Screening for Hypertension in Adults

82

Kaiser Permanente Research Affiliates EPC




Table 7. Test Characteristics of Included Studies for KQ2, by Author

Author, Year OBPM OBPM Device | Total # of Method of Interventionist | Resting | ABPM Reference
Trial name threshold(s), | (A or M) office determination attending time modality | threshold, mm
Quality mm Hg measurements (min) reference | Hg
in single visit
Abdalla, 2016°° 2140/90 Mercury sphyg | 3 Mean of 3 Research 1 Combined | 2135/85 (day) or
The Improving the (M) nurse/technician day and =120/70 (night)
Detection of HTN night
study
Fair
Fagard, 2005°! >140/90 Mercury sphyg | 3 Mean of 3 Participants' 5 Daytime >135/85
(M) usual PCP or
Fair assistant
physician
Gill, 201782 140/90* BpTru (A)f 18 Mean of second Research nurse | 5 Daytime 135/85*
BP-Eth and third readings
from the 3 visits
Fair 135/85* BpTru (A)f 18 Mean of second Research nurse | 5 Daytime 135/85*
and sixth readings
from the 3 visits
140/90* BpTru (A)f 18 First reading on Research nurse | 5 Daytime 135/85*
the first visit
Gosse, 2010 SBP 2140 Mercury sphyg | 2 Mean of 2 SBPs Physician 15 Daytime SBP 2135
Proof (M) while lying down
Fair
Gourlay, 1993% 2150/90 Mercury sphyg | 2 Mean of 2 Nurse NR Daytime 2135/85
(M)
Fair =2160/95 Mercury sphyg | 2 Mean of 2 Nurse NR Daytime 2135/85
(M)
Hanninen, 20108! 2140/90 Mercury sphyg | 8 Mean of 8 Nurse 15 Daytime =2140/85
(M)
Fair
Hansen, 2006% >140/90 Random zero 2 Mean of 8 NR 5 24-hr 24-hr: 2125/80
MONICA mercury sphyg
(M) Daytime Daytime: 2135/85
Fair
Ishikawa, 20109 2140/90 UA-631; A&D 2 Mean of 2 Physician 5 24-hr =>130/80
Company, Ltd,
Fair Tokyo, Japan
(A)
Kanno, 2010% >140/90 USM700F; 2 Mean of 2 Nurses or 2 24-hr 24-hr: 2135/85
Ohasama Study Ueda technicians
Electronic Daytime Daytime: 2140/85
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Table 7. Test Characteristics of Included Studies for KQ2, by Author

Author, Year OBPM OBPM Device | Total # of Method of Interventionist | Resting | ABPM Reference
Trial name threshold(s), | (A or M) office determination attending time modality | threshold, mm
Quality mm Hg measurements (min) reference | Hg
in single visit
Fair Work Co., Ltd.,
Tokyo, Japan
At
Larkin, 199880 140/90 Mercury sphyg | 9 Mean of 9 Research 10 24-hr 24hr: 2135/85
(M) assistant AND
Fair Combined | 2140/90
24-hr,
daytime, Combined:
nighttime | =139/87 (24-hr)
ABPM OR 2143/91 (day)
OR 2127/79
(night)
Lyamina, 2012°% >140/90 with | Mercury sphyg | 2 NR Cardiologist 20 Combined | 2135/85 (day) OR
breath-hold (M) day and =120/70 (night)
Fair night
>120/80 Mercury sphyg | 2 NR Cardiologist 20 Combined | 2135/85 (day) OR
(M) day and =>120/70 (night)
night
2140/90 Mercury sphyg | 2 NR Cardiologist 20 Combined | 2135/85 (day) OR
(M) day and >120/70 (night)
night
Mancia, 2006% 2140/90 Mercury sphyg | 3 Mean of 3 Physician 10 24-hr 2125/79
PAMELA (M)
Good
O'Flynn, 2016%° 2140/90 Omron Model 3 Mean of second NR 25 24-hr 24-hr: 2130/80
Mitchelstown cohort M7 (A) and third
Daytime Daytime: 2135/85
Fair
Nighttime | Nighttime:
2120/70
Combined
day and Combined day
night and night:
>135/85 (day) OR
2120/70 (night)
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Table 7. Test Characteristics of Included Studies for KQ2, by Author

Author, Year OBPM OBPM Device | Total # of Method of Interventionist | Resting | ABPM Reference
Trial name threshold(s), | (A or M) office determination attending time modality | threshold, mm
Quality mm Hg measurements (min) reference | Hg
in single visit
2130/80 Omron 3 Average of 2nd Trained and NR Daytime >130/80 AND
Poudel, 201910 HEMS907XL (A) and 34 certified staff 2135/85
CARDIA measurements
=>140/90 Omron 3 Average of 2n Trained and NR Daytime >130/80 AND
Fair HEM907XL (A) and 37 certified staff 2135/85
measurements
Scuteri, 2016101 2140/90 Mercury sphyg | 6 Mean of second NR 5 24-hr 2125/79 AND
SardiNIA (M) and third of both ABPM =>130/80
the right and left
Fair arm
Selenta, 2000102 SBP 2140 Dinamap 845 5 Mean of 5 NR NR Daytime >135/85
Vital Signs
Fair Monitor;
Critikon
Corporation (A)
DBP 290 Dinamap 845 5 Mean of 5 NR NR Daytime >135/85
Vital Signs
Monitor;
Critikon
Corporation (A)
SBP 2130 Dinamap 845 5 Mean of 5 NR NR Daytime =2135/85
Vital Signs
Monitor;
Critikon
Corporation (A)
SBP 2160 Dinamap 845 5 Mean of 5 NR NR Daytime >135/85
Vital Signs
Monitor;
Critikon
Corporation (A)
DBP =80 Dinamap 845 5 Mean of 5 NR NR Daytime =2135/85
Vital Signs
Monitor;
Critikon
Corporation (A)
DBP 2100 Dinamap 845 5 Mean of 5 NR NR Daytime =2135/85
Vital Signs
Monitor;
Critikon
Corporation (A)
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Table 7. Test Characteristics of Included Studies for KQ2, by Author

Author, Year OBPM OBPM Device | Total # of Method of Interventionist | Resting | ABPM Reference
Trial name threshold(s), | (A or M) office determination attending time modality | threshold, mm
Quality mm Hg measurements (min) reference | Hg
in single visit
Shimbo, 2012103 2120/80 Mercury sphyg | 9 Mean of 9 Research 25 Daytime 2135/85
Masked (M) nurse/
Hypertension Study technician
=>130/85 Mercury sphyg | 9 Mean of 9 Research =5 Daytime >135/85
Fair (M) nurse/
technician
2120/80 Mercury sphyg | 3 Mean of 3 from Research 25 Daytime 2135/85
(M) single visit nurse/
technician
=>130/85 Mercury sphyg | 3 Mean of 3 from Research =5 Daytime >135/85
(M) single visit nurse/
technician
>140/90 Mercury sphyg | 9 Mean of 9 Research =5 Daytime >135/85
(M) nurse/
technician
=>140/90 Mercury sphyg | 3 Mean of 3 from Research =25 Daytime >135/85
(M) single visit nurse/
technician
Thomas, 2017104 2140/90 Hawksley 2 Mean of 2 NR 5 Daytime 2135/85
Jackson Heart Study random zero
| sphyg (M)
Fair
Wei, 2016195 2140/90 Mercury sphyg | 5 Mean of 5 Nurse 5 Daytime =2135/85
FLEMENGHO (M)
Fair
Wojciechowska, 2140/90 OMRON 5 Mean of 5 Observer (not 15 Combined | 2130/80 (24-hr)
2016106 705CP (A) further 24-hr, OR 2135/85 (day)
specified) daytime, OR 2120/70
Fair nighttime | (night)
ABPM
*(NR > or >).

+ Semiautomatic BP measuring device based on the microphone method.

i Attended AOBP.

Abbreviations: A = automated; ABPM = ambulatory blood pressure measurement; CARDIA = the Coronary Artery Risk Development in Young Adults study; DBP = diastolic
blood pressure; FLEMENGHO = the Flemish Study on Environment, Genes and Health Outcomes; HTN = hypertension; hr = hour; M = manual; MONICA = MONItoring of
trends and determinants in Cardiovascular Disease study; mm HG = millimeter of mercury; NR = not reported; OBPM = office-based BP measurement; PAMELA = Pressioni
Arteriose Monitorate ¢ Loro Associazioni study; PCP = primary care provider; PROOF = The Prognostic Indicator of Cardiovascular and Cerebrovascular Events study; SBP =
systolic blood pressure; sphyg = sphygmomanometer.
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Table 8. Test Accuracy Results of Included Studies for KQ2, by Author

ABPM

OPBM

Prev

Se

N ABPM Positive Sp (95% | FPR (95% | FNR In
Author, Year threshold, | threshold, . HTN (95% 2
analyzed | method mm Hg mm Hg index test (%) Cl) Cl) Cl) (95%CI) MA
Abdalla, 20169 . >135/85
P Combined 0.33 0.98
The Improving the (day) or 0.02 (0.01, | 0.67 (0.57,
Detection of HTN 282 dayand | 5150770 | 2140/90 12.8 34.4 (024, | (0.95, 0.05) 0.76) X
night . 0.43) 0.99)
study (night)
071|070
Fagard, 2005 243 Daytime | >135/85 | 2140/90 42.8 313 (0.60, | (0.63, 8'2‘7’)(0'24' 8'38)(0'20’ X
0.80) | 0.76) : :
040 | 090
Daytime | 135/85 %é‘fi)r/]?fm)*é NR NR 029, | (084, NR NR
051) | 0.95)
Lan/n 058 | 083
Gill, 201782 211 Daytime | 135/85 i8S IR NR 047, | (076, NR NR
(Clinic26)t- 0.69) 0.89)
065 |074
Daytime | 135/85 %é"ﬁr/] ?fDlRl) ps | NR NR (0.54, | (0.66, NR NR
075) | 0.82)
. 085 | 049
Gosse, 2010 738 gg};“me SBP 2135 | SBP 2140 57.7 20.2 .79, | (0.45, 8'22)(0'47’ 8'5)(0'10’
0.90) |053) : :
074 | 087
Daytime | >135/85 | 2150/90 30.3 28.8 (051, | (0.75, 8'%2)(0'06' 8'28)(0'14’ X
o 0.88) | 0.94) : :
Gourlay, 1993 66
0.47 1094 0.06 (0.02, | 0.53(0.32
Daytime | 2135/85 | 2160/95 18.2 28.8 028, | (0.93, o1 o oy
0.68) | 0.98) : :
048 | 096
Hanninen, 20108 | 254 Daytime | 2140/85 | 2140/90 22.0 13.4 036, | (0.93, 8'8‘7‘)(0'02' 8'22)(0'39‘
061) | 0.98) : :
056 | 0.90
24-hr >125/80 | 2140/90 316 467 052, | (087, 0.10 (0.08, | 0.44 (0.40, |
060, | 0.09 0.13) 0.48)
Hansen, 2006%* 1385 : '
. 066 | 086 0.14 (0.12, | 0.34 (0.31
Daytime | 2135/85 | 2140/90 32.9 36.8 062, | (0.84, 016 | oagy
0.69) | o0.88) : :
070 | 087
Ishikawa, 2010% | 129 24-hr >130/80 | 2140/90 326 34.1 056, | (0.78, 8'52)(0'07’ 8'22)(0'18’ X
082) |0.93) : :
048 | 085
Kanno, 2010% 775 24-hr >135/85 | 2140/90 19.4 13.9 039, | (0.82, 8'12)(0'12’ 82%)(0'43’ X
057) | 0.88) : :
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Table 8. Test Accuracy Results of Included Studies for KQ2, by Author

ABPM OPBM Prev Se

N ABPM Positive Sp (95% | FPR (95% | FNR In
Author, Year threshold, | threshold, . HTN (95% 2
analyzed | method mm Hg mm Hg index test (%) Cl) Cl) Cl) (95%Cl) MA
040 | 082
Daytime | 2140/85 | 2140/90 223 21.3 033, | (079, 8';%(0'15' 8'2%(0'53’
0.47) | 0.85) : :
050 | 086
24-hr 213585 | 2140/90 33.8 s54 | 034, |69, | 03700 | GEA034
0.66) | 0.95) : :
>139/87
24 24, 053 | 085
Larkin, 199880 65 Daytime, | 214391 | 5 140/90 33.8 49.2 (036, | (0.69, 0.15(0.07, | 0.47 (0.31,
Nighttime | 2% 0.69) | 0.93) 0.31) 0.64)
PM
052 |o078
24-hr 2140/90 | 2140/90 33.8 385 | (0.33, | (062, 8'35)(0'12' 06468750'30’
0.70) | 0.88) : :
>135/85 0es | ool

Daytime, | AM, 0.09 (0.06, | 0.35 (0.21,

Nightime | 2120/70 | ~120/80 16.0 12.6 (048, (0.87, 0.13) 0.52)
0.79) | 0.94)
PM
>135/85 100 | oso
. Daytime, | AM, >140/90 with ' : 0.08 (0.05, | 0.00 (0.00,
97
Lyamina, 2012 269 Nondme | 213070 | B 197 1256 (0.90, | (0.8, o1 010
e 1.00) | 0.95)
>135/85
. 0.00 | 1.00
Daytime, | AM, 0.00 (0.00, | 1.00 (0.90,
Nightime | 2120/70 | Z140/90 0.0 12.6 (0.00, | (0.98, 0.02) 1.00) X
0.10) | 1.00)
PM
074 |o07a
Mancia, 2006% 2024 24-hr 12579 | 2140/90 42.0 33.0 071, | (0.71, 8'38)(0'24’ 8'58)(0'23’ X
0.77) | 0.76) : :
>135/85
. 067 | 084
Daytime, | AM, 0.16 (0.12, | 0.33 (0.27,
Nontee | S13070 | 2140190 37.6 425 061, | (080, 029 o)
0.73) | 0.88)
PM
077|073
' 99
O'Flynn, 2016 S 24-hr >130/80 | 2140/90 37.6 21.0 (0.69, | (0.69, g'gz)(o'zg" 8'5%‘0'17’ X
0.83) | 0.77) : :
068 | 0.82
Daytime | 2135/85 | 2140/90 37.6 39.9 062, | (0.78, 8'52)(0'14’ 8.2;)(0.26,
0.74) | 0.86) : :
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Table 8. Test Accuracy Results of Included Studies for KQ2, by Author

ABPM

OPBM

Prev

Se

N ABPM Positive Sp (95% | FPR (95% | FNR In
Author, Year threshold, | threshold, . HTN (95% 2
analyzed | method mm Hg mm Hg index test (%) Cl) Cl) Cl) (95%CI) MA
069 | 072
577 Nighttime | 2120/70 | 2140/90 37.6 24.4 061, | (068, 8'32 (0.24, 82; (0.24,
0.76) | 0.76) 32) -39)
056 | 0.89
>130/80 | >130/80 421 69.9 (050, | (0.83, 8'1%)(0'07’ 8'23)(0'39’
Poudel, 2019100 . 0.61) | 0.93) : :
432 Daytime
CARDIA 068 | 083 0.17 009, | 0.32 (027
>135/85 | 2140/90 62.5 88.9 (063, | (0.70, 17(0.09, 1 0.32(0.27, |
673 | 6on 0.30) 0.37)
092 | o087
>130/80 | 2140/90 34.6 27.2 (0.90, | (0.86, 8'12 (012, 828 (0.06, |
. 0.94) | 0.88) 14) 10)
Scuteri, 2016101 2955 24-hr 086 .90
>125/79 | 2140/90 36.9 356 ©0.84, | (089, 0.10(0.09, | 0.14 (0.12,
am | bon) 0.11) 0.16)
014 | 099
>135/85 | SBP 2140 44 26.6 0.08, | (0.97, o (0.00, oo ©.77,
0.23) | 1.00) 03) -92)
011 | 1.00
>135/85 | DBP 290 3.1 27.6 (0.06, | (0.98, 0.00 (0.00, | 0.89 (0.80,
o200 | Looy 0.02) 0.94)
028 | 096
135/85 | SBP 2130 10.7 26.6 020, | (0.92, 8'8‘8‘ 0.02, 8;3 (0.61,
. 0.39) | 0.98) -08) -80)
Selenta, 2000192 319 Daytime
038 1098 0.02 (0.01, | 0.63 (0.52
>135/85 | DBP 280 11.9 27.6 028, | (0.95, 002 (001, | 008 (052
0.48) | 0.99) 05) 72)
003 | 1.00
>135/85 | DBP 2100 0.9 27.6 ©0.01, | (0.98, 8'82 (0.00, 8'35 (0.90,
0.10) | 1.00) 02) -99)
001 | 1.00
>135/85 | SBP 2160 0.3 26.6 (0.00, | (0.98, 8'8(2) (0.00, 06954 o0
0.06) | 1.00) 02) (0.94,1.00)
>140/90 033 | 097
>135/85 | (Mean of 3 8.9 18.8 026, | (0.95, 0.08 (0.02, | 0.67 (0.60, |
readings) 0.40) 0.98) 0.05) 0.74)
Shimbo, 201210 813 Daytime : :
2120/80 084 063 037 (034, | 0.16 (041
>135/85 | (Mean of 3 45.9 18.8 0.77, | (0.59, R P
readings) 0.89) 0.66) ) '
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Table 8. Test Accuracy Results of Included Studies for KQ2, by Author

ABPM

OPBM

Prev

Se

N ABPM Positive . Sp (95% | FPR (95% | FNR In
At Vsl analyzed | method ::::Zhgmd’ mrrﬁzhgold, index test Z',Z)N g?/o Cl) Cl) (95%Cl) MA
2130/85 056 | 0.87
>135/85 | (Mean of 3 21.2 18.8 ©0.48, | (0.84, 8'12)(0'“' 8';“2‘)(0'36’
readings) 0.64) 0.89) ) '
024 | 099
>135/85 i;gorf;dfg/'z?” 5.4 18.8 (0.18, | (0.98, 8'8%)(0'01’ 8'22)(0'69’
9 0.31) | 0.99) : :
=120/80 088 | 0.70
>135/85 | (Mean of 9 40.7 18.8 081, | (0.67, 0.30 (0.26, | 0.12 (0.08,
. 0.33) 0.19)
813 Davtime readings) 0.92) 0.74)
yt >130/85 053 |0.92 0.08 (0.06, | 0.47 (0.39
>135/85 | (Mean of 9 16.1 18.8 (0.45, | (0.90, 0100 " |oss
readings) 0.61) 0.94) ) '
031 | 094
Thomas, 20171 | 441 Daytime | 2135/85 | 2140/90 143 317 024, | (0.90, 8'28)(0'04' 8'?2)(0'60’ X
0.40) | 0.96) : :
034 | 094
Wei, 2016105 717 Daytime | 2135/85 | 2140/90 10.5 15.5 026, | (0.92, 8'82)(0'04’ 8'?2)(0'57’ X
0.43) | 0.96) : :
=130/80
24-hr 24, 062 |0.85
%Cfg;%gmwska’ 201 Daytime, 11;35/85 >140/90 30.3 32.8 (0.50, | (0.78, 8;2)(0'10’ 8'28)(0'27’ X
Nighttime | 235~ 073) | 0.90) : :
PM

* Mean of second and third readings from the three visits.

+ Mean of second and sixth readings from the 3 visits.

1 First reading of the first visit.

§ Attended AOBP.

Abbreviations: ABPM = ambulatory blood pressure measurement; BH = breath hold; CI = confidence interval; DBP = diastolic blood pressure; FNR = false negative rate; FPR =
false positive rate; hr = hour; HTN = hypertension; MA = meta-analysis; mm HG = millimeter of mercury; NR = not reported; OBPM = office-based BP measurement; Prev =
prevalence; Se = sensitivity; Sp = specificity.
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Table 9. Study and Baseline Population Characteristics of Included Studies for KQ 3, by Author

Author,

Mean

Mean

Year Country Brief population Recruitment :nalyzed OBPM, ABPM, ﬁwgei’n % % % I\B/Il\e/l?n
Study name description setting (Untx) SBP/DBP SBP/DBP (range) female | white | DM kg/n’wz
Quality (mm, Hg) (mm, Hg)
Bayo, Patients aged 18 to 80 134.8/81.3*
2006 Spain years with mild—moderate | oo care | 181 152.3/89.2 58.4 58.9 NR 95 | 282
HTN, without previous 137.4/82.1t (18-80)
Fair antihypertensive tx ) )
de la Sierra,
201774
Spanish - - 132.3/81.6*
ABPM Spain partiaipalis om an oPclne, | 45020 | 145.9/88.2 ?NS'Rs) 459 |>00 |1% 288
Registry going gistry y 128.7/78.41
Fair
Pts referred for ABPM for
evaluation of (1) borderline
HTN (not currently treated
Ernst1,24 but with a series of variable ABPM
2011 us office BPS in both the Referral 263 NR 6-hr: NR 527 | 50 NR | NR | 295
normal and elevated Service (NR)
Fair range), (2) evaluation of BP
control on therapy, (3)
suspected WCH, or (4)
treatment resistance
Fogari, Pts with newly diagnosed .
199612 Italy new-treated essential HTN | Crdiology | 55y 164.1/1035 | 144.0/945+ | NR(1- |4 NR |0 |[NR
outpatient 60)
Eair (DBP>90 mm Hg)
Gerc, Pts with an elevated office
200027 Switzerla | BP referred to hypertension | o0 cave | 1466 140.6/91.4 | 142.2/90.7+ | 462 416 |NR |NR |NR
nd clinic for confirmation of (13-85)
Fair hypertension diagnosis
Hoegholm U.ntreated pts with newly
1992128 ’ diagnosed essential HTN 479 (17-
Denmark | (with BP under observation | Primary care 153 156.8/99.8 145.2/95.9* 76) 54.1 NR NR | NR
. for a median of 4 months
Fair . . .
prior to diagnosis)
Husain Pa_rticipants with recent Visit 1:
2017130 office BP measurements N 129.6/81.0 479
us between SBP 120-149 BP Clinic 404 NR (NI.?) 56.8 7.7 NR | 29.3
Fair and/or DBP 80-95, and not Visit 2:
greater than 149/95. 128.7/80.7
Screening for Hypertension in Adults 91 Kaiser Permanente Research Affiliates EPC




Table 9. Study and Baseline Population Characteristics of Included Studies for KQ 3, by Author

Author,

Mean

Mean

Year Country Brief population Recruitment :nalyzed OBPM, ABPM, ﬁwgei’n % % % I\B/Il\e/l?n
Study name description setting (Untx) SBP/DBP SBP/DBP (range) female | white | DM kg/n’wz
Quality (mm, Hg) (mm, Hg)
Kim, 2018132 All ambulatory pts who 56.7 11
Korea underwent OBP and ABP Primary care 565 138.3/84.1 124.3/79.17 . 49.9 NR " | NR
_ : (NR) 5
Fair measurements during 2013
Pts referred to participating
HTN clinics for possible
Kotsis, hypertension from either
20087 Greece | Primary health care Self-selected | 1535 141.4/885 | 128.1/77.6t | L1 50.5 NR 9.1 | 274
providers, or from a (NR)
Fair hospital outpatient clinic for
a routine BP check up
between 2000-2006
Manios Pts r_ef_erred from p_rimary
2008133’ physician to outpatient HTN 50.9 10
Greece unit for conventional clinical | NR 2004 141/89 132/82* (NI'?) 53.4 NR 6 T 1248
Fai indications during specified
air .
time
g‘gfg}?;m'ou' Pts referred for elevated Cardiology 140/90*
Greece BP and assessed with outpatient 361 143/94 49 (NR) | 41 NR 29 | 28
clinic BP, ABP and HBP 138/88%
Good
Self-
Nunan Untreated gdults aged 40- monitored
20151313 United 85 years with an SBP OBPM: 56.4
Ki between 130-179 mm Hg Primary care 203 145.0/14.4 | 133.6/82.6* . 47.3 90.4 54 | 28.2
ingdom S (40-85)
Fair who were willing to perform
24h ABPM HBPM:
141.1/87.08
Park, 132.8/88.51
2017136 Untreated pts with high - 51.8
Korea OBPM (2120/90mm ag) BP Clinic 256 141.091.6 | combo: (NR) 535 | NR NR | 25.4
Fair 134.6/87.8l
Consecutive pts referred
from clinics, cardiologists
Salazar, and general practices in
139
2018 Argentina ?gfg{;g&iﬁgg an ABPM | pp ciinic 466 138/82 135/84* 51(NR) | 61.0 |NR |92 |29.7
Fair therapeutic purposes
during a specified time
period.
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Table 9. Study and Baseline Population Characteristics of Included Studies for KQ 3, by Author

Author, N Mean Mean Age Mean
Year Countr Brief population Recruitment analvzed OBPM, ABPM, mgea,n % % % BMI
Study name y description setting (Unti) SBP/DBP SBP/DBP (range) female | white | DM K /n’12
Quality (mm, Hg) | (mm, Hg) g ’
Shin, 201573
Kor-ABP Pts undergoing ABPM for . . 52.1
Korea the evaluation of high BP Primary care 1262 141.6/88.2 135.4/86.4 (NR) 48 NR NR | 245
Fair
Tocci
y Untreated pts, aged 218 .
142 )
2018 ltaly years, referred to HTN Cardiology 2209 1443/939 | 130.7/81.1t | 222 475 NR 51 | 26.1
. =" outpatient (NR)
Fai outpatient clinic.
air
Ungar, Consecutive pts that were 141/86*
143 . . _
2004 Italy refe_rred to H_TN cllnlc_ Cardlo_logy 388 151/93 60 (20 512% | NR NR | 26
during a designated time outpatient 95)
i 137/83t
Good period.
fgg';‘};’ wski, Patients with untreated 48.0
Israel borderline hypertension Primary care 171 158.9/90.7 150.5/85.4* . 66.7 NR NR | NR
(NR)
. referred for ABPM
Fair
* Daytime ABPM.
+ 24-hr ABPM.

