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BACKGROUND

Recent US blood pressure (BP) guidelines recommend using ambula-
tory BP monitoring (ABPM) or home BP monitoring (HBPM) to screen
adults for masked hypertension. However, limited evidence exists of
the expected long-term effects of screening for and treating masked
hypertension.

METHODS

Weestimated thelifetime healthand economicoutcomesofscreening
for and treating masked hypertension using the Cardiovascular
Disease (CVD) Policy Model, a validated microsimulation model.
We simulated a cohort of 100,000 US adults aged >20 years with
suspected masked hypertension (i.e., office BP 120-129/<80 mm Hg,
not taking antihypertensive medications, without CVD history). We
compared usual care only (i.e., no screening), usual care plus ABPM,
and usual care plus HBPM. We projected total direct healthcare costs
(2021 USD), quality-adjusted life years (QALYs), and incremental
cost-effectiveness ratios. Future costs and QALYs were discounted
3% annually. Secondary outcomes included CVD events and serious
adverse events.

RESULTS

Relative to usual care, adding masked hypertension screening and
treatment with ABPM and HBPM was projected to prevent 14.3 and
20.5 CVD events per 100,000 person-years, increase the proportion
experiencing any treatment-related serious adverse events by 2.7
and 5.1 percentage points, and increase mean total costs by $1,076
and $1,046, respectively. Compared with usual care, adding ABPM
was estimated to cost $85,164/QALY gained. HBPM resulted in lower
QALYs than usual care due to increased treatment-related adverse
events and pill-taking disutility.

CONCLUSIONS

The results from our simulation study suggest screening with ABPM
and treating masked hypertension is cost-effective in US adults with
suspected masked hypertension.

GRAPHICAL ABSTRACT

What are the clinical and economic impacts of

screening for and treating masked hypertension?

+ Projected the lifetime impact of ABPM (ambulatory blood pressure
monitoring) and HBPM (home blood pressure monitoring) screening of US
adults with suspected masked hypertension using the CVD (Cardiovascular
Disease) Policy Model

« Adding ABPM screening was intermediately cost-effective vs. usual
care alone, costing $85,164 per QALY (quality-adjusted life year) gained
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Masked Hypertension Screening Cost-Effectiveness

Masked hypertension is defined as having high out-of-
office blood pressure (BP) without high office BP among
individuals not taking antihypertensive medication.' It is
estimated that 17.1 million adults in the United States have
masked hypertension.? The risk of incident cardiovascular
disease (CVD) and mortality associated with masked hyper-
tension is similar to that of sustained hypertension (both of-
fice and out-of-office BP >130/80 mm Hg), nearly 2 times
that of sustained normotension (both office BP and out-of-
office BP <130/80 mm Hg).?~® Using office BP measurements
alone will not identify individuals with masked hypertension.

Several BP guidelines recommend screening for masked
hypertension among adults without high office BP and treat-
ment for those diagnosed with masked hypertension.” The
2017 American College of Cardiology/American Heart
Association (ACC/AHA) BP guideline stated it is reason-
able to screen for masked hypertension in adults not taking
an antihypertensive medication and with office BP readings
of 120-129 mm Hg/75-79 mm Hg (Class IIa recommenda-
tion).! Treatment with antihypertensive medication is asso-
ciated with a significant reduction in CVD risk in those with
high office BP, but there are currently no randomized clinical
trials that have evaluated the effect of treating masked hyper-
tension on CVD outcomes.®'? Despite this, the 2017 ACC/
AHA BP guideline stated that initiation of antihypertensive
medication for those with masked hypertension is reason-
able based on current observational study evidence (Class ITa
recommendation).!

Out-of-office BP can be measured using ambulatory BP
monitoring (ABPM) or home BP monitoring (HBPM).!:12
ABPM automatically measures BP, typically every 20-30
minutes, over a 24-hour period, including during the sleep
period. HBPM requires an individual to measure their BP in
the morning and at night over a minimum of 3 days. ABPM
is often considered the reference standard for hypertension
diagnosis, but BP guidelines also support the use of HBPM,
which is less expensive, and more readily accessible than
ABPM'1,12,13

Despite recommendations from BP guidelines to
screen for masked hypertension using out-of-office BP
monitoring, the expected long-term impact of screening
for and treating masked hypertension on the risk of inci-
dent CVD events, risk of medication-related serious ad-
verse events, and healthcare costs are currently unknown.
This study seeks to estimate the lifetime cost-effective-
ness of masked hypertension screening and treatment
compared with usual care.

METHODS
Model overview

We used a microsimulation version of the CVD Policy
Model, an established computer simulation of coronary
heart disease (CHD) and stroke incidence and prevalence in
US adults.!*-17 In the simulation, individuals started with no
history of CVD and each year were at risk of experiencing
CHD, stroke, both CHD and stroke, and dying from CVD or
non-CVD-related causes (Supplementary Figure S1 online).
Individuals were simulated until age 89 years or death.!”

The simulation model and key inputs used to conduct this
research are available upon reasonable request and approval
by the model team. Interested researchers can submit a re-
search proposal and collaboration plan to Dr. Bellows and
will be required to sign a Creative Commons agreement.

Population

The model was populated with individuals from National
Health and Nutrition Examination Survey (NHANES)
1999-2014 cycles who were matched to participants from
the National Heart, Lung and Blood Institute Pooled
Cohorts Study (NHLBI-PCS) for whom lifetime CVD risk
factor trajectories (i.e., systolic BP [SBP], diastolic BP [DBP],
high-density lipoprotein cholesterol, low-density lipopro-
tein cholesterol, total cholesterol, current smoker, former
smoker, cigarettes per day, creatinine, estimated glomer-
ular filtration rate, and diabetes mellitus) have been devel-
oped.'#1518-21 Of these, individuals aged 20 years or older
with suspected masked hypertension (i.e., mean of 3 SBP/
DBP measurements 120-129 mm Hg/<80 mm Hg) with no
history of CVD and no self-reported use of antihypertensive
medications were included (n = 1,223).! To achieve stable
cost-effectiveness  estimates, nationally representative
cohorts of 100,000 US adults were simulated.

Screening strategies

We evaluated 3 strategies to diagnose and treat masked
hypertension (Figure 1). The first was “usual care,” in which
patients received annual screening for and treatment of hy-
pertension using measured office BP per the 2017 ACC/
AHA guidelines but did not receive any out-of-office BP
screening.! The second and third were “usual care plus
ABPM” and “usual care plus HBPM,” in which patients re-
ceived usual care plus screening for masked hypertension
using either ABPM or HBPM, respectively. For masked hy-
pertension screening, patients were rescreened every 3 years
when aged <40 years and annually when aged >40 years.?
Other screening intervals were evaluated in sensitivity
analyses.

Model inputs

Blood pressure The BP components included in the
model are described in Table 1. The untreated “true” of-
fice BP represents an individual's underlying office BP,
without measurement error, had they not been treated with
antihypertensive medication at any time in their life. It is
derived from the NHLBI-PCS lifetime CVD risk factor
trajectories.!*!>18-21 The “true” office BP is the treatment-
adjusted office BP of an individual that applies the estimated
BP reduction based on number of half- and full-standard
dose medications used and adherence (Supplementary
Table S1 online).'** To account for uncertainty in office BP
measurements, error in BP measurements was incorporated
as the difference between the measured office BP and the true
office BP.1#?* All antihypertensive treatment was assumed to
start with a half-standard dose and was subsequently titrated
according to measured office BP.
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Patients with suspected masked HTN
(repeated office BPs:
120-129/<80 mmHg)

Usual Care Usual Care +
Screen for HTN at office visits Ambulatory BP screening Home BP screening
<130/80 2130/80 Screen for masked HTN using Screen for masked HTN using
mmHg mmHg Ambulatory BP Home BP
<130/80 2130/80 <130/80 2130/80 <130/80 2130/80
mmHg mmHg mmHg mmHg mmHg mmHg
Start HTN Rescreen for Start HTN Rescreen for Start HTN
treatment masked HTN* treatment masked HTN* treatment

HTN screening and management according to treatment guidelines

Figure 1. Masked hypertension screening algorithms. Abbreviations: BP, blood pressure; HTN, hypertension. *Rescreening occurs every 3 years when

aged <40 years and annually when aged >40 years.

As NHANES does not include out-of-office BP
measurements, the validated Predicting Out-of-OFfice
BP (PROOE-BP) algorithm, which uses office BP readings
and patient characteristics, was used to estimate untreated
out-of-office BP.2>* We used sensitivity, specificity, and
the out-of-office BP to determine clinical detection of a
high out-of-office BP with ABPM and HBPM screening. In
the primary analysis, ABPM was assumed to be the refer-
ence standard (100% sensitivity and 100% specificity). The
diagnostic accuracy of HBPM was obtained from a meta-
analysis comparing HBPM measurements with daytime
ABPM measurements at a 130/80 mm Hg threshold (sensi-
tivity 91.8% and specificity 41.4%) and accounted for typical
use by patients at home.?” Similar to prior analyses, failure to
obtain a complete ABP reading was set at 5% and required
rescreening.?28:2