1 Home monitoring on 6 working days within 2 weeks; measurements taking twice in the AM and in the PM; average of all readings.
§ Mean of days 2-7 of self-monitored BP (2 measures taken in the AM and 2 in the PM).
I Automated measurement; average of 42 measurements (6 per day; 3AM, 3PM) for 7 days.

1 Median.

Abbreviations: ABPM = ambulatory blood pressure measurement; BMI = body mass index; BP = blood pressure; DBP = diastolic blood pressure; DM = diabetes mellites; HBPM
= home blood pressure measurement; HTN = hypertension; kg/m? = kilograms per meter squared; mm HG = millimeter of mercury; NR = not reported; OBPM = office-based
blood pressure measurement; Pts = patients; SBP = systolic blood pressure; tx = treatment; Untx = untreated; US = United States; WCH = white coat hypertension.
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Table 10. OBPM Test Characteristics of Included Studies for KQ 3, by Author

Author, Year OBPM Index Device (A or | Total # of Method of Interventionist Resting | ABPM Reference
Trial name threshold(s), | M) OBPM determination attending time reference | threshold,
Quality mm Hg measurements (min) mm Hg
de la Sierra, >140/90 NR (validated 2 Mean of 2 NR 5 24-hr 24-hr:
20177 oscillometric 2130/80
Spanish ABPM device) (A) Daytime
Registry Daytime:
Combined | 2135/85
Fair
Combined:
Daytime
>135/85
OR
nighttime
>120/70
OR 24-hr
>130/80
Fogari, 1996126 DBP >90 Standard mercury 14 Average of Physician 2 Daytime 2134/90
sphyg (M) measurements
Fair
Gerc, 20007 >160/95 Mercury sphyg (M) | 3 Average of Nurse NR Daytime >140/90
measurement
Fair
>135/85 Mercury sphyg (M) | 3 Average of Nurse NR Daytime >140/90
measurement
>140/90 Mercury sphyg (M) | 3 Average of Nurse NR Daytime >140/90
measurement
>160/100 Mercury sphyg (M) | 3 Average of Nurse NR Daytime >140/90
measurement
Hoegholm, DBP >90 Hawksley random 5 Average of Physician (male) 215 Daytime DBP >90
1992128 zero sphyg (M) measurements
Fair
Husain, 2017130 2140/90 Welch Allyn Vital 3 Average of the NR 5 24-hr 2135/85
(Visit 1) Signs (A) second and third
Fair measurement
2140/90 Welch Allyn Vital 3 Average of the NR 5 24-hr =2135/85
(Visit 2) Signs (A) second and third
measurement
Kim, 2018132 SBP 2140 Mercury sphyg 1 NA NR 5 24-hr SBP 2130
(Baumanometer
Fair Desk model, W.A.
Baum Co. Inc.,
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Table 10. OBPM Test Characteristics of Included Studies for KQ 3, by Author

Author, Year OBPM Index Device (A or | Total # of Method of Interventionist Resting | ABPM Reference
Trial name threshold(s), | M) OBPM determination attending time reference | threshold,
Quality mm Hg measurements (min) mm Hg
Copiague, NY,
USA) (M)
Kotsis, 2008132 2140/90 Mercury sphyg (M) | 6 Average of the Physician 10 24-hr 2135/85
six BP
Fair measurements
(from 2 visits)
Manios, 2008133 >140/90 Mercury sphyg (M) | 6 Average of 3 BP | Physician NR Daytime >135/85
values; unclear
Fair which 3
measures are
being used.
Assuming that
measures from
dominant arm
are dropped.
Nasothimiou, >140/90 Standard mercury 9 Average of the Physician 5 Daytime >135/85
2012134 sphyg (M) second and third
clinic BP reading
Good of the three
study visits
Shin, 201573 2140/90 A&D UA-767 (A&D | 2 Average of NR 5 Daytime 2135/85
Kor-ABP Co., Ltd., Tokyo, measurements
Japan) (A)
Fair
Tocci, 2018142 = 140/90 Omron 705 IT 3 Average of 3 ESH HTN specialist 10 24-hr =>130/80
(Omron Healthcare consecutive BP
Fair Europe BV, measurements
Hoofddorp, The
Netherlands) (A)
Ungar, 2004143 >140/90 Mercury sphyg (M) | 8-12 All Physician =210 Daytime >135/85
measurements
Good averaged
Zabludowski, DBP >90 Accutracker | 3 Average of Physician or nurse 5 Daytime DBP >90
1992145 (Suntech Medical measurements
Instruments) (A)
Fair

Abbreviations: A = automated; ABPM = ambulatory blood pressure measurement; BP = blood pressure; DBP = diastolic blood pressure; HTN = hypertension; hr = hour; M =
manual; mm HG = millimeter of mercury; NA = not applicable; NR = not reported; OBPM = office-based blood pressure measurement; PCP = primary care provider; SBP =
systolic blood pressure; sphyg = sphygmomanometer; USA = United States of America.
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Table 11. OBPM Test Accuracy Results of Included Studies for KQ 3, by Author

ABPM Index Positive Se
Author, Year gnalyzed 'r?wBemgd threshold, | threshold, | index ErTeIQI/ (95% ?;%*(95% CF:’;F;*(%% FNR (95%Cls)* anA
mm Hg mm Hg test CI)*
0.85
24-hr >130/80 | 2140/90 | 75.2 572 | (0.85, 8'23)(0'38' 0.62 (0.61, 0.15 (0.14, X
0.86) | % 0.62) 0.15)
087 | 037 (0.36
Daytime >135/85 | 2140/90 | 75.2 510 | (086, | 37" | 0.3 (063, 0.13 (0.13, -
de la Sierra 087 | % 0.64) 0.14)
gelaere 45020 Daytime
>135/85
. OR 0.83
24, Daytime, | ioniime | 2140/90 | 75.2 67.3 | (0.82, | 940(0:39, -
Nighttime >120/70 0.83) 0.41)
OR 24-h 0.60 (0.59, 0.17 (0.17,
>130/80 0.61) 0.18)
095 | 57 0.43
Fogari, 199612 | 221 Daytime >134/90 | DBP>90 | 82.4 760 | 090, | 20O | 043031 0.05 (0.03, -
097 | % 0.57) 0.10)
Daytime >140/90 | >140/90 | NRY NR ?NSR(’)) 0.68 (NR) | NRT NRT -
Daytime >140/90 | >135/85 | NR NR | 287 | 059 (NR) | NRT NRY -
Gerc, 20007 1466 (()N7R4)
Daytime >140/90 | >160/95 | NR NR | Ry | 079 (NR) | NRY NRT :
Daytime >140/90 | >160/100 | NR NR (()N% 0.84 (NR) | NR NRY -
0.95
['ggggg'm' 153 Daytime DBP>90 | DBP>90 | 817 64.7 | (0.89, 8'32)(0'30' 0.57 (0.44, 0.05 (0.02, -
0.98) | % 0.70) 0.11)
035 1 g5 (0.77
2ahrvit | 2135/85 | 21400 | 30.0 750 | 030, | g:02 " | 0.15 (009, 0.65 (0.59, X
. 041 | % 0.23) 0.70)
Husain, 2017130 404
’ 035 1 86 (0.79
oa-hrv2t | 2135/85 | 2140/90 | 29.2 715 | 030, | oo™ | 0.14 0.0, 0.65 (0.59, -
041 | & 0.21) 0.70)
052 1 g9
Kim, 2018131 565 24-hr SBP= 130 | SBP 2140 | 45.8 490 | (046, | (5 o) | 040034, 0.48 (0.42, :
0.58) | (0-55.0-66) | 5 45y 0.54)
0.70 | 1,66 (0.62
Kotsis, 2008132 | 1535 24-hr >125/80 | 2140/90 | 51.1 478 | (066, | g %% | 034 031, 0.30 (0.27, X
0.73) | % 0.38) 0.34)
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Table 11. OBPM Test Accuracy Results of Included Studies for KQ 3, by Author

ABPM Index Positive Se 7 7
Author, Year gnal zed 'r?wBemgd threshold, | threshold, | index ErTeIQI/ (95% ?;%*(95/0 CF:’;F;*(%/(’ FNR (95%Cls)* anA
y mm Hg mm Hg test CI)*
. - . 089 | 445 (0.42,
Manios, 2008 2004 Daytime >135/85 | 2140/90 | 715 486 | (087, | o'ue 0.55 (0.52, 0.11 (0.09, X
001 | 0.58) 0.13)
— 0.85
g‘gfg}?}m'ou’ 361 Daytime >135/85 | 2140/90 | 78.1 77.0 | (0.80, 8'32)(0'33' 0.57 (0.46, 0.15 (0.12, X
088) | 0.67) 0.20)
) 0.71
73
ig'r'_‘Aé(;}S 1262 Daytime >135/85 | 140/90 58.8 615 | (0.68, 8'2%(0'57' 0.39 (0.34, 0.29 (0.26, X
074) | 0.43) 0.32)
0.90 | 52 (0.48
Tocci, 2018142 2209 24-hr >130/80 | =140/90 | 76.2 67.0 | (0.88, | g2 | 0.48 (0.45, 0.10 (0.09, X
001 | 0.52) 0.12)
089 | 435 (0.26
Ungar, 2004143 388 Daytime >135/85 | 2140/90 | 82.5 740 | (084, | o7y | 0.65 (0.56, 0.11 (0.08, X
092 | 0.74) 0.16)
. . 0.81
fgg'zli‘ff""s"" 171 Bgﬁ'me DBP >90 | DBP>90 | 66.7 47.4 | (0.72, 8"51;)(0'37' 0.53 (0.43, 0.19 (0.12, -
088) | 0.63) 0.28)

* Calculated.

+ 2x2 data unavailable, unable to calculated CIs or FPR and FNR.
1 ABPM taken at the conclusion of the initial visit (V1) and one week later (V2).

Abbreviations: ABPM = ambulatory blood pressure measurement; CI = confidence interval; DBP = diastolic blood pressure; FNR = false negative rate; FPR = false positive rate;
hr = hour; HTN = hypertension; MA = meta-analysis; mm HG = millimeter of mercury; NR = not reported; OBPM = office-based BP measurement; Prev = prevalence; Se =
sensitivity; sp = specificity.

Screening for Hypertension in Adults 97 Kaiser Permanente Research Affiliates EPC



Table 12. HBPM Test Characteristics of Included Studies for KQ 3, by Author

Author, HBPM HBPM Measurement | Number | Total # of Method of Pt training Body ABPM Reference
Year threshold(s), | Device (A or | time of measurements | determination position | modality | threshold,
Trial name | mm Hg M) screens reference | mm Hg
Quality
Bayo, >130/80 Omron HEM- | Morning 6 (3 18 (max) Readings of Instructed by | NR Daytime 2135/85
2006122 705CP (0600 to days x first day his physician
(Tokyo, 1000) and 2 per excluded; first | or nurse on
Fair Japan) (A) evening day) and second the working
(2000 to readings of of the units
0000) each and the BP
morning—night | measuring
period of technique
second and and provided
third days with written
used information.
>135/85 Omron HEM- | Morning 63 18 (max) Readings of Instructed by | NR Daytime >135/85
705CP (0600 to days x first day his physician
(Tokyo, 1000) and 2 per excluded; first | or nurse on
Japan) evening day) and second the working
(2000 to readings of of the units
0000) each and the BP
morning—night | measuring
period of technique
second and and provided
third days with written
used information.
Nasothimio | 2135/85 Omrom Morning 12 (6 24 Average of all | Trained inthe | Seated | Daytime | 2135/85
u, 2012134 HEM-705CP, | (0600-1000h) | days x measurements | conditions of
IC, or 705IT and evening 2 per HBP
Good (Omron (1800-2200h) | day) measurement
Healthcare, and the use
The of the
Netherlands) devices
Nunan, 2135/85 Stabliograph | Morning 10 (5 20 Average of NR Seated | Daytime | 2135/85
2015135 bluetooth- (preferably days x days 2-5
enabled upon waking) | 2 per
Fair automated and evening day)
sphyg (before going | 10 (5 20 Average of NR Seated Daytime =>135/85
(Stabilograp | to bed) days x days 1-5
h; LE.M, 2 per
Stolberg, day)
Germany) 14 (7 28 Readings from | NR Seated | Daytime | 2135/85
days x a minimum of
4 (preferably
Screening for Hypertension in Adults 98 Kaiser Permanente Research Affiliates EPC




Table 12. HBPM Test Characteristics of Included Studies for KQ 3, by Author

Author,
Year
Trial name

Quality

HBPM
threshold(s),
mm Hg

HBPM
Device (A or
M)

Measurement
time

Number
of
screens

Total # of
measurements

Method of
determination

Pt training

Body
position

ABPM
modality
reference

Reference
threshold,
mm Hg

2 per
day)

7) consecutive
days with
readings from
the first day
dropped

14 (7
days x
2 per
day)

28

Readings from
a minimum of
4 (preferably
7) consecutive
days with
readings from
the first day
dropped

NR

Seated

Daytime

>135/85

Park,
2017136

Fair

=130/85

WatchBP
Home
(Microlife,
Taiwan)

Morning
(betwen
0700/waking
and 0900) and
evening
(2100-
2300/bedtime)

14 (7
days x
2 per
day)

42 (max); 40.1
(2.7) (mean)

Avg of valid
measurements;
First evening
and morning
BP
measurements
were
discarded, first
and second
reading of the
morning and
evening were
averaged

Received
instructions
from study
nurse on first
visit day

Seated

24-hr

=130/80

=2130/80

WatchBP
Home
(Microlife,
Taiwan)

Morning
(betwen
0700/waking
and 0900) and
evening
(2100-
2300/bedtime)

14 (7
days x
2 per
day)

42 (max); 40.1
(2.7) (mean)

Avg of valid
measurements;
First evening
and morning
BP
measurements
were
discarded, first
and second
reading of the
morning and
evening were
averaged

Received
instructions
from study
nurse on first
visit day

Seated

24-hr

2130/80
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Table 12. HBPM Test Characteristics of Included Studies for KQ 3, by Author

Author, HBPM HBPM Measurement | Number | Total # of Method of Pt training Body ABPM Reference
Year threshold(s), | Device (A or | time of measurements | determination position | modality | threshold,
Trial name | mm Hg M) screens reference | mm Hg
Quality
2135/85 WatchBP Morning 14 (7 42 (max); 40.1 | Avg of valid Received Seated | 24-hr >130/80
Home (betwen days x (2.7) (mean) measurements; | instructions
(Microlife, 0700/waking | 2 per First evening from study
Taiwan) and 0900) and | day) and morning nurse on first
evening BP visit day
(2100- measurements
2300/bedtime) were
discarded, first
and second
reading of the
morning and
evening were
averaged

Abbreviations: A = automated; ABPM = ambulatory blood pressure measurement; BP = blood pressure; DBP = diastolic blood pressure; HBPM = home blood pressure
measurement; HTN = hypertension; hr = hour; M = manual; mm HG = millimeter of mercury; NA = not applicable; NR = not reported; OBPM = office-based blood pressure

measurement; PCP = primary care provider; SBP = systolic blood pressure; sphyg = sphygmomanometer; USA = United States of America.
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Table 13. HBPM Test Accuracy Results of Included Studies for KQ 3, by Author

ABPM Index Positive 7 8 FPR
Author, Year N ABPM threshold, threshold, index Prev* Se*(%/(’ Sp*(95/° (95% FN? . In
analyzed | method mm Hg mm Hg test* HTN Cl) Cl) Cls)* (95%Cls)* | MA
0.66 0.12
Daytime | 2135/85 130/80 79.0 59.1 8'82)(0'80' 8'2‘5‘)(0'24' 055 | (0.07, -
. : : 0.76) | 0.20)
Bayo, 2006 181 050 0.24
Daytime | >135/85 >135/85 65.2 59.1 8'22)(0'66' 8'2(2))(0'38’ 039, | (.17, X
: : 061) | 033)
— 0.39 0.13
;‘gfg}?}m'ou* 361 Daytime | 2135/85 2135/85 76.2 77.0 8'81)(0'83' 8'%(0'51' 029, | (0.09, X
: : 049) | 017)
) 0.50 0.07
(':’Sg“smle_ 5 | 2135085 >135/85 73.0 53.7 8'3%(0'86' 8'2(1))(0'40’ 040, | (0.04, X
Y ' : 0.60) 0.14)
Daytime 0.93(0.86, | 0.53 (0.43, . - ]
Nunan, 20153 | 203 (Days 1.5) | 2135/85 2135/85 NR 537 1997) 0.64) NR NR
Daytime 0.94 (0.87, 0.51 (0.41, + + i
el 2y | 2135785 135/85 72.9 537 | oo 002 NR NR
Daytime 0.94 (0.87, | 0.53 (0.43, - - ]
el | 2136085 >135/85 NR 537 | gon oo NR NR
0.47 0.09
Daytime | 2135/85 >130/80 79.7 73.4 8'82)(0'87' 8.;;)(0.40, 036, | (0.05, -
: : 059) | 0.13)
037 0.10
24-hr >130/80 >130/80 79.7 80.1 8'32)(0'85' 8'(752)(0'48’ 025 | (0.03, -
: : 051 | 0.15)
0.42 0.15
Nighttime | 2120/70 >130/80 79.7 87.1 8'88)(0'90' g.gg)(o.sg, 027, |11, -
: : 059) | 0.20)
0.38 0.18
Park, 201713 256 Daytime | 2135/85 >130/85 70.7 73.4 8'23)(0'76' 8_(755)(049, 028, | (0.13, -
: : 050) | 0.24)
0.29 0.19
24-hr 2130/80 2130/85 70.7 80.1 82%)(0'75' 8.;;)(0.56, 019, | (014, -
: : 0.43) | 0.25)
0.30 0.23
Nighttime | 2120/70 >130/85 70.7 87.1 8';;)(0'71' g'gg)(om’ ©017, | (0.18, -
: : 047) | 0.29)
031 0.21
Daytime | >135/85 >135/85 66.0 73.4 8';2)(0'72' 8'28)(0'57’ ©021, | (.16, -
: : 043 | 0.28)
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Table 13. HBPM Test Accuracy Results of Included Studies for KQ 3, by Author

ABPM Index Positive 7 8 FPR
Author, Year glnal sed 'r?wBemgd threshold, threshold, index Z[I'el:l/* ?;?)*(95/0 (S.;B*(QS/O (95% '(:9’!5 Cls)* anA

y mm Hg mm Hg test* Cls)* °
0.22 0.23

24-hr 130/80 >135/85 66.0 80.1 8';;)(0'71' 8'28)(0'65' (0.12 (0.18, X
: : 035 | 0.29)
0.15 0.26

Nighttime | 2120/70 >135/85 66.0 87.1 8';3)(0'67' 8'82)(0'68’ 007, | (.21, -
: : 031) | 033)

*Calculated.
T 2x2 data unavailable, unable to calculated CIs or FPR and FNR.

Abbreviations: ABPM = ambulatory blood pressure measurement; CI = confidence interval; DBP = diastolic blood pressure; FNR = false negative rate; FPR = false positive rate;

HBPM = home blood pressure measurement; hr = hour; HTN = hypertension; MA = meta-analysis; mm HG = millimeter of mercury; NR = not reported; OBPM = office-based BP
measurement; Prev = prevalence; Se = sensitivity; sp = specificity.
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Table 14. Self-OBPM Test Characteristics of Included Studies for KQ 3, by Author

Author, Year OBPM Index Device (A or | Total # of Method of Interventionist Resting | ABPM Reference
Trial name threshold(s), | M) OBPM determination attending time reference | threshold,
Quality mm Hg measurements (min) mm Hg
Nunan, 201535 >135/85 Stabliograph 6 Average of 5 Self-monitored =5 Daytime >135/85
bluetooth-enabled (unclear which (Attended)
Fair automated sphyg measure is
being dropped
as 6 measures
are taken)
Salazar, 201813 SBP 2160 OMRONHEM 705 | 5 Average of the Self-monitored NR Daytime 2135/85
CP (A) first three (Unattended):
Fair measurements A nurse performed a
training measurement
for the patient; these
data were discarded.
Then the nurse retired
and the patient
triggered five
measurements.
DBP 280 OMRONHEM 705 |5 Average of the Self-monitored NR Daytime >135/85
CP (A) first three (Unattended):
measurements A nurse performed a
training measurement
for the patient; these
data were discarded.
Then the nurse retired
and the patient
triggered five
measurements.
DBP =90 OMRONHEM 705 | 5 Average of the Self-monitored NR Daytime >135/85
CP (A) first three (Unattended):
measurements A nurse performed a
training measurement
for the patient; these
data were discarded.
Then the nurse retired
and the patient
triggered five
measurements.
SBP 2130 OMRONHEM 705 |5 Average of the Self-monitored NR Daytime =2135/85
CP (A) first three (Unattended):
measurements A nurse performed a
training measurement
for the patient; these
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Table 14. Self-OBPM Test Characteristics of Included Studies for KQ 3, by Author

Author, Year OBPM Index Device (A or | Total # of Method of Interventionist Resting | ABPM Reference
Trial name threshold(s), | M) OBPM determination attending time reference | threshold,
Quality mm Hg measurements (min) mm Hg

data were discarded.
Then the nurse retired
and the patient
triggered five
measurements.

Abbreviations: A = automated; ABPM = ambulatory blood pressure measurement; BP = blood pressure; DBP = diastolic blood pressure; HTN = hypertension; hr = hour; M =

manual; mm HG = millimeter of mercury; NA = not applicable; NR = not reported; OBPM = office-based blood pressure measurement; SBP = systolic blood pressure; sphyg =

sphygmomanometer.
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Table 15. Self-OBPM Test Accuracy Results of Included Studies for KQ 3, by Author

ABPM Index Positive 8 FPR 7
Author, Year :nal sed ﬁimd threshold, threshold, | index E[I?I:l/* Se (95% CI)* gllf;*(%/o (95% CF:TISF;*(QS/U anA
y mm Hg mm Hg test* Cls)*
0.75
Nunan, . 0.25 (0.16, 0.08 (0.04,
2015135 203 Daytime >135/85 2135/85 84.2 54.0 0.92 (0.85, 0.96) 0.35) (()OB%E)S 0.15) -
057051, | 943 0.14 (0.10
466 Daytime 2135/85 SBP 2130 63.0 47.0 0.86 (0.81, 0.90) 0.63) e (0.37, 0'19) T -
Sal ' 0.49) :
s NR Daytime | 2135/85 SBP 2160 | 63.0 47.0 0.20 (NR)' 0.97 (NR) | NR? NR? -
NR Daytime >135/85 DBP 280 | 63.0 47.0 0.84 (NR) 0.65 (NR)t | NRT NRY -
NR Daytime >135/85 DBP290 | 63.0 47.0 0.46 (NR) 0.95 (NR)t | NRF NRY -
*Calculated.

12x2 data unavailable, unable to calculate CIs or FPR and FNR.

Abbreviations: ABPM = ambulatory blood pressure measurement; CI = confidence interval; DBP = diastolic blood pressure; FNR = false negative rate; FPR = false positive rate;
hr = hour; HTN = hypertension; MA = meta-analysis; mm HG = millimeter of mercury; NR = not reported; OBPM = office-based BP measurement; Prev = prevalence; Se =
sensitivity; sp = specificity.
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Table 16. Truncated ABPM Test Characteristics of Included Studies for KQ 3, by Author

Author, Year ABPM Index | Index Device Total # of Method of Interventionist | Resting | ABPM Reference

Trial name threshold(s), | (A or M) measurements | determination (attended) time modality | threshold, mm

Quality mm Hg (min) reference | Hg

Ernst, 2011124 6-hr ABPM Spacelabs 18 (max, 6 hours, initiated in | NA NA 24-hr SBP >130
SBP >130 90217 daytime-only morning for almost

Fair window) all participants

Abbreviations: A = automated; ABPM = ambulatory blood pressure measurement; hr = hour; M = manual; min = minute; mm Hg = millimeters of mercury; NA = not applicable;
SBP = systolic blood pressure.
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Table 17. Truncated ABPM Test Accuracy Results of Included Studies for KQ 3, by Author

ABPM

Index

Positive

FPR

N ABPM ; Prev | Se (95% | Sp (95% FNR In
Author, Year Group threshold, | threshold, | index . . (95% 5 .
analyzed | method mm Hg mm Hg test HTN | CI) Cl) Cls)* (95%Cls)* | MA
i T T
Borderline | 1,¢ 24-hr SBP>130 | SBP>135 | NR NR | 094 0.76 (\R) | NRT | NR -
Ernst, 2011124 HTN (NR) T T
\f’\;‘gpemed 137 24-hr SBP>130 | SBP>135 | NR NR ?NSI% 0.70 (NR) | NRY [ NR -

*Calculated.

+ 2x2 data unavailable, unable to calculated CIs or FPR and FNR.

Abbreviations: ABPM = ambulatory blood pressure measurement; CI = confidence interval; FNR = false negative rate; FPR = false positive rate; HTN = hypertension; hr = hour;
MA = meta-analysis; NR = not reported; Prev = prevalence; SBP = systolic blood pressure; WC = white coat.
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Table 18. High Level Summary of Included Studies for KQ 4, by Outcome

Category Author, Year Country | Study N Sample Comparison Outcome Study
(number of Quality Design analyzed measurement conclusions
studies)
QoL Ameling, 19918 | NL Prospective 331 Newly diagnosed Pre-post labeling | Unvalidated set No effects of
/psychological Cohort (prior hypertensives as hypertensive | of QOL-related labeling
outcomes(k=4) | Fair to identified via case- | (1 week follow items on physical | hypertension on
randomization finding in general up) symptoms, quality of life.
into treatment practice sexual
trial) functioning, and
sleep. Also
reported
validated
Amsterdam Mood
List.
Mann, 1977150 UK Prospective 654 Participants Pre-post GHQ Informing
Cohort (prior screened for screening asymptomatic
Fair to hypertension for (timing NR) people about
randomization eligibility for the their raised
into treatment MRC trial blood pressure
trial) and enrollment
in a trial caused
no undue
psychological
response.
Spruill, 2013155 us RCT 100 Adults previously No label SF-12 (physical Prehypertension
unaware of (informed of BP | and mental labeling did not
Good prehypertensive only) vs. labeled | health) significantly
status identified in | (discussed influence self-
internal medicine prehypertension) reported
practices and 3 months post physical or
advertised BP labeling mental health
screenings
Tompson, 201962 | UK Prospective 140 Consecutive pts, Pre-post HADS scores Out-of-office BP
Cohort aged 40-85, evaluation monitoring does
Fair presenting with a assessing not appear to
single office SBP psychological be harmful
between 130 and impact of 28 though it may
179 mmHg days of self- induce feelings
monitoring of anxiety in
followed by 24- some pts.
hr ABPM
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Table 18. High Level Summary of Included Studies for KQ 4, by Outcome

Category Author, Year Country | Study N Sample Comparison Outcome Study
(number of Quality Design analyzed measurement conclusions
studies)
Viera, 2010157 us RCT 97 Adults with No label SF-36 (physical Being labeled
prehypertension (standard and mental as
Fair recruited via flyers | lifestyle health); self-rated | prehypertensive
in examination counseling only) | health questions seems to exert
rooms vs. labeled of improvement neither harmful
(discussed or no-change or helpful
prehypertension) effects.
3 months post
labeling
Absenteeism Haynes, 1978'4° Can Prospective 208 Male employees Pre-post labeling | Work Men previously
after labeling cohort with screen- (12 months absenteeism unaware of their
(k=2) Fair derived from detected untreated | before labeling hypertension
treatment hypertension versus 12-48 had a
trials recruited via the months after statistically
workplace labeling); results significant rise
stratified by in absenteeism
previously aware which persisted
(known to the end of 4
hypertensive years of
subgroup) followup.
versus
previously
unaware
(screened
subgroup)
Rudd, 1987151 us Prospective 294 Employees with Pre-post labeling | Work No significant
cohort screen-detected (12 months absenteeism increase in
Fair derived from untreated before labeling absenteeism in
randomized hypertension versus 12 aware and
trial recruited via the months after previous
workplace labeling) unaware
hypertensives
after statistical
correction.
ABPM Kuwajima, Japan Cross- 24 Volunteers aged 24-hour ABPM Unvalidated Sleep
tolerability 1998161 sectional 22-96; recruitment | with no guestionnaire: disturbance
and ABPM- setting not comparator Tolerability reported in 29%
attributed Fair reported (including sleep of individuals
sleep disturbance) and was
associated with
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Table 18. High Level Summary of Included Studies for KQ 4, by Outcome

in primary care

Category Author, Year Country | Study N Sample Comparison Outcome Study
(number of Quality Design analyzed measurement conclusions
studies)
disturbance some upper arm
(k=6) pain.
Manning, 2000%%° | UK Cross- 79 Borderline 24-hour ABPM Unvalidated Sleep
sectional hypertensives and | with no questionnaire: disturbance
Fair normotensives, comparator Perception of reported in 37%
aged 18 to 70; sleep quality of individuals.
recruitment setting
not reported
Nasothimiou, Greece | Cross- 104 Consecutive 7 days of HBPM | Unvalidated HBPM was
2013134 sectional data untreated adults vs 24-hour guestionnaire: viewed more
from within a referred for ABPM Tolerability of favorably than
Fair prospective evaluation at an using both ABPM | ABPM by
cohort study outpatient and HBPM participants
hypertension clinic (82% vs 63%)
due to ease,
discomfort, and
restriction of
activities.
Sherwood, us Prospective 121 Volunteersaged30- | BL (average of 7 | Wrist actigraphy Found no
2019163 cohort 60, with untreated | non-ABPM (Mini-Mitter evidence that
stage 1 or 2 nights) vs three Actiwatch): sleep | ABPM had an
hypertension* 24-hr ABPM efficiency and adverse effect
sessions total sleep on sleep quality
duration
Tompson, 201962 | UK Cross- 183 Consecutive pts, 28 days of Unvalidated Self-monitoring
sectional data aged 40-85, HBPM vs 24- questionnaire: may be
Fair within a presenting with a hour ABPM acceptability of preferable to
prospective single office SBP self-monitoring ABPM
Cohort between 130 and and ABPM
179 mmHg
Verdecchia, Italy Cross- 2934 Untreated 24-hour ABPM Unvalidated Sleep
2007156 sectional data | (rand) subjects with with no questionnaire: deprivation of
from within a hypertension from | comparator Perceived sleep >2 hours was
Fair prospective hospital-based duration reported by
registry registry. 14% of
individuals.
Viera, 2011158 us Cross- 60 Adults with 24-hour ABPM Unvalidated 20% reported
sectional borderline with no questionnaire: the monitor
Fair hypertension comparator AEs of monitor stopped them
recruited via flyers wear from falling

asleep and 70%
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Table 18. High Level Summary of Included Studies for KQ 4, by Outcome

Category Author, Year Country | Study N Sample Comparison Outcome Study

(number of Quality Design analyzed measurement conclusions
studies)

clinics and a reported being
clinical research awoken by the
center. monitor.
Commonly
reported
adverse events
included pain,
skin irritation,
and bruising.

* Clinic SBP between 130-159 and/or DBP of 85-99 mmHg.

Abbreviations: ABPM = ambulatory blood pressure measurement; Can = Canada; GHQ = General Health Questionnaire; HADS = hospital anxiety and depression scale; HBPM =
home blood pressure measurement; NL = the Netherlands; QoL = quality of life; RCT = randomized controlled trial; SF = short form; UK = United Kingdom; US = United States.
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Table 19. Summary of Evidence

Studies (k)
Study Consistency
Key question | designs Summary of findings and Icher . S“fength o Applicability
. . imitations evidence
Observations precision
(n)
KQ1 k=1 Cluster No trials examined the effectiveness of Consistency Confounding MODERATE for Population: Older
RCT HTN screening alone vs no screening NA, from small benefit adults =65 years
Screening (0 new) reasonably multicomponent
1 community-based cluster RCT of a precise intervention Intervention:
n=140,642 multicomponent CVD health promotion trial Community-based
reported a 9% reduction in the number of Short 10-week intervention
CVD-related hospital admissions (rate intervention and (community
ratio, 0.91 [95% ClI, 0.86 to 0.97]) but no lyear followup pharmacy)
difference in all-cause mortality. duration.
Administrative
records used
for outcomes.
KQ 2 k=20 cross Meta-analysis of 15 studies using Inconsistent, | Heterogeneous | LOW evidence for Population: General
sectional SBP/DBP thresholds and measuring blood | imprecise group of studies | low sensitivity and adult population
Diagnostic studies pressure at 1 visit (N=11,309) showed a in terms of adequate specificity
accuracy of (20 new) pooled sensitivity of 0.54 (95% ClI, 0.37 to population, Intervention: Index
initial OBPM 0.70) and a pooled specificity of 0.90 (95% measurement test measurement
n=12,614 Cl, 0.84 to 0.95) with considerable protocols, BP protocols deviated
heterogeneity. thresholds. somewhat from
commonly performed
protocols in U.S.
practice in that
studies mostly used
a mercury
sphygmomanometer,
had participants rest
for 5 minutes prior to
measurement, and
used the average of
multiple
measurements.
No studies report
accuracy for 2130/80
mm Hg threshold
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Table 19. Summary of Evidence

Studies (k)
Study Consistency
Key question | designs Summary of findings and Icher . S“fength o Applicability
. . imitations evidence
Observations precision
(n)
KQ 2a K=4 cross 3 studies addressed how number of Inconsistent, | Few studies INSUFFICIENT to Population: General
sectional measurements and visits influences imprecise overall; single evaluate any single | adult population
Diagnostic studies accuracy and showed mixed results. studies protocol
accuracy of (4 new) evaluating characteristic Intervention:
different different variations in number
OBPM N=1,612 comparisons of of office
protocol comparative measurements and
characteristics accuracy of visits
number of visits
and
measurements
making
conclusions
difficult.
KQ3 k=18 cross Repeat OBPM: Meta-analysis of 8 OBPM Repeat Repeat office: Repeat OBPM: Population: Adults
sectional confirmation studies (N=53,183) reporting OBPM: heterogeneity in | LOW for adequate referred for ABPM
Diagnostic studies SBP/DBP thresholds showed a pooled inconsistent population sensitivity and low due to elevated
Accuracy of (12 new) sensitivity of 0.80 (95% ClI, 0.68 to 0.88) and recruitment, specificity office blood
Confirmatory and a pooled specificity of 0.55 (95% Cl, imprecise blood pressure pressures or
Screen n=57,128 0.42 to 0.66) with considerable measurement HBPM: LOW for suspicious for white
heterogeneity. protocols, adequate sensitivity | coat hypertension.
Repeat HBPM: thresholds and low specificity
OBPM: 13 HBPM: Meta-analysis of 4 HBPM inconsistent Intervention:
studies confirmation studies (N=1,001) showed a and Self OBPM and | Self-OPBM: Repeat OBPM: Most
(n=55,759) pooled sensitivity of 0.84 (95% CI, 0.76 to imprecise truncated INSUFFICIENT index test protocols
0.90), and pooled specificity of 0.60 (95% ABPM,; too few had 5 minutes rest
HBPM: 4 Cl, 0.48 to 0.71) with considerable studies Truncated ABPM: and used mercury
studies heterogeneity. Self-OPBM: INSUFFICIENT sphygmomanometer
(n=1,001) inconsistent AOBP: no
Self-OBPM: 2 studies reported wide and studies HBPM: Diagnostic
Self- ranging sensitivities (0.20 to 0.92) and imprecise threshold, devices,
administered specificities (0.25 to 0.97). and protocol
OBPM: 2 Truncated characteristics
studies Truncated vs 24-h ABPM: 1 study ABPM: NA similar to those in
(n=698) reporting separate analyses by indication. for current practice
Sensitivity and specificity were 0.94 and consistency, Self OBPM and
Truncated vs 0.76, respectively, for ABPM indication of precision truncated ABPM,;
24-h ABPM: 1 | borderline HTN (N=126) and 0.89 and 0.70 Neither intervention
study for the ABPM indication of suspected white commonly used in
(n=263) coat HTN (N=137).
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Table 19. Summary of Evidence

Studies (k)
Study Consistency
Key question | designs Summary of findings and Icher . S“fength o Applicability
. . imitations evidence
Observations precision
(n)
clinical practice for
confirmation.
KQ 3a k=5 cross- Evidence on accuracy of protocol Office: The only INSUFFICIENT to Population: Referred
sectional variations was sparse. inconsistent, | protocol evaluate any single | for ABPM due to
Diagnostic studies imprecise variations protocol elevated office blood
accuracy of (4 new) Repeat OBPM: Two studies examined examined were | characteristic for pressures or
different different office protocols with mixed results | Home: number of any modality suspicious for white
confirmatory n=1,550 consistent, measurements coat hypertension.
protocol HBPM: Two studies reported similar imprecise and days of
characteristics accuracies with home protocols based on measurements. Intervention: office
7 compared to 5 days of measurement Self: No studies and home BP
NA single looked at rest variations in protocol
Self-OPBM: One study reported similar study time, patient could be applicable
accuracy for 3 compared to 5 positioning, to current practice.
measurements in a single sitting timing of
measurements
during the day
or any other
variations.
KQ 4 k=13 studies Limited evidence suggests that screening QOL: Heterogenous LOW for minor Population:
[2 RCTs, 6 is not associated with any substantial short | consistent, group of dated harms Employment based
Harms cohort, 5 term QOL changes. Scant evidence on imprecise studies, and clinic-based
Cross absenteeism is mixed. generally small studies in very high
sectional] Absenteeism: | in size and of HDI countries.
(4 newly ABPM is associated with minor adverse Inconsistent, | limited quality.
included) events including temporary sleep imprecise QOL studies
disturbance, arm discomfort, and bruising. and
n=5,150 Tolerability/ absenteeism
sleep studies did not
disturbance: control for
consistent, confounders.
imprecise Sleep
disturbance and
tolerability
studies limited
by cross
sectional design
without
comparators
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Table 19. Summary of Evidence

Studies (k)
Study Consistency
Key question | designs Summary of findings and ﬁrtnhite&:tions S&Eggggm Applicability
Observations precision
(n)
and lack of
validated
measures.

Abbreviations: Cl = confidence interval; DBP = diastolic blood pressure; K = number of trials; N = population size; n = sample size; NA = not applicable; NR = not reported;
RCT = randomized controlled trial; SBP = systolic blood pressure; vs = versus.
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Table 20. Summary of Existing and New Evidence

Key Question

Rationale for existing
2015 recommendation

Limitations of
foundational evidence

New evidence

Limitations of new
evidence

Consistency of new
evidence with prior
recommendation

Benefits of screening
and treatment

Screening and
treatment substantially
reduce CVD events
based on:

e Direct evidence: 1
large cluster RCT
(CHAP)

e Indirect evidence:
IPD MA and MA of
treatment benefit

CHAP study: conducted
in participants 265
years, community
pharmacy setting,
multicomponent
intervention

Identification of HTN in
treatment trials based
on OBPM alone; thus,
treatment evidence
includes white coat HTN
in addition to sustained
HTN. Treatment benefit
of white coat and
masked HTN unknown

No new KQ1 evidence;
MAs and IPD MAs of
treatment continue to
accrue with focus on
risk stratification and
attention to BP goals

NA

Diagnostic accuracy of
screening and
confirmation

NA

Much of 2015 review
focused on establishing
ABPM as reference
standard based on
prognostic value in
predicting future CVD
events

Did not address
diagnostic accuracy of
screening/confirmatory
BP modalities against
ABPM reference
standard

Initial OBPM screening
accuracy:

Low sensitivity,
adequate specificity

Confirmation accuracy:
Adequate sensitivity,
low specificity for
OBPM, HBPM
modalities

Accuracy evidence with
clinical heterogeneity

Index test protocols are
“research quality” and
deviate from current
practice

No studies of 130/80
mm Hg threshold,
limited data for AOBP

Consistent. Despite low
sensitivity of OBPM for
initial screening,
treatment benefit based
on OBPM-based trials is
substantial

Clinical uncertainty
remains as to how to
integrate accuracy
results with foundational
treatment evidence
because effectiveness
of WCH and MH
treatment remain a
research gap

Harms of screening

Few major harms of
screening

Heterogeneous group of
small, older studies of
varied design and
limited quality

Few major harms of
screening

Same limitations

Consistent

Abbreviations: AOBP = automated office-based blood pressure; BP = blood pressure; CVD = cardiovascular disease; CHAP = Cardiovascular Health Awareness Program; [PD
MA = individual-patient data meta-analysis; KQ = key question; MA = meta-analysis; MH = masked hypertension; NA = not applicable; OBPM = office-based blood pressure
measurement; RCT = randomized control trial; WCH = white coat hypertension.
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Table 21. Estimated Positive and Negative Predictive Values in a Hypothetical Population (n=1,000), Based on KQ2 Meta-Analysis, by
Age Group

Age Prevalence of
Pooled estimate group, | hypertension, | Sensitivity Specificity TP, n TN, n FN, n FP, n PPV NPV
years percent
Lower bound of sensitivity Cl and 18-40 22.6 0.37 0.95 84 735 142 39 0.68 0.84
upper bound of specificity CI 40-60 30.6 0.37 0.95 113 659 193 35 0.77 0.77
260 41.6 0.37 0.95 154 555 262 29 0.84 0.68
18-40 22.6 0.54 0.90 122 697 104 77 0.61 0.87
Pooled point estimates 40-60 30.6 0.54 0.90 165 625 141 69 0.70 0.82
=60 41.6 0.54 0.90 225 526 191 58 0.79 0.73
Upper bound of sensitivity Gl and 18-40 22.6 0.70 0.84 158 650 68 124 0.56 0.91
lower bound of specificity CI 40-60 30.6 0.70 0.84 214 583 92 111 0.66 0.86
=60 41.6 0.70 0.84 291 491 125 93 0.76 0.80
Lower bound of sensitivity CI and 18-40 22.6 0.37 0.84 84 650 142 124 0.40 0.82
lower bound of specificity CI 40-60 30.6 0.37 0.84 113 583 193 111 0.50 0.75
260 41.6 0.37 0.84 154 491 262 93 0.62 0.65
Upper bound of sensitivity CI and 18-40 22.6 0.70 0.95 158 735 68 39 0.80 0.92
upper bound of specificity CI 40-60 30.6 0.70 0.95 214 659 92 35 0.86 0.88
=60 41.6 0.70 0.95 291 555 125 29 0.91 0.82

Abbreviations: CI = confidence interval; FN = false negative; FP = false positive; NPV = negative predictive value; PPV = positive predictive value; TN = true negative; TP =
true positive.
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Table 22. Comparative Screening and Confirmation Strategies Using a Hypothetical Population of 1,000 With a Hypertension Prevalence
of 30.6%

CommmEen Identified Missed Number Number Number PEreail of et o
. (Tx based on WCH Normotensives . population | hypertensives

Screening : HTN masked . e of office of of

final treated identified ;s correctly correctly

. cases HTN visits ABPMs HBPMs o o

modality) classified classified
ABPM ABPM 306 0 0 694 0 1000 0 100.0 100.0
Office ABPM 165 0 141 694 1000 234 0 85.9 53.9

. Repeat office,

Office then ABPM 132 0 174 694 1234 163 0 82.6 43.1
Office* Repeat Office | 132 31 174 663 1234 0 0 79.5 43.1
Office* HBPM 139 28 167 666 1000 0 234 80.5 45.4

* One or multiple elevated office measure could have been used to indicate confirmation.