Risk of CVD events and non-CVD mortality 'The annual
riskoffirstever CVD eventand non-CVD death was estimated
using competing risks Cox proportional hazards functions
derived from the NHLBI-PCS and operationalized using lo-
gistic regression (Supplementary Table S2 online).!#1>1821
The probability of an incident CVD event each year was cal-
culated using the untreated “true” office BP (Supplementary
Methods online). In individuals with masked hyperten-
sion, an increased risk of CVD was estimated by pooling
hazard ratios for masked hypertension vs. normotension
from prior observational studies (HR = 1.77; Table 2 and
Supplementary Table S3 online).>-® There is limited evidence
regarding the benefits of antihypertensive treatment for
masked hypertension. Therefore, the relative risk per 10-mm
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Hg reduction in SBP from meta-analysis was applied to es-
timate the risk for CHD (RR = 0.83) and stroke (RR = 0.73)
when using antihypertensive treatment.” The probabilities
for nonincident CVD events were stratified by age and sex
(Supplementary Table S4 online).'

Risk of medication-related adverse events Medication-
related adverse events were classified as tolerable, intol-
erable (ie., requiring discontinuation of antihypertensive
medications), or serious (i.e., intolerable and requiring hos-
pitalization).!* Serious adverse events had a risk of being
fatal.'* As in prior analyses, the probabilities of each type of
adverse event were associated with the number of full- and
half-standard doses of antihypertensive medications used
(Supplementary Methods online).!430-33

Costs The cost of masked hypertension screening in-
cluded the cost of setup, education, device, and interpreta-
tion of results. The cost of an ABPM device was the average
cost of ABPM devices listed on the CardiacDirect website
at the time of the analysis (Supplementary Table S5 online).
Each ABPM device was assumed to be purchased by physi-
cian offices and could be used by an average of 125 patients
per year.”® The cost of an HBPM device was estimated by
averaging the costs of the top 3 rated HBPM devices on
Amazon at the time of the analysis. In the primary analysis,
patients were assumed to purchase their own HBPM devices
(i.e., the cost of 1 device per patient was included), but this
was explored in a scenario analysis. The Centers for Medicare
and Medicaid Services Physician fee schedule was used to
define costs of physician visits associated with ABPM (CPT
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Table 1.

Blood pressure variables included in the model

Model blood pressure
parameter

Definition

Source

Use in simulation

Untreated “true” office BP

Untreated out-of-office

“True” office BP

Observed office BP

Observed out-of-office
hypertension diagnosis

Underlying office BP if
no antihypertensive
medications were ever
used by patient

Underlying out-of-office BP
if no antihypertensive
medications were used

Office BP that accounts
for antihypertensive
medication use

BP seen in office by
provider

Out-of-office hypertension
diagnosis by provider

Projected trajectory over a lifetime
using imputation analysis from
NHANES and NHLBI Pooled
Cohorts Study'419-21

Obtained by applying PROOF-BP
algorithm to the untreated “true”
BP25,26

Obtained by applying the expected BP
reduction based on number of half-
and full-standard dose medications
used and adherence to regimen to
the untreated “true” office BP14.23

Obtained by applying office BP
measurement error to “true” office
BP14,24

Obtained by applying the accuracy
(i.e., sensitivity and specificity) of
ABPM and HBPM to “true” out-of-
office BP?7

Used to determine incident CVD
event risk before accounting for
antihypertensive medication use
and masked hypertension status

Used with untreated “true” BP
to determine “true” masked
hypertension status

Used to determine reduction in
incident CVD event risk with
antihypertensive medication
treatment

Used by provider to make
antihypertensive medication
treatment decisions

Used by provider to make masked
hypertension antihypertensive
medication initiation decisions

Abbreviations: ABPM, ambulatory blood pressure monitoring; BP, blood pressure; CVD, cardiovascular disease; HBPM, home blood pres-
sure monitoring; NHANES, National Health and Nutrition Examination Survey; NHLBI, National Heart, Lung and Blood Institute; PROOF-BP,

PRedicting Out-of-OFfice Blood Pressure.

code 93784) and HBPM (CPT codes 99473 and 99474).
Based on prior analyses and warranty information from
manufacturers, ABPM and HBPM devices were assumed to
be replaced every 5 years in the primary analysis but this was
varied in sensitivity analysis.**** Antihypertensive medica-
tion, acute and chronic CVD event, medication-related ad-
verse event, and background healthcare costs were derived
from prior cost-effectiveness analyses (Supplementary Table
S6 online).!413

Quality of life We quantified health-related quality of
life using quality-adjusted life years (QALYs), which range
from one, indicating a year of full health, to zero, indicating
death.?> The QALYs associated with chronic health states
were age stratified and adjusted according to CVD his-
tory (Supplementary Table S6 online).!> Short-term QALY
decrements after CVD events and serious adverse event
hospitalizations were also included. In the primary analysis,
the decrement to quality of life associated with medication
pill-taking was 0.002.'4'> These assumptions were explored
in scenario analyses.