Assumptions: Prevalence of 30.6% based on 24-h ABPM in untreated population 40-60 years old based on IDACO IPD-MA.* Screening OBPM sensitivity 0.54, specificity 0.90
based on KQ2 pooled estimates; for confirmatory testing with OBPM (sensitivity 0.80, specificity 0.55) or HBPM (sensitivity 0.84, specificity 0.60) based on KQ3 pooled
estimates.

Abbreviations: ABPM = ambulatory blood pressure measurement; HBPM = home blood pressure measurement; HTN = hypertension; Tx = treatment; WCH = white coat
hypertension.
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Table 23. Risk for Cardiovascular Events Associated With ABPM Phenotypes in Synthesized Literature

N .
AU analyzed ﬁgzﬁugﬁt ABPM | Measure of risk and | WCHTNvs | WCHTN | MHTNvs | MHTN vs SHTN vs NT
and N interval | adjustments NT vs SHTN | NT SHTN
Study type events status
Briasoulis, N Treated and Daytime, | OR (95% CI); 1.73 (1.27to | 0.40 NR NR NR
20162 analyzed: | untreated 24-h, adjustments not 2.36) (0.32to
29,100* (proportion NR) and reported 0.51)
SR/MA of 14 N events: HBPMt
studies NR
Huang, N Untreated§ Daytime, | RR (95% CI); study- 1.38(1.15t0 | NR NR NR NR
20173 analyzed: 24-h and | level adjustments for | 1.65)
20,445 HBPMII various CVD risk
SR/MA of 8 N CVD factors
studies events:
including 23 NR
cohortst
Pierdomenico, | N=7,961 | Untreated Daytime, | HR (95% CI); study- 0.96 (0.65t0 | NR 2.09 (1.55 | NR 2.59 (2.0to
2011% N CVD 24-hy level adjustments for | 1.42) to 2.81) 3.35)
events: various CVD risk
SR/MA of 8 696 factors
studies
Asayama, N Untreated 24-h HR (95% ClI); age, 1.21(0.91to | 0.51 2.03(1.55 | 0.70 (0.54 to NR
201438 analyzed: sex, BMI, smoking, 1.61) (0.40to to 2.67) 0.91)
8,237 drinking, TC, DM, 0.64)
IPD-MA of 12 CVD history, and
cohorts N CVD cohort
events: Daytime | HR (95% CI); age, 1.38 (1.03to | 0.57 1.85(1.42 | 0.61 (0.48 to NR
729 sex, BMI, smoking, 1.87) (0.44 to to 2.40) 0.78)
drinking, TC, DM, 0.73)
CVD history, and
cohort
Cohen, N Untreated# Daytime, | HR (95% CI); study- 1.36 (1.03to | NR NR NR 2.31(1.91to
201984 analyzed: 24-h** level adjustments for | 2.00) 3.15) 1185
85,239 various CVD risk
SR/MA of 27 N CVD factorstt
studies events:
NR

*Total N analyzed across all outcomes; NR by outcome.
+ One study used intra-arterial 24-h ABPM and 3 studies used HBPM.
1 For untreated population.

8 Results for untreated population reported in table; in the treated population, the relative risk for a CVD event was nonsignificantly increased in those with WCHTN compared to

NT [1.16 (95% CI, 0.91 to 1.49)].
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Table 23. Risk for Cardiovascular Events Associated With ABPM Phenotypes in Synthesized Literature

I'1 study used HBPM.

1 Daytime ABPM used in seven out of eight studies.

# In analyses restricted to treated participants, the adjusted HR for white coat hypertension compared to normotension was 1.12 (95% CI, 0.91 to 1.39).

** Five studies used HBPM.

+1 As reported in Supplement Table 4.

11 Shimbo and colleagues report hazard ratios for white coat vs sustained hypertension for the studies of untreated white coat hypertension reported in the review by Cohen and
colleagues.

Abbreviations: ABPM=ambulatory blood pressure monitoring; ACM=all-cause mortality; CVD=cardiovascular disease; HBPM=home blood pressure monitoring; IPD

MA-=individual patient-data meta-analysis; MHTN=masked hypertension; N=number; NR=not reported; NT=normotension; SHTN=sustained hypertension; SR/MA=systematic
review and meta-analysis; WHTN=white coat hypertension.
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Appendix A. Detailed Methods

Literature search strategies for primary literature

Key:

/ = MeSH subject heading

* = truncation

ab = word in abstract

adj# = adjacent within # number of words
ae = adverse effects

bt = word in book title

co = complications

di = diagnosis

fs = floating subheading

kf = keyword heading word

kw= keyword

MH = MeSH Heading

MW = floating subheading

N# = adjacent within # number of words
near/# = adjacent within x number of words
NEXT = immediately adjacent

PT = Publication type

ti = word in title

Cochrane Central Register of Controlled Clinical Trials (CENTRAL)
Issue 8 of 12, August 2019

#1 "blood pressure":ti 12378

#2 "blood pressures":ti 100

#3 "arterial pressure":ti 350

#4 "arterial pressures":ti 6

#5 "systolic pressure":ti 48

#6 "systolic pressures":ti 1

#7 "diastolic pressure":ti 20

#8 "diastolic pressures":ti 1

#9 hypertensi*:ti 26580

#10  prehypertensi*:ti 295

#11  pre NEXT hypertensi*:ti 68
#12  sphygmomanomet™:ti 56

#13  aobp:ti0

#14  mobp:ti 0
#15  obpm:ti 0
#16  hbpm:ti 3
#17  abpm:ti 72

#18  {or #1-#17} 35871

#19  screen*:ti,ab,kw 63475
#20  monitor*:ti,ab,kw 84917
#21  diagnos*:ti,ab,kw 215515
#22  measur*:ti,ab,kw 410731
#23  determin*:ti,abkw 229847
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Appendix A. Detailed Methods

#24
#25
#26
#27
#28
#29
#30
#31
#32
#33
#34
#35
#36

surveil*:ti,ab,kw 8011
confirm*:ti,ab,kw 79820
{or #19-#25} 749079

#18 and #26 18198
home:ti,ab,kw 36669
office:ti,ab,kw 7125
ambulatory:ti,abkw 19896
ausculta*:ti,ab,kw 800
oscillometr*:ti,ab.kw 708
korotkoff:ti,ab,kw 67
{or #28-#33} 61055

#18 and #34 5598

#27 or #35 with Publication Year from 2014 to 2019, with Cochrane Library publication
date Between Jul 2018 and Dec 2019, in Trials

OVID MEDLINE Indexed
Database: Ovid MEDLINE(R) <1946 to July Week 5 2019>, Ovid MEDLINE(R) Daily Update
<August 07, 2019>
Search Strategy:

KQ1 Screening Trials

0NN N kAW~

[\ NG T NS T O I NS I e e e e e e el )
A LWL, OOV IWN AW —=O

Hypertension/ (227235)
Essential Hypertension/ (2145)
Masked Hypertension/ (254)
White Coat Hypertension/ (374)
Prehypertension/ (873)
Blood Pressure/ (268434)
Arterial Pressure/ (4823)
hypertensi*.ti,bt. (175473)
prehypertensi*.ti,bt. (861)
arterial pressure*.ti,bt. (5335)

(systolic pressure* or diastolic pressure™®).ti,ab,kf. (24759)
lor2or3ord4orSor6or7or8or9orl0orll (488330)

Mass Screening/ (98464)

screen* .ti,ab,kf. (602589)

13 or 14 (630045)
Hypertension/di (18926)
Prehypertension/di (178)
Essential Hypertension/di (42)
Masked Hypertension/di (138)
White Coat Hypertension/di (200)
16 or 17 or 18 or 19 or 20 (19223)
hypertensi*.ti,ab,kf. (377802)
prehypertensi*.ti,ab,kf. (2171)

pre hypertensi*.ti,ab,kf. (590)
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25 arterial pressure®.ti,ab,kf. (56533)

26  blood pressure.ti,ab,kf. (265756)

27  (systolic pressure* or diastolic pressure®).ti,ab,kf. (24759)

28 22 or23 or24 or25o0r26or27(586814)

29  screen*.ti,ab,kf. (602589)

30 28 and 29 (17927)

31 limit 30 to ("in data review" or in process or "pubmed not medline") (0)

32 12 and 15 (10927)

33 21 or31or32(28369)

34  Blood Pressure Determination/ (26875)

35 Sphygmomanometers/ (869)

36 Blood Pressure Monitors/ (2223)

37  ((office or clinic*) adj3 (blood pressure® or BP or hypertensi*)).ti,ab,kf. (11817)

38 (home adj3 (blood pressure* or BP or hypertensi*)).ti,ab,kf. (2226)

39  ((blood pressure* or BP or hypertensi*) adj3 kiosk*).ti,ab,kf. (12)

40  ((manual or automated) adj3 (blood pressure* or BP or hypertensi*)).ti,ab,kf. (784)

41  ((ausculta* or oscillomet™® or korotkoff) adj3 (blood pressure* or BP or
hypertensi*)).ti,ab,kf. (991)

42 ((blood pressure* or BP or hypertensi*) adj1 (monitor* or measur* or surveil*)).ti,ab,kf.
(21373)

43 ((blood pressure* or BP or hypertensi*) adj3 confirm*).ti,ab,kf. (1370)

44 (((hypertensi* or blood pressure* or BP) adj3 screen*) and (instrument® or method* or
technique®)).ti,ab,kf. (930)

45  aobp.ti,abkf. (47)

46 mobp.ti,ab,kf. (89)

47  obpm.ti,ab.kf. (30)

48  hbpm.ti,ab,kf. (203)

49  Sphygmomanomet®.ti,ab,kf. (2837)

50 Blood Pressure Monitoring, Ambulatory/ (9294)

51 abpm.ti,ab.kf. (2326)

52 (ambulat* and (blood pressure* or BP or hypertensi*)).ti,ab,kf. (14367)

53 34 or35o0r36or37or38or39 or40 or 4l or 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49
or 50 or 51 or 52 (62391)

54 33 or 53 (81694)

55 (clinical trial or controlled clinical trial or randomized controlled trial or adaptive clinical
trial orequivalence trial or pragmatic clinical trial or meta analysis).pt. (914388)

56  clinical trials as topic/ or controlled clinical trials as topic/ or randomized controlled trials
as topic/ or adaptive clinical trials as topic/ or equivalence trials as topic/ or pragmatic clinical
trials as topic/ (314705)

57 Meta-Analysis as Topic/ (17134)

58 Random allocation/ (99937)

59  control groups/ or double-blind method/ or single-blind method/ (180418)

60 clinical trial*.ti,ab,kf. (292255)

61 (control* adj3 (study or studies or trial*)).ti,ab,kf. (425239)

62 random* ti,ab,kf. (905774)

63 55o0r56o0r57or58or59or60or6lor62(1871409)
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64 54 and 63 (15136)

65 limit 64 to "all adult (19 plus years)" (11398)
66 limit 64 to "all child (0 to 18 years)" (1969)

67 66 not 65 (585)

68 64 not 67 (14551)

69 animals/ not (humans/ and animals/) (4573928)
70 68 not 69 (14228)

71  limit 70 to english language (12959)

72 limit 71 to yr="2014 -Current" (3314)

73 remove duplicates from 72 (3308)

74 (201808* or 201809* or 201810* or 201811* or 201812* or 2019%*).ed. (947729)
75 73 and 74 (607)

KQ2 and KQ3 Screening Diagnostic Accuracy

Hypertension/ (227235)
Essential Hypertension/ (2145)
Masked Hypertension/ (254)
White Coat Hypertension/ (374)
Prehypertension/ (873)
Blood Pressure/ (268434)
Arterial Pressure/ (4823)
hypertensi*.ti,bt. (175473)
prehypertensi*.ti,bt. (861)
arterial pressure*.ti,bt. (5335)
(systolic pressure* or diastolic pressure®).ti,ab,kf. (24759)
lor2or3or4orSor6or7or8or9orl0orll (488330)
Mass Screening/ (98464)
screen®.ti,ab,kf. (602589)
13 or 14 (630045)
Hypertension/di (18926)
Prehypertension/di (178)
Essential Hypertension/di (42)
Masked Hypertension/di (138)
White Coat Hypertension/di (200)
16 or 17 or 18 or 19 or 20 (19223)
hypertensi*.ti,ab,kf. (377802)
prehypertensi*.ti,ab,kf. (2171)
pre hypertensi*.ti,ab,kf. (590)
arterial pressure*.ti,ab,kf. (56533)
blood pressure.ti,ab,kf. (265756)
(systolic pressure* or diastolic pressure®).ti,ab,kf. (24759)
22 or 23 or 24 or 25 or 26 or 27 (586814)
screen*.ti,ab,kf. (602589)
28 and 29 (17927)
limit 30 to ("in data review" or in process or "pubmed not medline") (0)
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32 12 and 15 (10927)

33 21 or31or32(28369)

34  Blood Pressure Determination/ (26875)

35 Sphygmomanometers/ (869)

36  Blood Pressure Monitors/ (2223)

37  ((office or clinic*) adj3 (blood pressure* or BP or hypertensi*)).ti,ab,kf. (11817)
38 (home adj3 (blood pressure* or BP or hypertensi*)).ti,ab,kf. (2226)

39  ((blood pressure* or BP or hypertensi*) adj3 kiosk*).ti,ab,kf. (12)

40  ((manual or automated) adj3 (blood pressure* or BP or hypertensi*)).ti,ab,kf. (784)
41  ((ausculta* or oscillomet* or korotkoff) adj3 (blood pressure* or BP or
hypertensi*)).ti,ab,kf. (991)

42 ((blood pressure* or BP or hypertensi*) adjl (monitor* or measur* or surveil*)).ti,ab,kf.
(21373)

43 ((blood pressure* or BP or hypertensi*) adj3 confirm*).ti,ab,kf. (1370)

44 (((hypertensi* or blood pressure* or BP) adj3 screen*) and (instrument™ or method* or
technique®)).ti,ab,kf. (930)

45 aobp.ti,ab,kf. (47)

46  mobp.ti,ab,kf. (89)

47  obpm.ti,ab,kf. (30)

48  hbpm.ti,ab,kf. (203)

49  Sphygmomanomet*.ti,ab,kf. (2837)

50 34 or35o0r36or37or38or39 or40 or 4l or 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49
(55272)

51 33 or50(75330)

52 Blood Pressure Monitoring, Ambulatory/ (9294)

53 abpm.ti,ab.kf. (2326)

54  (ambulat* and (blood pressure* or BP or hypertensi*)).ti,ab,kf. (14367)

55 52 or 53 or 54 (17720)

56  "Sensitivity and Specificity"/ (337969)

57  "Predictive Value of Tests"/ (193080)

58 ROC Curve/ (53126)

59 False Negative Reactions/ (17444)

60 False Positive Reactions/ (27151)

61 Diagnostic Errors/ (36643)

62 "Reproducibility of Results"/ (379982)

63 Reference Values/ (157427)

64 Reference Standards/ (41087)

65 Observer Variation/ (40998)

66  Prevalence/ (272713)

67 Receiver operat*.ti,ab,kf. (59412)

68 ROC curve*.ti,ab,kf. (24460)

69 sensitivit*.ti,ab,kf. (668322)

70  specificit*.ti,ab,kf. (419213)

71  predictive value.ti,ab,kf. (75452)

72 accuracy.ti,ab,kf. (295343)

73 false positive*.ti,ab,kf. (50776)
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74
75
76
77
78

false negative*.ti,ab,kf. (28903)

miss rate*.ti,ab,kf. (382)

error rate*.ti,ab,kf. (10497)

prevalence.ti,ab,kf. (501046)

56 or 57 or 58 or 59 or 60 or 61 or 62 or 63 or 64 or 65 or 66 or 67 or 68 or 69 or 70 or 71

or 72 or 73 or 74 or 75 or 76 or 77 (2443663)

79
80
81
82
83
84
85
86
87
88
&9
90

51 and 55 and 78 (3544)

limit 79 to "all adult (19 plus years)" (2600)
limit 79 to "all child (0 to 18 years)" (572)

81 not 80 (224)

79 not 82 (3320)

animals/ not (humans/ and animals/) (4573928)
83 not 84 (3309)

limit 85 to english language (2951)

limit 86 to yr="2014 -Current" (761)

remove duplicates from 87 (761)

(201808* or 201809* or 201810* or 201811%* or 201812* or 2019*).ed. (947729)
88 and 89 (117)

KQ4 Screening Harms
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Hypertension/ (227235)

Essential Hypertension/ (2145)

Masked Hypertension/ (254)

White Coat Hypertension/ (374)

Prehypertension/ (873)

Blood Pressure/ (268434)

Arterial Pressure/ (4823)

hypertensi*.ti,bt. (175473)

prehypertensi*.ti,bt. (861)
arterial pressure™®.ti,bt. (5335)
(systolic pressure* or diastolic pressure®).ti,ab,kf. (24759)
lor2or3or4orSor6or7or8or9orl0orll (488330)
Mass Screening/ (98464)
screen®.ti,ab,kf. (602589)
13 or 14 (630045)
Hypertension/di (18926)
Prehypertension/di (178)
Essential Hypertension/di (42)
Masked Hypertension/di (138)
White Coat Hypertension/di (200)
16 or 17 or 18 or 19 or 20 (19223)
hypertensi*.ti,ab,kf. (377802)
prehypertensi*.ti,ab,kf. (2171)
pre hypertensi*.ti,ab,kf. (590)
arterial pressure®.ti,ab,kf. (56533)
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26  blood pressure.ti,ab,kf. (265756)

27  (systolic pressure* or diastolic pressure®).ti,ab,kf. (24759)

28 22 or23 or24 or25or26 or 27 (586814)

29  screen*.ti,ab,kf. (602589)

30 28and 29 (17927)

31 limit 30 to ("in data review" or in process or "pubmed not medline") (0)

32 12 and 15 (10927)

33 21 or31or32(28369)

34 Blood Pressure Determination/ (26875)

35 Sphygmomanometers/ (869)

36 Blood Pressure Monitors/ (2223)

37  ((office or clinic*) adj3 (blood pressure* or BP or hypertensi*)).ti,ab,kf. (11817)
38 (home adj3 (blood pressure* or BP or hypertensi*)).ti,ab,kf. (2226)

39  ((blood pressure* or BP or hypertensi*) adj3 kiosk*).ti,ab,kf. (12)

40  ((manual or automated) adj3 (blood pressure* or BP or hypertensi*)).ti,ab,kf. (784)
41  ((ausculta* or oscillometr® or korotkoff) adj3 (blood pressure* or BP or
hypertensi*)).ti,ab,kf. (987)

42 ((blood pressure* or BP or hypertensi*) adjl (monitor* or measur* or surveil*)).ti,ab,kf.
(21373)

43 ((blood pressure* or BP or hypertensi*) adj3 confirm*).ti,ab,kf. (1370)

44 (((hypertensi* or blood pressure* or BP) adj3 screen*) and (instrument* or method™ or
technique®)).ti,ab,kf. (930)

45  aobp.ti,ab,kf. (47)

46  mobp.ti,ab,kf. (89)

47  obpm.ti,ab,kf. (30)

48  hbpm.ti,ab,kf. (203)

49  Sphygmomanometer.ti,ab,kf. (1981)

50 Blood Pressure Monitoring, Ambulatory/ (9294)

51 abpm.ti,ab,kf. (2326)

52  (ambulat* and (blood pressure* or BP or hypertensi*)).ti,ab,kf. (14367)

53 34 o0or35o0r36or37or38or39 or40 or 4l or42 or 43 or 44 or 45 or 46 or 47 or 48 or 49
or 50 or 51 or 52 (62121)

54 "Quality of Life"/ (179329)

55 ABSENTEEISM/ (8783)

56  Sick Leave/ (5529)|

57  Sick Role/ (11307)

58 Illness Behavior/ (981)

59  ANXIETY/ (75777)

60 DEPRESSION/ (110709)

61 quality of life.ti,ab,kf. (214204)

62  self rated health.ti,ab,kf. (5570)

63  (psychological adj (distress or effect* or impact)).ti,ab,kf. (19979)

64 anxiet®.ti,ab,kf. (152104)

65 (depression or depressed or depressive).ti,ab,kf. (361412)

66 absenteeism.ti,ab,kf. (4889)

67  ((disability or sick) adj3 day*).ti,ab,kf. (1981)
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68 ae.fs. (1663413)

69  (harm or harms or harmful or harmed).ti,ab,kf. (88494)

70  (adverse adj (effect* or event® or outcome* or reaction*®)).ti,ab,kf. (284811)
71  complication*.ti,ab,kf. (811196)

72 54 or55or56or57 or 58 or 59 or 60 or 61 or 62 or 63 or 64 or 65 or 66 or 67 or 68 or 69
or 70 or 71 (3105948)

73 (33 or 53) and 72 (13382)

74  (label* adj5 (hypertensi* or prehypertensi* or "blood pressure" or "arterial
pressure")).ti,ab,kf. (373)

75 73 or 74 (13703)

76 limit 75 to "all adult (19 plus years)" (9373)

77  limit 75 to "all child (0 to 18 years)" (2097)

78 77 not 76 (748)

79 75 not 78 (12955)

80 animals/ not (humans/ and animals/) (4573928)

81 79 not 80 (12489)

82  limit 81 to english language (10794)

83  limit 82 to yr="2014 -Current" (3042)

84  remove duplicates from 83 (3039)

85 (201808* or 201809* or 201810* or 201811* or 201812* or 2019%*).ed. (947729)
86 84 and 85 (649)

MEDLINE Non Indexed

Database: Ovid MEDLINE(R) Epub Ahead of Print <August 08, 2019>, Ovid MEDLINE(R) In-
Process & Other Non-Indexed Citations <1946 to August 07, 2019>

Search Strategy:

KQ1 Screening Trials

Hypertension/ (0)

Essential Hypertension/ (0)

Masked Hypertension/ (0)

White Coat Hypertension/ (0)

Prehypertension/ (0)

Blood Pressure/ (0)

Arterial Pressure/ (0)

hypertensi*.ti,bt. (13979)

9 prehypertensi*.ti,bt. (99)

10  arterial pressure®.ti,bt. (189)

11 (systolic pressure* or diastolic pressure®).ti,ab,kf. (1384)
12 lor2or3ordorSor6or7or8or9orl0orll (15258)
13 Mass Screening/ (0)

14 screen*.ti,ab,kf. (97400)

15 13 or 14 (97400)

16  Hypertension/di (0)

17  Prehypertension/di (0)

0NN KW~
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18  Essential Hypertension/di (0)

19 Masked Hypertension/di (0)

20  White Coat Hypertension/di (0)

21 16or17or 18 or 19 or 20 (0)

22 hypertensi*.ti,ab,kf. (40693)

23 prehypertensi*.ti,ab,kf. (304)

24 pre hypertensi*.ti,ab,kf. (138

25 arterial pressure*.ti,ab,kf. (3664)

26  blood pressure.ti,ab,kf. (26043)

27  (systolic pressure* or diastolic pressure®).ti,ab,kf. (1384)

28 22or23 or24or25o0r26o0r27(59241)

29  screen*.ti,ab.kf. (97400)

30 28and 29 (3110)

31 limit 30 to ("in data review" or in process or "pubmed not medline") (2707)

32 12 and 15 (695)

33 21lor31or32(2787)

34 Blood Pressure Determination/ (0)

35 Sphygmomanometers/ (0)

36  Blood Pressure Monitors/ (0)

37  ((office or clinic*) adj3 (blood pressure* or BP or hypertensi*)).ti,ab,kf. (1560)

38 (home adj3 (blood pressure* or BP or hypertensi*)).ti,ab,kf. (352)

39  ((blood pressure* or BP or hypertensi*) adj3 kiosk*).ti,ab,kf. (3)

40  ((manual or automated) adj3 (blood pressure* or BP or hypertensi*)).ti,ab,kf. (142)

41  ((ausculta* or oscillomet* or korotkoff) adj3 (blood pressure* or BP or
hypertensi*)).ti,ab,kf. (107)

42  ((blood pressure* or BP or hypertensi*) adjl (monitor* or measur* or surveil*)).ti,ab,kf.
(2569)

43 ((blood pressure* or BP or hypertensi*) adj3 confirm*).ti,ab,kf. (167)

44 (((hypertensi* or blood pressure* or BP) adj3 screen*) and (instrument® or method* or
technique™)).ti,ab,kf. (182)

45  aobp.ti,abkf. (22)

46 mobp.ti,ab.kf. (11)

47  obpm.ti,ab,kf. (9)

48  hbpm.ti,ab,kf. (49)

49  Sphygmomanomet*.ti,ab,kf. (279)

50 Blood Pressure Monitoring, Ambulatory/ (0)

51 abpm.ti,ab,kf. (340)

52 (ambulat* and (blood pressure* or BP or hypertensi*)).ti,ab,kf. (1541)

53 34 or35o0r36or37or38or39 or40 or 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49
or 50 or 51 or 52 (4753)

54 33 or 53 (7094)

55 (clinical trial or controlled clinical trial or randomized controlled trial or adaptive clinical
trial or equivalence trial or pragmatic clinical trial or meta analysis).pt. (413)

56 clinical trials as topic/ or controlled clinical trials as topic/ or randomized controlled trials
as topic/ or adaptive clinical trials as topic/ or equivalence trials as topic/ or pragmatic clinical
trials as topic/ (0)
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57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73

Meta-Analysis as Topic/ (0)
Random allocation/ (0)

control groups/ or double-blind method/ or single-blind method/ (0)

clinical trial*.ti,ab,kf. (53205)

(control* adj3 (study or studies or trial*)).ti,ab,kf. (68672)

random*.ti,ab,kf. (161593)

55 or 56 or 57 or 58 or 59 or 60 or 61 or 62 (217224)

54 and 63 (1440)

limit 64 to "all adult (19 plus years)" (0)
limit 64 to "all child (0 to 18 years)" (0)
66 not 65 (0)

64 not 67 (1440)

animals/ not (humans/ and animals/) (0)
68 not 69 (1440)

limit 70 to english language (1426)
limit 71 to yr="2014 -Current" (1071)
remove duplicates from 72 (1065)

KQ2 and KQ3 Screening Diagnostic Accuracy
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Hypertension/ (0)

Essential Hypertension/ (0)

Masked Hypertension/ (0)

White Coat Hypertension/ (0)

Prehypertension/ (0)

Blood Pressure/ (0)

Arterial Pressure/ (0)

hypertensi*.ti,bt. (13979)

prehypertensi*.ti,bt. (99)
arterial pressure®.ti,bt. (189)

(systolic pressure* or diastolic pressure*).ti,ab,kf. (1384)
lor2or3ord4orSor6or7or8or9orl0orll (15258)

Mass Screening/ (0)
screen*.ti,ab,kf. (97400)

13 or 14 (97400)
Hypertension/di (0)
Prehypertension/di (0)
Essential Hypertension/di (0)
Masked Hypertension/di (0)
White Coat Hypertension/di (0)
16 or 17 or 18 or 19 or 20 (0)
hypertensi*.ti,ab,kf. (40693)
prehypertensi*.ti,ab,kf. (304)
pre hypertensi*.ti,ab,kf. (138)
arterial pressure*.ti,ab,kf. (3664)
blood pressure.ti,ab,kf. (26043)
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27  (systolic pressure* or diastolic pressure®).ti,ab,kf. (1384)

28 22 or23 or24 or25o0r26or27(59241)

29  screen*.ti,ab,kf. (97400)

30 28and 29 (3110)

31 limit 30 to ("in data review" or in process or "pubmed not medline") (2707)

32 12 and 15 (695)

33 2l or31or32(2787)

34 Blood Pressure Determination/ (0)

35 Sphygmomanometers/ (0)

36 Blood Pressure Monitors/ (0)

37  ((office or clinic*) adj3 (blood pressure® or BP or hypertensi*)).ti,ab,kf. (1560)
38 (home adj3 (blood pressure* or BP or hypertensi*)).ti,ab,kf. (352)

39  ((blood pressure* or BP or hypertensi*) adj3 kiosk™®).ti,ab,kf. (3)

40  ((manual or automated) adj3 (blood pressure* or BP or hypertensi*)).ti,ab,kf. (142)
41  ((ausculta* or oscillomet™® or korotkoff) adj3 (blood pressure* or BP or
hypertensi*)).ti,ab,kf. (107)

42 ((blood pressure* or BP or hypertensi*) adj1 (monitor* or measur* or surveil*)).ti,ab,kf.
(2569)

43 ((blood pressure* or BP or hypertensi*) adj3 confirm*).ti,ab,kf. (167)

44 (((hypertensi* or blood pressure* or BP) adj3 screen*) and (instrument* or method* or
technique®)).ti,ab,kf. (182)

45  aobp.ti,ab.kf. (22)

46  mobp.ti,ab,kf. (11)

47  obpm.ti,ab.kf. (9)

48  hbpm.ti,abkf. (49)

49  Sphygmomanomet*.ti,ab,kf. (279)

50 34 or35o0r36or37or38or39 or40 or4l or42 or 43 or 44 or 45 or 46 or 47 or 48 or 49
(4186)

51 33 o0r50(6551)]

52 Blood Pressure Monitoring, Ambulatory/ (0)

53  abpm.ti,ab,kf. (340)

54  (ambulat* and (blood pressure* or BP or hypertensi*)).ti,ab,kf. (1541)

55 52 or 53 or 54 (1578)

56  "Sensitivity and Specificity"/ (0)

57  "Predictive Value of Tests"/ (0)

58 ROC Curve/ (0)

59 False Negative Reactions/ (0)

60 False Positive Reactions/ (0)

61 Diagnostic Errors/ (0)

62 "Reproducibility of Results"/ (0)

63 Reference Values/ (0)

64 Reference Standards/ (0)

65 Observer Variation/ (0)

66  Prevalence/ (0)

67 Receiver operat*.ti,ab,kf. (12876)

68 ROC curve*.ti,ab,kf. (5325)
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69
70
71
72
73
74
75
76
77
78

79
80
81
82
83
84
85
86
87
88

sensitivit®.ti,ab,kf. (103359)
specificit*.ti,ab,kf. (44604)
predictive value.ti,ab,kf. (10286)
accuracy.ti,ab,kf. (73665)

false positive*.ti,ab,kf. (5512)
false negative™®.ti,ab,kf. (2794)
miss rate*.ti,ab,kf. (83)

error rate®.ti,ab,kf. (3020)
prevalence.ti,ab,kf. (79505)

56 or 57 or 58 or 59 or 60 or 61 or 62 or 63 or 64 or 65 or 66 or 67 or 68 or 69 or 70 or 71
or 72 or 73 or 74 or 75 or 76 or 77 (274346)

51 and 55 and 78 (255)

limit 79 to "all adult (19 plus years)" (0)
limit 79 to "all child (0 to 18 years)" (0)
81 not 80 (0)

79 not 82 (255)

animals/ not (humans/ and animals/) (0)
83 not 84 (255)

limit 85 to english language (251)

limit 86 to yr="2014 -Current" (199)
remove duplicates from 87 (198)

KQ4 Screening Harms
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Hypertension/ (0)

Essential Hypertension/ (0)

Masked Hypertension/ (0)

White Coat Hypertension/ (0)

Prehypertension/ (0)

Blood Pressure/ (0)

Arterial Pressure/ (0)

hypertensi*.ti,bt. (13979)

prehypertensi*.ti,bt. (99)
arterial pressure*.ti,bt. (189)

(systolic pressure* or diastolic pressure*).ti,ab,kf. (1384)
lor2or3ord4orSor6or7or8or9orl0orll (15258)

Mass Screening/ (0)

screen* .ti,ab,kf. (97400)

13 or 14 (97400)
Hypertension/di (0)
Prehypertension/di (0)
Essential Hypertension/di (0)
Masked Hypertension/di (0)
White Coat Hypertension/di (0)
16 or 17 or 18 or 19 or 20 (0)
hypertensi*.ti,ab,kf. (40693)

Screening for Hypertension in Adults
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23 prehypertensi*.ti,ab,kf. (304)

24 pre hypertensi*.ti,ab,kf. (138)

25 arterial pressure®.ti,ab,kf. (3664)

26  blood pressure.ti,ab,kf. (26043)

27  (systolic pressure* or diastolic pressure®).ti,ab,kf. (1384)

28 22 o0r23 or24 or 25 or 26 or 27 (59241)

29  screen*.ti,ab,kf. (97400)

30 28and 29 (3110)

31 limit 30 to ("in data review" or in process or "pubmed not medline") (2707)

32 12 and 15 (695)

33 2l or31or32(2787)

34 Blood Pressure Determination/ (0)

35 Sphygmomanometers/ (0)

36 Blood Pressure Monitors/ (0)

37  ((office or clinic*) adj3 (blood pressure® or BP or hypertensi*)).ti,ab,kf. (1560)
38 (home adj3 (blood pressure* or BP or hypertensi*)).ti,ab,kf. (352)

39  ((blood pressure* or BP or hypertensi*) adj3 kiosk™®).ti,ab,kf. (3)

40  ((manual or automated) adj3 (blood pressure* or BP or hypertensi*)).ti,ab,kf. (142)
41  ((ausculta* or oscillometr* or korotkoft) adj3 (blood pressure* or BP or
hypertensi*)).ti,ab,kf. (107)

42 ((blood pressure* or BP or hypertensi*) adjl (monitor* or measur* or surveil*)).ti,ab,kf.
(2569)

43 ((blood pressure* or BP or hypertensi*) adj3 confirm*).ti,ab,kf. (167)

44 (((hypertensi* or blood pressure* or BP) adj3 screen*) and (instrument® or method* or
technique®)).ti,ab,kf. (182)

45 aobp.ti,ab.kf. (22)

46  mobp.ti,ab.kf. (11)

47  obpm.ti,ab.kf. (9)

48  hbpm.ti,ab,kf. (49)

49  Sphygmomanometer.ti,ab,kf. (224)

50 Blood Pressure Monitoring, Ambulatory/ (0)

51 abpm.ti,ab.kf. (340)

52  (ambulat* and (blood pressure* or BP or hypertensi*)).ti,ab,kf. (1541)

53 34 or35o0r36or37or38or39 or40 or 4l or 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49
or 50 or 51 or 52 (4721)

54 "Quality of Life"/ (0)

55 ABSENTEEISM/ (0)

56 Sick Leave/ (0)

57  Sick Role/ (0)

58 [Illness Behavior/ (0)

59 ANXIETY/ (0)

60 DEPRESSION/ (0)

61 quality of life.ti,ab,kf. (42992)

62  self rated health.ti,ab,kf. (997)

63  (psychological adj (distress or effect* or impact)).ti,ab,kf. (3661)

64 anxiet®.ti,ab,kf. (26684)
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65
66
67
68
69
70
71
72

(depression or depressed or depressive).ti,ab,kf. (50781)

absenteeism.ti,ab,kf. (668)

((disability or sick) adj3 day*).ti,ab,kf. (227)

ae.fs. (0)

(harm or harms or harmful or harmed).ti,ab,kf. (18069)

(adverse adj (effect* or event® or outcome* or reaction*)).ti,ab,kf. (49108)
complication®.ti,ab,kf. (112421)

54 or 55 or 56 or 57 or 58 or 59 or 60 or 61 or 62 or 63 or 64 or 65 or 66 or 67 or 68 or 69

or 70 or 71 (264381)

73
74

(33 or53) and 72 (1319)
(label* adj5 (hypertensi* or prehypertensi* or "blood pressure" or "arterial

pressure")).ti,ab,kf. (47)

75
76
77
78
79
80

73 or 74 (1361)

limit 75 to "all adult (19 plus years)" (0)
limit 75 to "all child (0 to 18 years)" (0)
77 not 76 (0)

75 not 78 (1361)

animals/ not (humans/ and animals/) (0)

81 79 not 80 (1361)
82 limit 81 to english language (1336)
83  limit 82 to yr="2014 -Current" (1002)
84 remove duplicates from 83 (999)
CINAHL
KQ1 Screening Trials
# Query Results
S81 S77 AND S80 1320
S80 S78 OR S79 334,171
S79 EM 2019- 189,166
S78 EM 201808* OR EM 201809* OR EM 201810* OR | 145,005
EM 201811* OR EM 201812*
S77 S74 AND S75 (2014-2019) Limits 2,300
S76 S74 AND S75 5,340
S75 (MH "Meta Analysis") OR (MH "Control Group") 411,569
OR (MH "Single-Blind Studies") OR (MH "Double-
Blind Studies") OR (MH "Triple-Blind Studies") OR
(MH "Randomized Controlled Trials") OR (MH
"Clinical Trials") OR (MH "Random Assignment")
OR (AB clinical n1 trial*) OR (AB controlled nl
trial*) OR (TI clinical n1 trial*) OR (TI controlled nl
trial*) OR (PT Clinical trial) OR (PT randomized
controlled trial)
S74 S39 OR S73 31,555
S73 (S40 OR S41 OR S42 OR S43 OR S44 OR S45 OR 23,603

S46 OR S47 OR S48 OR S49 OR S50 OR S51 OR
S52 OR S53 OR S54 OR S55 OR S56 OR S57 OR
S58 OR S59 OR S60 OR S61 OR S62 OR S63 OR
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S64 OR S65 OR S66 OR S67 OR S68 OR S69 OR
S70 OR S71 OR S72)

S72 AB (ambulat*) AND (blood pressure* or BP or 3,931
hypertensi*)

S71 TI (ambulat*) AND (blood pressure* or BP or 1,622
hypertensi*)

S70 AB abpm 567

S69 TI abpm 27

S68 (MH "Blood Pressure Monitoring, Ambulatory") 3,023

S67 AB sphygmomanometer* 603

S66 TI sphygmomanometer* 142

S65 AB hbpm 81

S64 TI hbpm 0

S63 AB obpm 12

S62 TI obpm 0

Sé61 AB mobp 7

S60 TI mobp 2

S59 AB aobp 25

S58 TI aobp 1

S57 AB (confirm*) N3 (blood pressure* or BP or 338
hypertensi*)

S56 TI (confirm*) N3 (blood pressure* or BP or 20
hypertensi*)

S55 AB (monitor* or measur* or surveil*) N3 (blood 10,131
pressure* or BP or hypertensi*)

S54 TI (monitor* or measur* or surveil*) N3 (blood 2,444
pressure*® or BP or hypertensi*)

S53 AB (ausculta* or oscillomet* or korotkoff) N3 (blood @ 318
pressure* or BP or hypertensi*)

S52 TI (ausculta* or oscillomet* or korotkoff) N3 (blood | 143
pressure® or BP or hypertensi*)

S51 AB (manual or automated) N3 (blood pressure* or BP | 327
or hypertensi*)

S50 TI (manual or automated) N3 (blood pressure* or BP | 158
or hypertensi*)

S49 AB kiosk* N3 (blood pressure* or BP or hypertensi*) | 7

S48 TI kiosk* N3 (blood pressure® or BP or hypertensi*) | 5

S47 AB home N3 (blood pressure* or BP or hypertensi*) @ 821

S46 TI home N3 (blood pressure* or BP or hypertensi*) 602

S45 AB (office or clinic*) N3 (blood pressure* or BP or 3,712
hypertensi*)

S44 TI (office or clinic*) N3 (blood pressure* or BP or 1,008
hypertensi*)

S43 (MH "Blood Pressure Cuffs") 240

S42 (MH "Blood Pressure Devices") 708

S41 (MH "Sphygmomanometers") 539

S40 (MH "Blood Pressure Determination") 8,737

S39 S30 OR S38 11,286

S38 (S31 OR S32 OR S33 OR S34 OR S35 OR S36 OR 5,278
S37)
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S37 (MH "Prehypertension/DI") 48

S36 (MH "Hypertension, Malignant/DI") 43

S35 (MH "Hypertension, Isolated Systolic/DI") 7

S34 (MH "Hypertension, Refractory/DI") 25

S33 (MH "Masked Hypertension/DI") 45

S32 (MH "Hypertension, White Coat/DI") 57

S31 (MH "Hypertension/DI") 5,123
S30 S24 AND S29 6,567
S29 (S25 OR S26 OR S27 OR S28) 158,344
S28 AB screen* 116,458
S27 TI screen* 54,032
S26 (MH "Rescreening") 164

S25 (MH "Health Screening") 39,820
S24 (S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR 142,878

S8 OR S9 OR S10 OR S11 OR S12 OR S13 OR S14
OR S15OR S16 OR S17 OR S18 OR S19 OR S20
OR S21 OR S22 OR S23)

S23 AB "diastolic pressur*" 1,251
S22 TI "diastolic pressur*" 119
S21 AB "systolic pressur®" 1,619
S20 TI "systolic pressur*" 127
S19 AB "arterial pressur*" 6,674
S18 TI "arterial pressur*" 566
S17 AB "blood pressur*" 49,183
S16 TI "blood pressur®" 16,343
S15 AB prehypertensi* OR "pre hypertensi*" 985
S14 TI prehypertensi* OR "pre hypertensi*" 745
S13 AB hypertensi* 59,036
S12 TI hypertensi* 33,537
S11 (MH "Diastolic Pressure") 2,154
S10 (MH "Systolic Pressure") 3,242
S9 (MH "Arterial Pressure") 2,588
S8 (MH "Blood Pressure") 35,137
S7 (MH "Prehypertension") 277
Sé6 (MH "Hypertension, Malignant") 164

S§ (MH "Hypertension, Isolated Systolic") 67

S4 (MH "Hypertension, Refractory") 120
S3 (MH "Masked Hypertension") 99

S2 (MH "Hypertension, White Coat") 163

S1 (MH "Hypertension") 48,394

KQ2 and KQ3 Screening Diagnostic Accuracy

# Query Results
S113 S109 AND S112 49
S112 S110 OR S111 334,171
S111 EM 2019- 189,166
S110 EM 201808* OR EM 201809* OR EM 201810* OR | 145,005
EM 201811* OR EM 201812*

S109 S69 AND S75 AND S107 (2014-2019) Date Limits | 329
S108 S69 AND S75 AND S107 814
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S107 S76 OR S77 OR S78 OR S79 OR S80 OR S81 OR 393,737

S82 OR S83 OR S84 OR S85 OR S86 OR S87 OR

S88 OR S89 OR S90 OR S91 OR S92 OR S93 OR

S94 OR S95 OR S96 OR S97 OR S98 OR S99 OR

S100 OR S101 OR S102 OR S103 OR S104 OR

S105 OR S106
S106 TI prevalence* 39,219
S105 AB "error rate*" 1,992
S104 TI "error rate™" 172
S103 AB "miss rate*" 116
S102 TI "miss rate*" 37
S101 AB "false negative*" 3,673
S100 TI "false negative™" 312
S99 AB "false positive*" \ 6,927
S98 TI "false positive*" 937
S97 AB accuracy 54,807
S96 TI accuracy 13,448
S95 AB "predictive value" \ 17,145
S94 TI "predictive value" 1,948
S93 AB specificit* 46,490
S92 TI specificit* 2,215
S91 AB sensitivit* 88,475
S90 TI sensitivit* 11,791
S89 AB "ROC curve* 6,436
S88 TI "ROC curve* 117
S87 AB "receiver operat*" 19,418
S86 TI "receiver operat™*" 207
S85 (MH "Prevalence") 80,071
S84 (MH "Observer Bias") 8,364
S83 (MH "Reference Values") \ 20,067
S82 (MH "Reproducibility of Results") 56,528
S81 (MH "Diagnostic Errors") 10,025
S80 (MH "False Positive Results") 5,023
S79 (MH "False Negative Results") \ 2,780
S78 (MH "ROC Curve") 23,125
S77 (MH "Predictive Value of Tests") 44,521
S76 (MH "Sensitivity and Specificity") 74,503
S75 (S70 OR S71 OR S72 OR S73 OR S74) 5,897
S74 AB (ambulat*) AND (blood pressure* or BP or 3,931

hypertensi*)
S73 TI (ambulat*) AND (blood pressure* or BP or 1,622

hypertensi*)
S72 AB abpm 567
S71 TI abpm 27
S70 (MH "Blood Pressure Monitoring, Ambulatory") 3,023
S69 S39 OR S68 129,304
S68 S40 OR S41 OR S42 OR S43 OR S44 OR S45 OR 21,113

S46 OR S47 OR S48 OR S49 OR S50 OR S51 OR

S52 OR S53 OR S54 OR S55 OR S56 OR S57 OR
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S58 OR S59 OR S60 OR S61 OR S62 OR S63 OR
S64 OR S65 OR S66 OR S67

S67 AB sphygmomanometer* 603

S66 TI sphygmomanometer* 142

S65 AB hbpm 81

S64 TI hbpm 0

S63 AB obpm 12

S62 TI obpm 0

S61 AB mobp K

S60 TI mobp 2

S59 AB aobp 25

S58 TI aobp 1

S57 AB (confirm*) N3 (blood pressure* or BP or 338
hypertensi*)

S56 TI (confirm*) N3 (blood pressure* or BP or 20
hypertensi*)

S55 AB (monitor* or measur* or surveil*) N3 (blood 10,131
pressure* or BP or hypertensi*)

S54 TI (monitor* or measur* or surveil*) N3 (blood 2,444
pressure*® or BP or hypertensi*)

S53 AB (ausculta* or oscillomet* or korotkoff) N3 (blood | 318
pressure* or BP or hypertensi*)

S52 TI (ausculta* or oscillomet* or korotkoff) N3 (blood | 143
pressure*® or BP or hypertensi*)

S51 AB (manual or automated) N3 (blood pressure* or BP | 327
or hypertensi*)

S50 TI (manual or automated) N3 (blood pressure* or BP | 158
or hypertensi*)

S49 AB kiosk* N3 (blood pressure* or BP or hypertensi*) | 7

S48 TI kiosk* N3 (blood pressure* or BP or hypertensi*) 5

S47 AB home N3 (blood pressure* or BP or hypertensi*) 821

S46 TI home N3 (blood pressure* or BP or hypertensi*) 602

S45 AB (office or clinic*) N3 (blood pressure* or BP or 3,712
hypertensi*)

S44 TI (office or clinic*) N3 (blood pressure* or BP or 1,008
hypertensi*)

S43 (MH "Blood Pressure Cuffs") | 240

S42 (MH "Blood Pressure Devices") 708

S41 (MH "Sphygmomanometers") \ 539

S40 (MH "Blood Pressure Determination") 8,737

S39 S30 OR S38 11,286

S38 (S31 OR S32 OR S33 OR S34 OR S35 OR S36 OR 5,278
S37)

S37 (MH "Prehypertension/DI") 48

S36 (MH "Hypertension, Malignant/DI") 43

S35 (MH "Hypertension, Isolated Systolic/DI") K

S34 (MH "Hypertension, Refractory/DI") 25

S33 (MH "Masked Hypertension/DI") 45

S32 (MH "Hypertension, White Coat/DI") 57

S31 (MH "Hypertension/DI") 5,123
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S30 S24 AND S29 6,567
S29 (S25 OR S26 OR S27 OR S28) 158,344
S28 AB screen* 116,458
S27 TI screen* 54,032
S26 (MH "Rescreening") 164
S25 (MH "Health Screening") 39,820
S24 (ST OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR 142,878
S8 OR S9 OR S10 OR S11 OR S12 OR S13 OR S14
OR S150R S16 OR S17 OR S18 OR S19 OR S20
OR S21 OR S22 OR S23)
S23 AB "diastolic pressur*" 1,251
S22 TI "diastolic pressur*" 119
S21 AB "systolic pressur*" 1,619
S20 TI "systolic pressur*" 127
S19 AB "arterial pressur*" ‘ 6,674
S18 TI "arterial pressur*" 566
S17 AB "blood pressur*" 49,183
S16 TI "blood pressur*" 16,343
S15 AB prehypertensi* OR "pre hypertensi*" \ 985
S14 TI prehypertensi* OR "pre hypertensi*" 745
S13 AB hypertensi* 159,036
S12 TI hypertensi* 33,537
S11 (MH "Diastolic Pressure") ‘ 2,154
S10 (MH "Systolic Pressure") 3,242
S9 (MH "Arterial Pressure") 2,588
S8 (MH "Blood Pressure") 35,137
S7 (MH "Prehypertension") ‘ 277
Sé6 (MH "Hypertension, Malignant") 164
S5 (MH "Hypertension, [solated Systolic") 67
S4 (MH "Hypertension, Refractory") 120
S3 (MH "Masked Hypertension") \ 99
S2 (MH "Hypertension, White Coat") 163
S1 (MH "Hypertension") 48,394
KQ4 Screening Harms
# Query Results
S113 S109 AND S112 655
S112 S110 OR S111 334,171
S111 EM 2019- 189,166
S110 EM 201808* OR EM 201809* OR EM 201810* OR 145,005
EM 201811* OR EM 201812*
S109 S104 OR S107 (2014-2019) Date Limits 4,116
S108 S104 OR S107 9,941
S107 S105 OR S106 124
S106 AB label* N5 (hypertensi* or prehypertensi* or 87
"blood pressure*" or arterial pressure*)
S105 TI label* N5 (hypertensi* or prehypertensi* or "blood | 47
pressure*" or arterial pressure®)
S104 S74 AND S103 9,842

Screening for Hypertension in Adults 139 Kaiser Permanente Research Affiliates EPC



Appendix A. Detailed Methods

S103 S75 OR S76 OR S77 OR S78 OR S79 OR S80 OR 1,149,243
S81 OR S82 OR S83 OR S84 OR S85 OR S86 OR
S87 OR S88 OR S89 OR S90 OR S91 OR S92 OR
S93 OR S94 OR S95 OR S96 OR S97 OR S98 OR
S99 OR S100 OR S101 OR S102
$102 MW "co" 366,860
S101 MW "ae" 388,056
S100 AB complication* 141,245
S99 TI complication* 26,848
S98 AB adverse N1 (effect* or event* or outcome* or 94,680
reaction™)
S97 TI adverse N1 (effect* or event* or outcome* or 14,220
reaction*)
S96 AB harm or harms or harmful or harmed 30,895
S95 TI harm or harms or harmful or harmed 8,617
S94 AB (disability or sick) N3 day* 942
S93 TI (disability or sick) N3 day* 149
S92 AB absenteeism 2,057
S91 TI absenteeism 652
S90 AB depression or depressed or depressive 102,422
S89 TI depression or depressed or depressive 53,992
S88 AB anxiet* 57,813
S87 TI anxiet* 19,688
S86 AB psychological* N2 (distress* or effect™* or 13,224
impact*)
S85 TI psychological* N2 (distress* or effect* or 4,087
impact®)
S84 AB "self rated health" 3,413
S83 TI "self rated health" 1,331
S82 AB "quality of life" 89,814
S81 TI "quality of life" 34,317
S80 (MH "Depression") 93,775
S79 (MH "Anxiety") 36,604
S78 (MH "Sick Role") 1,255
S77 (MH "Sick Leave") 4,363
S76 (MH "Absenteeism") 4,140
S75 (MH "Quality of Life") 96,318
S74 S39 OR S73 31,555
S73 (S40 OR S41 OR S42 OR S43 OR S44 OR S45 OR 23,603
S46 OR S47 OR S48 OR S49 OR S50 OR S51 OR
S52 OR S53 OR S54 OR S55 OR S56 OR S57 OR
S58 OR S59 OR S60 OR S61 OR S62 OR S63 OR
S64 OR S65 OR S66 OR S67 OR S68 OR S69 OR
S70 OR S71 OR S72)
S72 AB (ambulat*) AND (blood pressure* or BP or 3,931
hypertensi*)
S71 TI (ambulat*) AND (blood pressure* or BP or 1,622
hypertensi*)
S70 AB abpm 567
S69 TI abpm 27
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S68 (MH "Blood Pressure Monitoring, Ambulatory") 3,023

S67 AB sphygmomanometer* 603

S66 TI sphygmomanometer* 142

S65 AB hbpm 81

S64 TI hbpm 0

S63 AB obpm 12

S62 TI obpm 0

S61 AB mobp K

S60 TI mobp 2

S59 AB aobp 25

S58 TI aobp 1

S57 AB (confirm*) N3 (blood pressure* or BP or 338
hypertensi*)

S56 TI (confirm*) N3 (blood pressure* or BP or 20
hypertensi*)

S55 AB (monitor* or measur* or surveil*) N3 (blood 10,131
pressure* or BP or hypertensi*)

S54 TI (monitor* or measur* or surveil*) N3 (blood 2,444
pressure* or BP or hypertensi*)

S53 AB (ausculta* or oscillomet* or korotkoff) N3 (blood | 318
pressure* or BP or hypertensi*)

S52 TI (ausculta* or oscillomet* or korotkoff) N3 (blood | 143
pressure* or BP or hypertensi*)

S51 AB (manual or automated) N3 (blood pressure* or BP | 327
or hypertensi*)

S50 TI (manual or automated) N3 (blood pressure* or BP | 158
or hypertensi*)

S49 AB kiosk* N3 (blood pressure* or BP or hypertensi*) = 7

S48 TI kiosk® N3 (blood pressure* or BP or hypertensi*) | 5

S47 AB home N3 (blood pressure* or BP or hypertensi*) 821

S46 TI home N3 (blood pressure* or BP or hypertensi*) 602

S45 AB (office or clinic*) N3 (blood pressure* or BP or 3,712
hypertensi*)

S44 TI (office or clinic*) N3 (blood pressure* or BP or 1,008
hypertensi*)

S43 (MH "Blood Pressure Cuffs") \ 240

S42 (MH "Blood Pressure Devices") 708

S41 (MH "Sphygmomanometers") 539

S40 (MH "Blood Pressure Determination") 8,737

S39 S30 OR S38 11,286

S38 (S31 OR S32 OR S33 OR S34 OR S35 OR S36 OR 5,278
S37)

S37 (MH "Prehypertension/DI") 48

S36 (MH "Hypertension, Malignant/DI") 43

S35 (MH "Hypertension, Isolated Systolic/DI") K

S34 (MH "Hypertension, Refractory/DI") 25

S33 (MH "Masked Hypertension/DI") 45

S32 (MH "Hypertension, White Coat/DI") 57

S31 (MH "Hypertension/DI") 5,123

S30 S24 AND S29 6,567
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S29 (S25 OR S26 OR S27 OR S28) 158,344
S28 AB screen* 116,458
S27 TI screen* 54,032
S26 (MH "Rescreening") 164
S25 (MH "Health Screening") \ 39,820
S24 (S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR 142,878

S8 OR S9 OR S10 OR S11 OR S12 OR S13 OR S14

OR S15OR S16 OR S17 OR S18 OR S19 OR S20

OR S21 OR S22 OR S23)
S23 AB "diastolic pressur*" 1,251
S22 TI "diastolic pressur*" 119
S21 AB "systolic pressur*®" \ 1,619
S20 TI "systolic pressur*" 127
S19 AB "arterial pressur*" \ 6,674
S18 TI "arterial pressur*" 566
S17 AB "blood pressur*" \ 49,183
S16 TI "blood pressur®" 16,343
S15 AB prehypertensi* OR "pre hypertensi*" - 985
S14 TI prehypertensi* OR "pre hypertensi*" 745
S13 AB hypertensi* 159,036
S12 TI hypertensi* 33,537
S11 (MH "Diastolic Pressure") 2,154
S10 (MH "Systolic Pressure") 3,242
S9 (MH "Arterial Pressure") \ 2,588
S8 (MH "Blood Pressure") 35,137
S7 (MH "Prehypertension") 277
Sé6 (MH "Hypertension, Malignant") 164
S§ (MH "Hypertension, Isolated Systolic") \ 67
S4 (MH "Hypertension, Refractory") 120
S3 (MH "Masked Hypertension") 99
S2 (MH "Hypertension, White Coat") 163
S1 (MH "Hypertension") \ 48,394

PUBMED, publisher-supplied
Search Query

#12 Search #10 AND #11
#11 Search ("2014"[Date - Publication] : "3000"[Date - Publication])
#10 Search #8 AND #9

#9 Search English [Language]

#8 Search #6 AND #7

#7 Search publisher[sb]

#6 Search #3 OR #5

#5 Search #1 AND #4

#4 Search home[tiab] OR office[tiab] OR ambulatory[tiab] OR
clinic[tiab] OR ausculta*[tiab] OR oscillometr*[tiab] OR
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Search Query
korotkoff[tiab] OR sphygmomanomet*[tiab] OR aobp[tiab] OR
mobp[tiab] OR obpm[tiab] OR hbpm([tiab] OR abpm|tiab]
#3 Search #1 AND #2

#2 Search screen*[tiab] OR monitor*[tiab] OR diagnos*[tiab] OR
measur*[tiab] OR determin*[tiab] or surveil*[tiab]

#1 Search "blood pressure"[ti] OR "blood pressures"[ti] OR "arterial
pressure”[ti] "arterial pressures”[ti] OR "systolic pressure"[ti] OR
"systolic pressures”[ti] OR hypertensi*[ti] OR prehypertens*[ti]
OR "pre hypertension"[ti] OR "pre hypertensive"[ti] OR "pre-
hypertensive"[ti]

Targeted search of previous bibliographic database for diabetes

Field Parameter(s) Results
Title, Abstract OR Keyword *Diabet 3459
* Asterisk indicates truncation of search term
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Methods for quality assessment

For studies of test accuracy, good-quality studies had a low risk of bias on all four domains for
critical appraisal which are further described below: patient selection, conduct or interpretation
of the index text, conduct or interpretation of the reference standard, and patient flow and timing.
Fair-quality studies did not meet these criteria but did not have serious threats to their internal
validity related to the design, execution, or reporting of the study. Studies rated as poor quality
had several important limitations across domains or one fatal flaw and were excluded from this

review.

Patient selection domain: Low risk of bias for patient selection was characterized by
population-based, consecutive, or random selection of participants, the avoidance of
inappropriate exclusions, and study designs that did not involve a volunteer subset from a
larger trial. We recognize that studies may exclude patients with high clinic BPs (e.g.,
SBPs of >160 mm Hg or >170 mm Hg) because of safety concerns. Although it is
unlikely that these patients would go through a confirmation step prior to treatment based
on current practice guidelines, patient selection that limits inclusion based on high blood
pressure will understate diagnostic accuracy. We established a priori that such studies
have at least a medium risk of bias for the patient selection domain. Studies involving
volunteer subsets where only those accepting ABPM from a larger study were not
considered a fatal flaw but were rated as high risk of bias in the patient selection domain
because of uncertainty around whether populations accepting versus declining ABPM
may have differed.

Conduct or interpretation of index test: Screening tests with a low risk of bias had well
described protocols that were applied universally. Ideally, studies reported that the blood
pressure measurement devices met validation criteria and were calibrated but this was not
a requirement for a low risk of bias rating. Studies with unclear or sparse reporting of
index test protocols were downgraded to medium or high risk of bias.

Conduct or interpretation of the reference standard: We established a priori that
generally, the ABPM reference test will have low risk of bias because it is automated
with a computer algorithm. However, for KQ2, we considered it a fatal flaw if the ABPM
reference standard was not independent of OBPM (e.g., an ABPM diagnostic threshold
based upon on the upper 95% confidence interval for OBPM). For KQ3 where the
comparison might be partial versus full 24-h ABPM and the index test and reference
standard are part of the same test, low risk of bias could be achieved if the partial test was
defined a priori and applied universally. This domain was down-graded to medium or
high risk of bias based on issues of no reported criteria for completeness of ABPM, or
unclear or problematic fidelity of reference standard conduct.

Patient flow and timing: Per inclusion criteria, all participants had the same reference
standard. Ideally, the screening test and reference standard were conducted on the same
day, but an interval of less than 3 months was still considered low risk of bias. An
interval of 3-6 months was considered reasonable with the biggest changes that can
happen during this period likely being new chronic medications and weight changes. If
the interval between tests was not explicitly reported, this was not considered a fatal flaw.
Studies were downgraded on this domain for unknown or problematic exclusions for
incomplete ABPM readings.
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Prescreening

Search Terms in Title, Abstract or Keyword Fields

Animal
Braz*

Chin*

India*

Iran*

Mexic*
Turk*
Adoles*
Child*
Infant*
Mice*

Rats
Neonat*
Preg*
Rheum*
Arthrit*
Cancer*
Hepati*
HIV*

Infect*
Transplant*
Dialysis
Niger*

Peru*

Russ*

South Africa*
Allele
Polymorphism

* Asterisk indicates truncation of search term
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KQ 3: Adults age =218 years with at least one
elevated blood pressure measurement (as defined by
study) identified by clinic-based screening

Category Included Excluded
Aim KQs 1, 2, 4: Screening for hypertension in a primary | Studies measuring blood pressure for reasons
care setting other than screening or confirmation of a
KQ 3: Measuring blood pressure to confirm hypertension diagnosis; mathematical
diagnosis of hypertension transformation of blood pressure results (e.g., pulse
pressure, variability) or diurnal variations (e.g.,
morning surge, dipping) for use as additional
diagnostic criteria, predicting risk, or both
Population KQs 1, 2, 4: Adults age 218 years e Pregnant women, children (age <18 years),

inpatients, persons in institutions, patients with
secondary hypertension, and highly selected
groups of patients (e.g., those with chronic
kidney disease or renal transplant) who do not
represent a primary screening population

o Patients treated for hypertension with medication

Intervention

KQs 1, 2, 4: Clinic-based, noninvasive brachial blood
pressure measurement (manual or automated) using
any common device or screening protocol during a
single encounter

KQ 3: Any clinic-based or out-of-office noninvasive
blood pressure measurement used to confirm an
initial elevated blood pressure result (i.e., manual or
automated office-based blood pressure, home blood
pressure, or kiosk blood pressure measurement)

KQ 3a: ABPM screening protocol that differs from
the comparator ABPM protocol (e.g., 12- vs. 24-hour
ABPM, daytime vs. nighttime ABPM)

Blood pressure measurement with wrist and finger
monitors, forearm cuffs, or ankle and toe measures;
any method not commonly used in routine blood
pressure screening (e.g., invasive methods,
noninvasive method of central blood pressure
measurement); Osler's maneuver

personnel trained in blood pressure measurement,
established blood pressure measurement protocols,
and ongoing documentation procedures

KQ 3: Primary care settings (see above for definition)
and out-of-office settings (e.g., home, pharmacy,

kiosks in other settings)

Comparator | KQs 1, 4: No blood pressure measurement KQs 2, 3: Within-class comparative effectiveness

KQs 2, 3: ABPM (any protocol) of devices (e.g., automated vs. automated; random

zero vs. standard sphygmomanometer) with
identical screening protocols; validation and
accuracy studies of devices compared with
standards or using specific protocols (e.g., British
Hypertension Society, Association for the
Advancement of Medical Instrumentation)
Outcomes KQ 1: KQs 1, 3: Cardiovascular symptoms (e.g.,

e Mortality (all-cause and cardiovascular) palpitations), angina pectoris (chest pain),

e Cardiovascular disease events, including: revascularization, carotid intima-media thickness,
myocardial infarction, sudden cardiac death, left ventricular hypertrophy, or patient satisfaction
stroke, heart failure, and hospitalization for KQs 2, 3: Studies that do not provide enough data
coronary heart disease to create 2x2 tables or to calculate sensitivity and

 End-stage renal disease (i.e., kidney disease specificity; studies designed to assess specific
requiring dialysis) devices vs. blood pressure measurement standards

¢ Quality of life

KQs 2, 3: Sensitivity, specificity, and positive and

negative predictive values

KQ 4: Harms of screening (e.g., labeling,

absenteeism, quality of life measures, tolerability of
ABPM devices)
Timing of No restrictions No restrictions
outcome
assessment
Setting KQs 1, 2, 4: Eligible primary care settings must have | All KQs: Inpatient/residential facilities

KQs 1, 2, 4: Settings not generalizable to primary
care
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Appendix A Table 2. Inclusion and Exclusion Criteria

Category Included Excluded
Study KQ 1: RCTs and CCTs All KQs: Before-after studies, time series, case
design KQs 2, 3: Diagnostic accuracy studies, RCTs, and series, case reports, case-control studies, and
CCTs simulation studies
KQ 4: RCTs, CCTs, and cohort studies KQ 3: Studies with a sample size <100
KQ 4: Cross-sectional studies
Country Studies conducted in countries categorized as “very | Studies conducted in countries not categorized as
high” on the 2015 Human Development Index (as “very high” on the 2015 Human Development Index
defined by the United Nations Development
Programme)
Language English Other languages than English
Study Fair or good Poor, according to design-specific USPSTF criteria
quality

Abbreviations: ABPM = ambulatory blood pressure measurement; CCT = controlled clinical trial; RCT = randomized,
controlled trial; vs = versus.
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Appendix A Table 3. Study-Design Quality Rating Criteria

Study Design )Adapted Quality Criteria

Cohort studies, adapted [Bias arising in randomization process or due to confounding
from Newcastle-Ottawa e Balance in baseline characteristics

Scale’ e No baseline confounding

e No time-varying confounding

Bias in selecting participants into the study
® No evidence of biased selection of sample
e Start of followup and start of intervention coincide

Bias due to departures form intended interventions

e Participant intervention status is clearly and explicitly defined and measured

e Classification of intervention status is unaffected by knowledge of the outcome or risk of
the outcome

Bias in classifying interventions
e Fidelity to intervention protocol
e Participants were analyzed as originally allocated

Bias from missing data

e Outcome data are reasonably complete and comparable between groups

e Confounding variables that are controlled for in analysis are reasonably complete
e Reasons for missing data are similar across groups

e Missing data are unlikely to bias results

Bias in measurement of outcomes

e Blinding of outcome assessors

e Outcomes are measured using consistent and appropriate procedures and instruments
across treatment groups

e No evidence of biased use of inferential statistics

Bias in reporting results selectively
No evidence that the measures, analyses, or subgroup analyses are selectively reported
Diagnostic accuracy Patient Selection
studies, adapted from thge Was a consecutive or random sample of patients enrolled?
Quality Assessment of |e Did the study avoid inappropriate exclusions?
Diagnostic Accuracy Index Test
Studies (QUADAS) I’ o \Were the index test results interpreted without knowledge of the reference standard
and I178 instrument results?
e If a threshold was used, was it prespecified or was a range of values presented?
Reference Standard
e Is the reference standard likely to correctly classify the target condition?
e Were the reference standard results interpreted without knowledge of the index test?
® Were staff trained in the use of the reference standard?
e Was fidelity of the reference standard monitored or reported?
Flow and Timing
e Was there an appropriate interval between the index test and reference standard?
e Did all patients receive a reference standard?
e Did all patients receive the same reference standard?
o Were all patients included in the analysis?
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Study Design )Adapted Quality Criteria

Randomized clinical trialgBias arising in the randomization process or due to confounding

adapted from U.S. e Valid random assignment/random sequence generation method used

Preventive Services Taske Allocation concealed

Force Manual™ e Balance in baseline characteristics

Bias in selecting participants into the study

e CCT only: No evidence of biased selection of sample

Bias due to departures from intended interventions

e Fidelity to the intervention protocol

e Low risk of contamination between groups

e Participants were analyzed as originally allocated

Bias from missing data

e NoO, or minimal, post-randomization exclusions

e Outcome data are reasonably complete and comparable between groups

e Reasons for missing data are similar across groups

e Missing data are unlikely to bias results

Bias in measurement of outcomes

e Blinding of outcome assessors

e Outcomes are measured using consistent and appropriate procedures and instruments
across treatment groups

e No evidence of biased use of inferential statistics

Bias in reporting results selectively

e No evidence that the measures, analyses, or subgroup analyses are selectively
reported

* Good quality studies generally meet all quality criteria. Fair quality studies do not meet all the criteria but do not have critical

limitations that could invalidate study findings. Poor quality studies have a single fatal flaw or multiple important limitations that

could invalidate study findings. Critical appraisal of studies using a priori quality criteria are conducted independently by at least

two reviewers. Disagreements in final quality assessment are resolved by consensus, and, if needed, consultation with a third

independent reviewer.
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Appendix A Table 4. Determination of Pooling Boundaries for Diagnostic Thresholds Within 0.5

Standard Deviation

Preferred Preferred Preferred
Threshold, Threshold Threshold
Modality Mean SD 0.5SD mm Hg -0.5 SD +0.5SD
OBPM SBP 128.8 | 21.6 10.8 140 129.2 150.8
OBPM DBP 786 |11.3 5.65 90 84.35 95.65
24-h ABPM SBP 122.1 | 13.6 6.8 130 123.2 136.8
24-h ABPM DBP 73.1 8.2 4.1 80 75.9 84.1
Daytime ABPM SBP 128.5 | 145 7.25 135 127.75 142.25
Daytime ABPM DBP 78.3 8.9 4.45 85 80.55 89.45

Abbreviations: ABPM = ambulatory blood pressure monitoring; DBP = diastolic blood pressure; OBPM = office-based blood

pressure measurement; SBP = systolic blood pressure; SD = standard deviation.
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Appendix B Figure 1. Literature Flow Diagram

Number of citations identified

Number of citations identified

through 2015 Review’s Included
and Excluded studies list:

through 2015 Review’s library

Number of citations identified

Number of citations identified
through literature database through other sources (e.g.,
(using keywords): searches after duplicated removed: referencelists, peer reviewers):
360 7242 14,110

S~ ”

Number of citations screened:
21,741
Number of citations excluded
P attitle and abstract stage:
21,197
Number of full-text articles assessed for
eligibility*:
544
Articles reviewed for KQ1: Articles reviewed for KQ2: Articles reviewed for KQ3: Articles reviewed for KQ4:
18 526 526 544
V‘ A 4 h 4 A4
. . Articles excluded for KQ3:
Articles excluded for KQ1: G T TGP Articles excluded for KQ4:
- Aim: 116
Aim: 2 :;"ti'nl 217 Setting: 1 Aim: 107
Setting: 0 Outcomz.y 70 Outcomes: 85 Setting: 0
Outcomes: 5 L Population: 208 Outcomes: 377
L Population: 185 . -
Population: 0 . Intervention: 2 Population: 6
N Intervention: 2 N N
Intervention: 4 ) Study design: 30 Intervention: 3
. Study design: 20 N
Study design: 3 Comparator: 20 Study design: 18
Comparator: 48 5
Comparator: 0 Quality: 7 Quality: 7 Comparator: 0
Quality: 0 X Country: 19 Quality: 0
Country: 18 .
Country: 0 publication Type: 8 Publication Type: 9 Country: 17
Publication Type: 0 U IPD-MA: 1 Publication Type: 0
IPD-MA: 6 q
Article retracted: 1
A 4 A 4 4 A 4
Studies included for KQ1: Studies included for KQ2: Studies included for KQ3: Studies included for KQ4:
1 (4 articles) 20 (34 articles) 18 (27 articles) 13 (16 articles)

* Articles may appear under more than one Key Question.
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Gosse P, Dauphinot V, Roche F, et al. Prevalence of clinical and ambulatory hypertension in a

population of 65-year-olds: the PROOF study. Journal of clinical hypertension (Greenwich,
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Appendix E Table 1. Study Characteristics of Included Studies for KQ 1

Author, Year
S} MEmE Country N Inclusion criteria Exclusion criteria )I\//I:’;ln AU (FEmee, Intervention(s)
Quality
Communities:
Population of 10-
60k based on 1996
& 2001 census, =2 5 Communities:
physicians, = 2 Townships, first CHAP intervention:
. pharmacies, nations reserves, o ’
Kaczorowski, . ; invitation to attend
g9 registered persons | dissolved and :
2011 database to census | amalgamated CV sk assessment
CHAP Canada 140,642 ; : 9a 1 (NR) and edu sessions
population ratio < townships and over 10 wks
G 10%, no recent counties; initially
ood . .
geopolitical test-piloted CHAP No intervention
amalgamation into a
major center. Participants: NR
Participants: Aged =
65 years

Abbreviations: CHAP = Cardiovascular Health Awareness Program; CV = cardiovascular; FU = followup; k = thousand; NR = not reported; wks = weeks
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Appendix E Table 2. Baseline Population Characteristics of Included Studies for KQ 1

Author, Year Mean age % Mean
Study name N (range, % Female % Non-white OsAjmokers I':Age/i?zBMl’ % DM ZOVD U ngle?/eDBP
Quality i) % Tx (mmHg)
Kaczorowski,
201189 0
CHAP 140,642 74.8 (265) 57.2 NR NR NR (NR) 21.7 12.3 NR

NR
Good

Abbreviations: BMI = body mass index; CHAP = Cardiovascular Health Awareness Program; CVD = cardiovascular disease; DBP = diastolic blood pressure; DM = diabetes
mellitus; HTN = hypertension; kg = kilogram(s); m = meter; mm Hg = millimeters of mercury; NR = not reported; SBP = systolic blood pressure; Tx = treated

Screening for Hypertension in Adults 187 Kaiser Permanente Research Affiliates EPC



Appendix E Table 3. Inclusion and Exclusion Criteria of Included Studies for KQ 2, by Author

Author, Year
Study name

Quality

Inclusion criteria

Exclusion criteria

Treatment Inclusion
in the Study

Abdalla, 2016°°
The Improving the Detection of HTN
study

Fair

NR

Screening clinic blood pressure 2160
mm Hg systolic or 2105 mm Hg
diastolic; evidence of secondary
hypertension; taking antihypertensive
medications or other medications that
are known to affect BP (i.e., steroids,
tricyclic antidepressants, etc); history
of overt CVD, chronic kidney disease,
liver disease, adrenal disease, thyroid
disease, rheumatologic disease,
hematologic disease, organ
transplantation, cancer, dementia, or
were pregnant.

Study conducted in 100% untreated
participants

Fagard, 2005

Adults 60 years or older attending a
primary care practice in Flanders,

Patients who were bedridden,
demented, admitted in a home for

Study includes treated and untreated
participants; baseline data stratified

the four ethnic groups: White British,

White Irish, South Asian, and African-
Caribbean. Participants need to have
had at least one BP recorded in their

electronic medical records within the

last 5 years.

Fair Belgium sick elderly people or had suffered a and reflects 100% untreated
Ml or a stroke
Gill, 201782 Individuals with and without Unable to consent to participation, Study conducted in 100% untreated
BP-Eth diagnosed HTN recruited from belong to a different ethnic group, participants
primary care who are between 40 individuals whose general practitioner
Fair and 74 years and belong to one of feels they are unable to take part

Gosse, 201092
PROOF

Fair

Aged 65 yrs old in 2001 (according to
electoral rolls of Saint-Etienne; born
between January 1, 1934 and
September 30, 1936)

Prior myocardial infarction, prior
stroke, heart failure, atrial fibrillation,
insulin-treated diabetes mellitus,
cardiac pacemaker, disease limiting
life expectancy to <5 years,
contraindication to brain magnetic
resonance imaging, living in an
institution, and intention to move
during the next 2 years.

Study includes treated and untreated
participants; baseline data stratified
and reflects 100% untreated

Gourlay, 19939

Fair

Agreement to wear ABPM recorder

Vasovagal syncope, inability to
achieve agreement between
observers and ABPM recorders
during calibration, treatment for
hypertension

Study conducted in 100% untreated
participants
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Author, Year
Study name

Quality

Inclusion criteria

Exclusion criteria

Treatment Inclusion
in the Study

Hanninen, 20108!

Fair

Age 35-64 and residing in Turku,
Finland and 3 neighboring
municipalities

Coronary artery disease,
cerebrovascular disease, insulin-
treated diabetes mellitus,
hemodynamically significant valvular
disease and pregnancy

Study includes treated and untreated
participants; baseline data not
stratified and reflects combination of
untreated and treated

Hansen, 2006%
MONICA

Fair

Participants of previous MONICA
health survey who agreed to be
reexamined 9-10 years later

Technical problems or unwillingness
to participate in ABPM, too few ABPM
readings according to
recommendations, working at night,
prior diagnosis of myocardial
infarction or stroke, or taking digoxin
or nitrates

Study includes treated and untreated
participants; baseline data not
stratified and reflects combination of
untreated and treated

Ishikawa, 20109

Fair

Resident of Kinugawa and at least 20
years old

Use of antihypertensive medicaiton.
Subjects with renal failure (serum
creatinine level 2176 ymol/l) or
hepatic damage (aspartate
aminotransferase or alanine
aminotransferase >40 [U/l), or with a
past history of coronary artery
disease, stroke, congestive heart
failure, or atrial fibrillation.

Study conducted in 100% untreated
participants

Kanno, 20109%
Ohasama Study

Fair

Resident of Ohasama and aged 40
years or older

Residents who worked out of town,
were hospitalized, demented or
bedridden; data unavailable on serum
creatinine levels and urine tests
(Kanno)

Study includes treated and untreated
participants; baseline data not
stratified and reflects combination of
untreated and treated

Larkin, 199880

Fair

NR

Patients diagnosed with serious
medical disorders (other than
hypertension) and psychiatric
disorders, and any persons taking
antihypertensive medications or any
psychoactive drugs that affected
blood pressure.

Study conducted in 100% untreated
participants

Lyamina, 2012°%

Fair

Young subjects without
cardiovascular disease, diabetes, or
other chronic disease, including end
organ damage due to hypertension;
attending annual exam at outpatient
cardiology clinic

Highly fit athletes (i.e., members of
sports teams and body builders)

Study conducted in 100% untreated
participants

Mancia, 2006 Residents of the town of Monza, Italy | NR Study includes treated and untreated
PAMELA ages 25-74 years participants; baseline data not
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Author, Year

Treatment Inclusion

Study name Inclusion criteria Exclusion criteria in the Study
Quality

stratified and reflects combination of
Good untreated and treated

O'Flynn, 2016%°
Mitchelstown cohort

Fair

Patients registered with the clinic and
in the 50 to 69 yr old age bracket

NR

Study includes treated and untreated
participants; baseline data not
stratified and reflects combination of
untreated and treated

Poudel, 2019100
CARDIA

Fair

African American and White men and
women aged 18-30 years (at
baseline) from Birmingham and
Chicago CARDIA sites who
underwent ABPM following the Year
30 exam

Incomplete ABPM recording,
unknown treatment use, missing
echocardiography data

Study includes treated and untreated
participants; baseline data stratified
and reflects 100% untreated

Scuteri, 2016101
SardiNIA

Fair

All residents aged 14 years and older
(at baseline) in 4 towns of the
Sardinia Region of Italy

NR

Study conducted in 100% untreated
participants

Selenta, 2000102

Fair

NR

Use of cardioactive medications

Study conducted in 100% untreated
participants

Shimbo, 2012103
Masked Hypertension Study

Fair

Adults 218 years

Taking HTN or other medications that
are known to affect BP; history of
CVD or major arrhythmias including
afib; evidence of secondary HTN
other than a history of pregnancy-
induced HTN, chronic renal failure,
liver disease, adrenal disease, or
thyroid disease; screening clinic SBP
>160 or DBP >105; pregnant; working
<20h per week; non-English
speaking; active substance abuse or
severe debilitating psychiatric
disorder; were not interested; not
available; dropped out before starting
the study; pending study visits or
dropped otu during the study

Study conducted in 100% untreated
participants

Thomas, 2017104
Jackson Heart Study

Fair

African American adults 20 to 95
years of age living in the Jackson,
Mississippi metro area

Participants without a complete
ABPM recording, clinic
measurements, and information on
self-reported anti-htn medication use
were excluded from this analysis

Study includes treated and untreated
participants; baseline data stratified
and reflects 100% untreated
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Appendix E Table 3. Inclusion and Exclusion Criteria of Included Studies for KQ 2, by Author

Author, Year

Treatment Inclusion

photographs were of too low quality
to be reliably graded, if retinal
microvascular diameters were >3
SDs lower than the population mean.

Study name Inclusion criteria Exclusion criteria in the Study
Quality
Wei, 2016195 Teen-aged and older household Conventional and ambulatory Study includes treated and untreated
FLEMENGHO members with a records of ABPM measurements taking >7 days participants; baseline data not

and retinal photography interval, daytime ABPM was the stratified and reflects combination of
Fair mean of <10 readings, if retinal untreated and treated

Wojciechowska, 2016106

Fair

Adults ages 18 years and older,
residing in a geographically defined
area close to Krakow, Poland

NR

Study includes treated and untreated
participants; baseline data stratified
and reflects 100% untreated

Abbreviations: ABPM = ambulatory blood pressure monitoring; CARDIA = the Coronary Artery Risk Development in Young Adults study; DBP = diastolic blood pressure;
FLEMENGHO = the Flemish Study on Environment, Genes and Health Outcomes; HTN = hypertension; NR = not reported; MONICA = MONItoring of trends and determinants
in Cardiovascular Disease study; OBPM = office-based BP measurement; PAMELA = Pressioni Arteriose Monitorate ¢ Loro Associazioni study; PROOF = The Prognostic
Indicator of Cardiovascular and Cerebrovascular Events study; SBP = systolic blood pressure; yr(s) = year(s)
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Appendix E Table 4. Protocol Variations and Conclusions of Included Studies for KQ2a, by Author

Author, Year Protocol variation of interest Conclusions
Trial name
Quality
Gill, 201782 3 variations of an OBPM index test: the first reading on | The first reading from the first visit
BP-Eth the first visit (1 measurement), the mean of second and | showed the highest sensitivity and lowest
third readings from 3 visits (6 measurements), and the specificity of all three protocols
Fair mean of second and sixth readings from 3 visits (6
measurements)
Lyamina, Addition of a breath-hold to BP measurement protocol Results suggest that breath-holding may
2012°7 improve accuracy
Fair
Selenta, Avg of 5 OBPMs from a single visit vs avg of 2 OBPMs | Accuracy was nearly identical for
2000102 from a single visit diagnoses based on 2 OBPMs and those
based on 5 OBPMs
Fair
Shimbo, 2012%3 | Mean of 3 readings from a single visit vs mean of 9 Accuracy results were similar with
Masked readings from 3 visits overlapping confidence intervals
Hypertension
Study
Fair

Abbreviations: OBPM = office-based BP measurement
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Appendix E Table 5. Inclusion and Exclusion Criteria of Included Studies for KQ 3, by Author

Author, Year
Study name

Quality

Inclusion criteria

Exclusion criteria

Treatment Inclusion
in the Study

Bayo, 20061%?

Patients aged from 18 to 80 years with mild—-moderate

Study conducted in 100% untreated

hypertension (not defined); without previous NR e
. . ) participants
Fair antihypertensive treatment
de la Sierra, Complete registry records (demographics, clinical data,
20177 office BP and ABPM monitoring of enough quality). Valid
Spanish ABPM ABPMs had to fulfill a series of preestablished criteria: NR Study conducted in 100% untreated
Registry 280% of SBPs and DBPs successfully recorded during participants
the day and night periods, 24-h duration, and =1 BP
Fair measurement per hour

Ernst, 2011124

Fair

All ABPM sessions processed by the clinic in a defined
time period as part of routine clinical practice for one of
four indications ((1) borderline hypertension (not currently
treated but with a series of variable office blood pressures
in both the normal and elevated range), (2) evaluation of
BP control on therapy, (3) suspected WCH, or (4)
treatment resistance)

Duplicate sessions from individual
patients, ABPM sessions referred to
the clinic for indications other than
those identified

Study includes treated and untreated
participants; baseline data not
stratified and reflects combination of
untreated and treated

Fogari, 1996126

Fair

Newly diagnosed new-treated essential hypertension
(DBP>90 mm Hg), male, aged 31-60

Patients with diabetes, autonomic
neuropathy or cerebrovascular
disease that might affect the
circadian BP pattern, vascular or
ischemic heart disease, heart or
renal failure, and secondary causes
of hypertension

Study conducted in 100% untreated
participants

Gerc, 200017

Patients with an elevated office BP referred to
hypertension clinic for confirmation of hypertension
diagnosis, available nurse and ABPM blood pressure

Difference between auscultatory and
automatic readings repeatedly
greater than 5 mmHg; fewer than 10

Study includes treated and untreated
participants; baseline data not
stratified and reflects combination of

diagnosis in included patients.

Fair values ABPM measures untreated and treated
>
Hoegholm, Essential hypertension (I_DBI_D 90 mm Hg, mean of at Below 16 or above 80 years of age,
128 least 3 measurements with intervals of at least 1 week), . . o .
1992 . received anti-htn treatment within the | Study conducted in 100% untreated
planned (but not yet began) anti-htn treatment. BP was . - e
. ; ' previous month, or not willing/able to | participants
. under observation for a median of 4 months prior to o
Fair undergo 24-h monitoring

Husain, 2017130

Fair

Recent office BP measurements of 120-149 mm Hg
systolic and/or as 80-95 mm Hg diastolic with neither
greater than 149/95 mm Hg. At least 30 years of age,
have a dedicated primary care physician, and currently be
on no antihypertensive medication

Participants with SBP <110 mm Hg
or >159 mm Hg or with DBP <71 mm
Hg or >99 mm Hg on their initial visit;
potential participant with dementia,
pregnancy, persistent atrial fibrillation
or other arrhythmia, or a condition
prohibiting placement of an
ambulatory BP monitor.

Study conducted in 100% untreated
participants
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Appendix E Table 5. Inclusion and Exclusion Criteria of Included Studies for KQ 3, by Author

Author, Year

Treatment Inclusion

Fair

evidence of secondary causes of hypertension; and (iv)
they had no history of coronary artery disease or heart
failure.

Study name Inclusion criteria Exclusion criteria in the Study
Quality
i 131 i
Kim, 2018 Ambulatory patients who underwent OBP and ABP Study |ncluq%s trelgteddand untrigtgd
. measurements during 2013 NR participants; baseline data stratifie
Fair ) and reflects 100% untreated
(i) they had never been treated earlier with
antihypertensive medication; (ii) they were taking no
Kotsis, 2008132 medication with the potential to raise BP (prednisone or . 0
NSAIDs); (iii) they showed no clinical signs or laboratory NR Study conducted in 100% untreated

participants

Manios, 2008133

Patients referred to HTN clinic from primary care for
conventional clinical indications*. (i) No previous
antihypertensive treatment; (ii) absence of hypertension-
related complications (coronary artery disease, heart
failure, cerebrovascular disease, renal insufficiency or

Individuals with BP differences

between the arms of >20 mmHg SBP
and >10 mmHg DBP; individuals who
stated they had not rested during the

Study conducted in 100% untreated
participants

Fair peripheral artery disease); (iii) no clinical or laboratory RN .
. . S night; individuals with excess
evidence of secondary causes of arterial hypertension; hysical activity (not further defined)
(iv) at least three valid BP measurements per hour over phy y
24-h ABPM (75% successful measurements)
Severe renal, cardiac or other
systemic diseases, sustained
arrhythmia and evidence of
Nasothimiou, secondary hypertension. Inadequate .
2012134 Consecutive adults referred for elevated BP, untreated or | HBP and/or ABP readings, multiple Stut(_jy_ 'nd;]qebs trelgted da?d Limﬁ.atgd
on stable antihypertensive treatment for 24 weeks evaluations, treatment changes gﬁ;'fg?laegé’ 1(?;; Iaﬁtr:a?ez ratine
Good during the study, acute disease

during the study, provided fewer than
8 valid HBP readings, or "other
reasons"

Nunan, 2015135

Fair

Aged 40-85 years; SBP between 130-179 mm Hg; not
previously diagnosed with or treated for hypertension,
atrial fib, autonomic failure or dementia; willing to monitor
their own BP and perform 24h ABPM

Patients were excluded if their family
physician decided they needed HTN
treatment during the study timeframe
(i.e., within 30 days) or if they had
started self-monitoring readings after
day 1, had insufficient self-monitoring
readings, inadequate ABPM readings
or technical failures

Study conducted in 100% untreated
participants

Park, 2017136

Fair

Elevated office blood pressure (=140/90mm Hg)

Secondary hypertension,
hypertensive emergency or urgency;
heart failure (NYHA IlI-1V); clinically
significant cardiac arrhythmia;
impaired renal function; pregnancy;

Study conducted in 100% untreated
participants
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Appendix E Table 5. Inclusion and Exclusion Criteria of Included Studies for KQ 3, by Author

Author, Year
Study name

Quality

Inclusion criteria

Exclusion criteria

Treatment Inclusion
in the Study

participating in night labor or shift
work; history of abusing drugs or
alcohol within 6 mo; current
participation in other clinical studies;
taking other clinical trials drugs within
the past month; taking drugs known
to affect BP, such as steroids,
monoamine oxidase inhibitors, oral
contraceptives or sympathomimetics.

Salazar, 2018139

Patients consecutively referred to the Cardiometabolic
Diseases Unit; complete ABPM data (70% or greater
successful measurements and at least one record per

Women with suspected hypertensive
disorders of pregnhancy

Study includes treated and untreated
participants; baseline data not
stratified and reflects combination of

Fair hour) untreated and treated
i 73
EglrnAé?DB Incomplete data, lack of informed Study includes treated and untreated
Undergone ABPM for evaluation of high BP P ' participants; baseline data stratified
consent
Eair and reflects 100% untreated

Tocci, 2018142

Fair

(1) more than 18 years-old, (2) absence of stable (more
than 3 months) pharmacological treatment with any
antihypertensive drug

(1) previous or current
antihypertensive treatment; (2)
secondary hypertension or true
resistant hypertension; (3) recent (<
6 months) history of acute CV
diseases (including at least one of
the following: coronary artery
disease, stroke, congestive heart
failure, severe valve disease, or
peripheral artery disease); and (4)
any neurological or psychiatric
disease that may at least in part
affect the BP assessment or the
signature of the informed consent.

Study conducted in 100% untreated
participants

Ungar, 200443

Consecutive patients referred to outpatient HTN clinic for

Study includes treated and untreated

clinical evaluation of HTN between December 1995 and NR participants; baseline data stratified
Good December 1999 (not further specified) and reflects 100% untreated
Zabludowski, Referred for ABPM because of untreated borderline
1992145 hypertension (i.e., those whose blood pressure would NR Study conducted in 100% untreated
occasionally but not consistently rise in the mild range participants
Fair [DBP>90])

* These included suspected white-coat hypertension, suspected nocturnal hypertension, evaluation of hypotension, or symptoms suggesting possible abnormal BP variations such
as headache, tinnitus, dizziness, fainting, and epistaxis
Abbreviations: BP = blood pressure; ABPM = ambulatory blood pressure monitoring; DBP = diastolic blood pressure; hr = hour; HTN = hypertension; mm HG = millimeter of
mercury; mo = months; NR = not reported; OBPM = office-based BP measurement; SBP = systolic blood pressure; WCH = white coat hypertension
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Appendix E Table 6. Protocol Variations and Conclusions of Included Studies for KQ 3a, by Category

Category Author, Year | Protocol variation of interest Conclusions
Trial name
Quality
Repeat OBPM Repeat OBPM at several visits; OBPMs Results suggested that there are
Fogari, were taken at office visits occurring fewer screen positives over time with
1996126 every 2 weeks for a total of 5 visits repeated visits (reduced white coat
hypertension)
Repeat sets of OBPM and ABPM Accuracy results were nearly identical
Husain, in the first and second comparisons,
2017130 and short-term reproducibility was
characterized as fair
HBPM Avg of measures from various days; Accuracy results for various protocols
averaging measures taken in the were similar
Nunan, morning and evening on days 1-7 (28
2015135 measures), days 2-7 (24 measures),
days 1-5 (20 measures), and days 2-5
(16 measures)
Number of days measured and which Accuracy results were similar for
Park, 2017136 | measures; out of three taken each in the | HBPM protocols taken over various
138 morning and evening, to include in the number of days; similar accuracy was
averaged value found for each averaging method
Self-OBPM Using avg of 3 compared to 5 measures | Reported that the use of five
Salazar in one sitting measures in_stead of three di_d not
2019139’ significantly improve correlations or
AUCSs of self-OBPM compared with
the ABPM reference standard

Abbreviations: ABPM = ambulatory blood pressure measurement; AUC = area under the curve; HBPM = home blood pressure measurement; OBPM = office-based blood
pressure measurement
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Appendix E Table 7. Quality of Life/Psychiatric Distress Results of Included Studies for KQ 4, by Author

FU Mean (SE or .
Auth_or, Year Outcome FU (mo) Group N BL Mean (SIE) Number (%), p- Difference
Quality or Number (%) value vs. BL btwn groups
Angry, AML (score) | 0.5 Hypertensives 331 4.6 (NR) 3.91 (NR), p<0.05 NA
Anxious, AML .
(score) 0.5 Hypertensives 331 7.5 (NR) 6.91 (NR), NS NA
gcrg?;)”t' AML 0.5 Hypertensives | 331 2.8 (NR) 2.8t (NR), NS NA
(Dsigrr‘éfs"’e’ AML o5 Hypertensives | 331 4.6 (NR) 4.0f (NR), p<0.05 | NA
'é'?;fg) AML 0.5 Hypertensives | 331 12.8 (NR) 12.2% (NR), NS NA
Ameling, ;
10971145 '(Q(ng:‘;;e”t' AML 1 o5 Hypertensives | 331 5.9 (NR) 521 (NR), p<0.05 | NA
Fair ('\ggg% AML 0.5 Hypertensives | 331 5.2 (NR) 4.8t (NR), NS NA
gg)srga' symptoms | g Hypertensives | 331 15.1 (NR) 14.4% (NR), p<0.05 | NA
Sexual function 0.5 Hypertensives | 331 3.5 (NR) 3.41 (NR), NS NA
(score)
Shy, AML (score) 0.5 Hypertensives 331 4.6 (NR) 4.0% (NR), p<0.05 NA
(Ss'gg&)dysmr‘c“o” 0.5 Hypertensives | 331 3.5 (NR) 3.1% (NR), p<0.05 | NA
Tired, AML (score) | 0.5 Hypertensives 331 5.9 (NR) 5.3 (NR), p<0.05 NA
Normal controls | 215 NR (NR) 21 (9.8%)
GHQ, deteriorated 0.25 Recalled 204 NR (NR) 17 (8.3%) NSD
(N) controls
Trial participants | 235 NR (NR) 26 (11.1%)
Normal controls | 215 NR (NR) 16 (7.4%)
ar tarmus | GHQ mproved (N) | 0.25 f;ﬁ";‘c')'fsd 204 NR (NR) 18 (8.8%) NSD
ann,
Trial participants | 235 NR (NR) 10 (4.3%)
Fair Normal controls | 215 175 (81.4%) 180 (83.7%)
GHQ, negative 0.25 Recalled 204 169 (82.8%) 168 (82.4%) NR
response (N) controls
Trial participants | 235 191 (81.3%) 207 (88.1%)
. Normal controls | 215 40 (18.6%) 35 (16.3%)
GHQ, positive 0.25 Recalled NR
response (N) controls 204 35 (17.2%) 36 (17.6%)
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Appendix E Table 7. Quality of Life/Psychiatric Distress Results of Included Studies for KQ 4, by Author

FU Mean (SE or .
gﬂt;nc:r' Year Outcome FU (mo) Group N E}N“fjﬁge(rs(ﬁ/)) Number (%), p- Etl\t\f/?wre?gs s
y i value vs. BL group
Trial participants | 235 44 (18.7%) 28 (11.9%)
-0.2 (95% CI, -2.9 to
* ]
Mental health, SF- . Labelled 47 46.9 (6.1) 2 5)t o056
3 - =0.
Spruill, 2013155 | 12 Unlabelled 50 46.3 (9.2)* f_)'i)(%/" Cl,-0910
-1.7 (95% ClI, -2.8 to
* 1
Good Physical health, . Labelled a7 50.5 (3.6) 06)t 00,23
- - 0, R -
SF-12 Unlabelled 50 47.8 (6.9)* 10'2("; T(QS/O Cl,-2410
HADS depression
status (N with 18 Participants 139 22 (15.8%) 14 (10.3%)I NR
Tompson, score >7)
2019162 HADS anxiety
status (N with 18 Participants 138 48 (34.8%) 37 (27.0)1 NR
score >7)
_ Labelled 38 NR (NR) 0 (0%)
Deteriorated (N) 3
Unlabelled 32 NR (NR) 1 (3.1%)
Labelled 38 NR (NR) 16 (42.1%) Overall change
Improved (N) 3 in health,
Unlabelled 32 NR (NR) 13 (40.6%) p=0.78
Labelled 38 NR (NR) 22 (57.9%)
No change (N) 3
Unlabelled 32 NR (NR) 18 (56.3%)
SF-36 (one Labelled 38 NR (NR) 10 (26.3%)
question), excellent | 3
Viera, 201057 health (N) Unlabelled 32 NR (NR) 4 (12.5%)
. SF-36 (one Labelled 38 NR (NR) 14 (36.8%)
Fair guestion), very 3
good health (N) Unlabelled 32 NR (NR) 14 (43.8%)
SF-36 (one Labelled 38 NR (NR) 11 (29.0%) Overall self-
question), good 3 reported health,
health (N) Unlabelled 32 NR (NR) 11 (34.4%) p=0.30
SF-36 (one Labelled 38 NR (NR) 3 (7.9%)
question), fair 3
health (N) Unlabelled 32 NR (NR) 3 (9.4%)
SF-36 (one Labelled 38 NR (NR) 0 (0%)
question), poor 3
health (N) Unlabelled 32 NR (NR) 0 (0%)
*SD
TMean difference
Screening for Hypertension in Adults 198 Kaiser Permanente Research Affiliates EPC




Appendix E Table 7. Quality of Life/Psychiatric Distress Results of Included Studies for KQ 4, by Author

iDecrease in value signifies an improvement.

§28 days

ITotal n at followup was 136. Nine individuals classified as depressed at baseline improved, one person became depressed at followup.
fTotal n at followup was 137. Fifteen individuals classified as anxious at baseline improved, five individuals became anxious at followup.

Abbreviations: AML = Amsterdam Mood List; BL = baseline; btwn = between; CI = confidence interval; FU = followup; GHQ = General Health Questionnaire; NA = not
applicable; NR = not reported; NS = not significant; NSD = no significant different; SE = standard error; SF = Short Form; vs = versus
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Appendix E Table 8. Absenteeism Results of Included Studies for KQ 4, by Author

Author, Year

BL Mean (SE) or

FU Mean (SE) or

Difference btw

(days/year)

. Outcome FU (mo) Group N % Number (%), p-
Quality Number (%) value vs BL groups
Absenteeism due Aware 70 5.4 (1.4) 6.1 (1.9), NS
to iliness 12 p<0.05
(days/year) Unaware 138 2.7 (0.61) 8.4 (1.6), p<0.01
Duration of Aware 70 1.9 (0.38) 2.7 (0.68), NS
'('('j”a’i/ss‘;‘ episodes | 12 Unaware 138 1.1(0.17) 4.0 (1.0), p<0.05 | P<0-05
Number of iliness Aware 70 1.6 (1.9) 1.6 (1.9), NS
episodes 12 1.6 (0.18), NSD
Unaware 138 1.2(0.14
Havnes. 1978149, (number/year) ( ) p<0.05
152y ' Total Aware 70 7.0 (1.4) 11.1 (3.7), NS
absenteeism 12 12.3 (2.7), NSD
i (days/year) Unaware 138 6.6 (1.6) 0<0.05
Total Aware 69 6.18 (1.606) 6.06 (1.430)
absenteeism 24 9.15 (2.524), NR
(days/year) Unaware 141 3.49 (0.711) 0<0.01
Total Aware 66 6.18 (1.606) 10.89 (3.063)
absenteeism 36 12.14 (2.447), NR
(dayslyear) Unaware 137 3.49 (0.711) 0<0.01
Total Aware 66 6.18 (1.606) 7.84 (2.515)
absenteeism 48 9.07 (2.486), NR
(days/year) Unaware 136 3.49 (0.711) p<0.01
Number of illness Aware 197 2.9(0.2) 0.3 (0.2)*, NS
151 episodes 12 NSD
Rudd, 1987 (number/year) Unaware 97 2.7 (0.3) 0.1 (0.4)*, NS
Eair Absenteeism due Aware 197 6.2 (0.7) 0.1 (0.1)*, NS
o illness 12 Unaware 97 3.8, (0.5) 0.2 (0.2)*, NS NSD

*Corrected change scores

Abbreviations: BL = baseline; FU = followup; GHQ = General Health Questionnaire; NA = not applicable; NR = not reported; NS = not significant; NSD = no significant
different; SE = standard error
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Appendix E Table 9. Tolerability/Sleep Results of Included Studies for KQ 4, by Author

FU Mean (SE) or .
gﬂt::nc:r' VG Outcome Group N Eltnllﬂt?:rn(g/s)E) or Number (%), p- Drlz)fﬁrince L
y 5 value vs BL group
Sleep disturbance | gy 24 NA 7 (29%) NA
Kuwajima, 1998161 from dewcg (N)
Hyperreaction on ABPM 24 NA 0 (0%) NA
Eair the skin (N)
Pain of the upper ABPM 24 NA 35 NA
arm* '
Manning, 2000%¢ Poor sleep qualit
s pauality | Appm 79 NA 29 (37%) NA
Fair
Daily restriction, ABPM 104 NR (NR) 31 (30)
moderate to severe NR
(N) HBPM 104 NR (NR) 7(7)
Dai(ljy restriction, ABPM 104 NR (NR) 1.6 (1.5) 0.001
- moderate to <0.
Nasothimiou, 2013160 severet HBPM 104 NR (NR) 0.6 (1.0) P
Fair Discomfort, ABPM 104 NR (NR) 57 (55)
moderate to severe NR
(N) HBPM 104 NR (NR) 14 (13)
Discomfort, ABPM 104 NR (NR) 2.7 (1.3)
moderate to p<0.001
severet HBPM 104 NR (NR) 1.5(0.8)
Sfle_ep effi?iency (% | Men 69 77 (10)% ABPM-3: 80 (12) NR
163 of time asleep
Sherwood, 2019 during sleep period) | Women 52 79 (9)% ABPM-3: 81 (11) NR
Fair Total sleep time Men 69 5.4 (1.4)% ABPM-3:5.8(1.3) | NR
(hours) Women 52 5.6 (1.1)f ABPM-3:6.2(1.2) | NR
162
Tompson, 2019 N ABPM 183 NA (NA) 3.2(2.7,3.7)I -0.6 (-1.2, -0.1)
Acceptability score§
Fair HBPM 183 NA (NA 2.4(1.9,3.1)l p<0.01
Sleep duration < 2 0
hours < usual (N) ABPM 2924 NA 807 (27.6%) NA
. Sleep duration 2-4
156 0,
Verdecchia, 2007 hours < usual (N) ABPM 2924 NA 281 (9.6%) NA
Fair Sleep duration >4 | gp\, 2924 NA 117 (4.0%) NA
hours < usual (N)
Sleep duration as ABPM 2924 NA 1711 (58.5%) NA
usual (N)
f 158 i
Viera, 2011 Disturbed ABPM 60 5 (8.8%) 5 (8.8%), p=1.0 NA
significantly to
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Appendix E Table 9. Tolerability/Sleep Results of Included Studies for KQ 4, by Author

FU Mean (SE) or .
gﬂg}ﬁr’ VEET Outcome Group N Eltnllﬂt?:rn(g/s)E) or Number (%), p- Drlz)fﬁrince L
y i value vs BL group
Fair remove it during
night (N)
Interfered with
normal sleep ABPM 60 4.2 (3.3)* 4.3 (3.5)*, p=0.84 NA
pattern (score)
Stopped from 0 of e
falling asleep (N) ABPM 60 12 (19.6%) 10 (16.1%), p=0.48 | NA
Woke up after 0 o _
falling asleep (N) ABPM 60 42 (70.2%) 39 (64.9%), p=0.41 | NA
Disturbed
significantly to ABPM 60 3 (5.1%) 5(8.5%), p=0.32 | NA
remove it during
day (N)
Bruising (N) ABPM 60 4 (6.8%) 12 (20.3%), p=0.02 | NA
Pain (N) ABPM 60 20 (33.9%) 21 (35.6%), p=0.76 | NA
Skin irritation (N) ABPM 60 23 (39.0%) 27 (45.8%), p=0.35 | NA
Found monitor
embarrassing ABPM 60 1.7 (2.8)* 2.2 (3.0)*, p=0.04 NA
(score)

*Points on Likert scale; extreme to painless: 1to 5

1 Likert scale 0 or 1-5 with higher levels indicating worse performance

IMean (Standard deviation)

§Mean of thirteen individual items, with scoring reversed for the positive items (11: accurate, 12: control, 13: good use of time). Lower scores indicate better acceptability
IMedian score (IQR)

Abbreviations: ABPM = ambulatory blood pressure monitoring; AML = Amsterdam Mood List; BL = baseline; CI = confidence interval; FU = followup; HBPM = home blood
pressure monitoring; NA = not applicable; NR = not reported; NS = not significant; NSD = no significant different; SE = standard error
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Appendix F Figure 1. KQ 2 Exploratory Analysis: Test Accuracy of OBPM at a Threshold of
2140/90 mm Hg to Identify Hypertension Detected by 24-Hour ABPM, by Author

%

Author, Total % Pos

Year n HTN Scrn Sensitivity (95% Cl) Specificity (95% CI)
Hansen, 2006 1385 46.7 31.6 - 0.56 (0.52, 0.60) 0 0.90 (0.87, 0.92)
Ishikawa, 2010 129 341 326 —0— 0.70 (0.56, 0.82) -+ 0.87 (0.78, 0.93)
Kanno, 2010 775 13.9 19.4 — 0.48 (0.39, 0.57) '0 0.85 (0.82, 0.88)
Mancia, 2006 2024 33 42 . 0.74 (0.71, 0.77) . 0.74 (0.71, 0.76)
O'Flynn, 2016 577 21 37.6 : 0.77 (0.69, 0.83) - 0.73 (0.69, 0.77)

Scuteri, 2016 2955 272 346 + 0.92(0.90, 0.94)

0.72 (0.58, 0.84)

+ 0.87(0.86, 0.88)

Overall 0.83 (0.78, 0.88)

-

o o>

o
N
~ -
o
'm_
-
o
N
NN
o

NOTE: |2 for sensitivity=98.2%, 12 for specificity=96.9%
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Appendix F Figure 2. KQ 3 Exploratory Analysis: Test Accuracy of Confirmatory OBPM at a
Threshold of 2140/90 mm Hg to Identify Hypertension Detected by 24-Hour ABPM, by Author

%

Author, Total % Pos

Year n HTN Scrn Sensitivity (95% CI) Specificity (95% CI)
de la Sierra, 2017 45020 57.2 75.2 * 0.85 (0.85, 0.86) . 0.38 (0.38, 0.39)
Husain, 2017 404 75 30 - 0.35 (0.30, 0.41) — 0.85(0.77,0.91)

Kotsis, 2008 1535 47.8 511 0.70 (0.66, 0.73)

+
Overal <> 0.74 (0.50, 0.89) <> 0.62 (0.42, 0.79)

- 0.66 (0.62, 0.69)

Tocci, 2018 2209 67 76.2 ¢ 0.90(0.88,0.91) - 0.52 (0.48, 0.55)

NOTE: P for sensitivity=99.6%, I for specificity=99.4%
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Appendix G Table 1. Ongoing or Recently Completed Studies

Study reference/ trial

; - S . Estimated L Relevant 2019 status
|Fc)1¢nt|_f|er _ Official title Location N Study objective Outcomes (Aug 2019)
rincipal Investigator
NCT03267420 Blood Pressure Canada 90 To compare 4 different methods | Difference inavg | Recruiting
Measurement: Should of measuring blood pressure in SBP between BP
Marcel Ruzicka Technique Define Targets? the office (casual, resting protocols Est completion
average of 3 readings with date: Jun 2019;
nurse present or absent for no publications
resting period, and average of 5 available
readings) as well as a 24-hour
ambulatory measurement.
NCT03130257 Blood Pressure Checks for us 510 To compare the accuracy and Comparative Active, not
Diagnosing Hypertension acceptability (i.e., comfort, acceptability of recruiting
Beverly Green (BP-CHECK) convenience) of clinic, home, clinic, home,
and kiosk BP testing to 24-hour | kiosk, and 24- Est completion
BP ambulatory monitoring. hour blood date: Sep 2019;
pressure no publications
diagnostic testing | available
Pt reported QoL
NCT03147573 Validity of 1BPM for Spain 214 To compare 1-hour ABPM, Accuracy of Recruiting
Diagnosis of Hypertension OBPM, and HBPM to daytime confirmation
Luis Gonzélez de Paz ABPM for the confirmation of modalities Est completion
hypertension diagnosis. compared to date: Sept 2019
daytime ABPM
NCT03732924 Zero to Five Automated Canada 600 To compare the difference Difference in SBP | Not yet
Oscillometric Office Blood between the daytime ABPM and | and DBP between | recruiting
Sheldon Tobe Pressure (AOBP) AOBP with zero or five minutes | groups
Measurement wait time. Est completion
Difference in SBP | date: Nov 2019
and DBP between
AOBP and
daytime ABPM
NCTO03774147 24-hr Ambulatory Blood France 1067 To analyze the feasibility and Prevalence of Recruiting
Pressure Monitoring in benefits of ABPM among WCH
Claire Zabawa Patients With Blood primary care hypertensive Est completion
Pressure Above Thresholds patients in daily practice date: Dec 2019
in General Practice
(MAPAGE)
NCT03480217 Implementing Hypertension | US 2000 Use cluster-randomized design | Change in Recruiting
Screening Guidelines in among 8 primary care clinics to | ordering of out-of-
lan Kronish Primary Care test the effectiveness of a office blood Est completion
theory-informed multifaceted pressure testing date: Apr 2020
implementation strategy
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Appendix G Table 1. Ongoing or Recently Completed Studies

Study reference/ trial

; - S . Estimated L Relevant 2019 status
gientl_fler _ Official title Location N Study objective Outcomes (Aug 2019)
rincipal Investigator
designed to increase the uptake
of the 2015 United States
Preventive Services Task Force
(USPSTF) hypertension
screening guidelines
NCT03866226 The Effect of ABPM on China 450 To examine whether ABPM Sleep Recruiting
Sleep Disturbance affects sleep, as well as the guestionnaire
XiaoHong PAN (EMBED) relationship and influencing score Est completion
factors of sleep and ABPM date: Dec 2021
results, and screening for
people who are susceptible to
ABPM testing
NCT03855605 Diagnosis of Hypertension S Korea 500 To validate the diagnostic Validation of the Recruiting
by Home Blood Pressure algorithm of HTN by using 24- diagnostic
Moo-Yong Rhee Monitoring hour ambulatory blood pressure | algorithm of HTN | Est completion
and home blood pressure date: Dec 2020
measurement
NCT02804074 MASked-unconTrolled Italy 1240 To investigate whether a Percentage of Recruiting
hypERtension Management management strategy based on | participants w
Gianfranco Parati Based on Office BP or on out-of-office BP (Ambulatory BP | masked HTN; Tx | Est completion
Out-of-office (Ambulatory) monitoring) versus a of masked HTN date: Jan 2023;
BP Measurement management strategy based on Protocol
(MASTER) office BP measurements is available here
associated with differences in
outcome
ISRCTN13127656 HYVET 2: treatment of UK 100 To assess the cardiovascular Tx of WCH Recruiting
white coat hypertension in outcomes following treatment of
Colin McAlister the very elderly white coat hypertension with Recruiting
established anti-hypertensive through Dec
drugs versus standard of care in 2019; intention
the very elderly - feasibility to publish: Apr
study 2022
NCT02142881 Treatment of Masked us 4 To evaluate whether Percentage of Completed
Hypertension antihypertensive treatment can participants w
Paul E Drawz modify BP patterns in patients masked HTN; Tx | Study
with masked hypertension of masked HTN completion date
Dec 2017; No
results available
NCT02893358 Antihypertensive Treatment | China 300 To estimate the target organ Percentage of Unknown
in Masked Hypertension for protection after 12 months of participants w
Yan Li antihypertensive treatment in
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Appendix G Table 1. Ongoing or Recently Completed Studies

Study reference/ trial .
identifier Official title Location ez Study objective e e
S . N Outcomes (Aug 2019)
Principal Investigator
Target Organ Protection masked hypertension patients masked HTN; Tx | Study
(ANTI-MASK) with at least one kind of target of masked HTN completion date:
organ damage Nov 2018; no
results available

Abbreviations: ABPM = ambulatory blood pressure monitoring; avg = average; BP = blood pressure; DBP = diastolic blood pressure; Est = estimated; HTN = hypertension; SBP
= systolic blood pressure; Tx = treatment; WCH = white coat hypertension
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