Calibration and validation

As in prior analyses, the model was calibrated to match
contemporary incidence and total event rates of CHD
and stroke, and CVD and all-cause mortality from the
Centers for Disease Control and Prevention, National
Hospital Discharge Survey, National Inpatient Sample,
and National Vital Statistics System, and cross-validated
against the original, dynamic population version of the
CVD Policy Model (Supplementary Methods and Figure
S2 online).!*-17

Statistical analysis

Our analysis adhered to recommendations from the
Second Panel on Cost-effectiveness in Health and Medicine
(Supplementary Tables S7 and S8 online).* The simulation
model was developed and performed using TreeAge Pro
(version 20.2.1, Williamstown, MA) and other analyses were
performed in R (version 4.0.2, Vienna, Austria). The pri-
mary outcome was the incremental cost-effectiveness ratio
(ICER), defined as the additional cost per QALY gained.
Costs (2021 USD) were from a US healthcare sector per-
spective, which includes all direct medical costs regardless
of the payer.*® All future costs and QALY were discounted
3% annually.*® We used the cost-effectiveness thresholds
recommended by the ACC/AHA, considering an ICER
<$50,000/QALY gained highly cost-effective and an ICER
>$50,000/QALY to <$150,000/QALY gained intermediately
cost-effective.’” For the primary analysis, 200 probabilistic
iterations in which model inputs were randomly sampled
from prespecified distributions were used to obtain the
mean and 95% uncertainty interval (UI) for costs, QALYs,
and the probability of being cost-effective. The rates of CVD
events, CVD mortality, and serious adverse events were also
projected.

Sensitivity and scenario analyses

One-way sensitivity analyses were performed by sys-
tematically varying model inputs related to masked hy-
pertension across plausible ranges while holding all
other parameters constant. The lower and upper bounds
for the 1-way sensitivity analyses were derived from 95%
confidence intervals or ranges reported in the literature.
As the potential benefits and harms of treating masked
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Table 2. Masked hypertension-related model inputs

Parameter

Mean

Sensitivity analysis

Source

Diagnostic accuracy of out-of-office BP screening

Sensitivity
ABPM 100.0% 91.8%-100.0%
HBPM 91.8% 84.4%—95.8%
Specificity
ABPM 100.0% 41.4%—-100.0%
HBPM 41.4% 30.1%-53.5%
Out-of-office BP rescreening interval
Age <40 years Every 3 years 1-5
Age 240 years Every year 1-5
CVD risk with masked hypertension
Hazard ratio 1.77 1.23-2.42
Costs
Usual care physician visit (per visit)? $78 $69-97
Screening visit (cost per year)
ABPMe $48 $42-60
HBPM¢ $28 $23-34
Device
ABPM $1,916 $1,495-2,195
HBPM $54 $45-63
Number of patients using device
ABPM 125.0 62.5-187.5
HBPM 1 52 (purchased by clinics)
ABPM failure rate 5.0% 0.0%-10.0%
Device replacement Every 5 years 2-10
Quality-of-life
Pill-taking disutility 0.002 0.000-0.006

Ref. 27, ABPM lower bound assumed mean
HBPM

Ref. 22
Ref. 2

Refs. 3-6

CMS Physician fee schedule®
CMS Physician fee schedule®

Mean of top devices from CardiacDirect®

Mean of top devices from Amazonf

Ref. 28
Clinical judgment
Ref. 22

Ref. 28, clinical judgment

Refs. 1415

Abbreviations: ABPM, ambulatory blood pressure monitoring; BP, blood pressure; CMS, Center for Medicare and Medicaid Services; CVD,
cardiovascular disease; HBPM, home blood pressure monitoring.

aCPT 99213.

bPhysician fee schedule: www.cms.gov/medicare/physician-fee-schedule/search.

¢Includes recording, scanning analysis, interpretation, and report (CPT 93784).

dIncludes initial setup, education (CPT code 99473), and interpretation of results (CPT 99474).

e24-Hour ABP Monitors: http://www.cardiacdirect.com/product-category/24-hour-abp-monitors.

Best Sellers in Blood Pressure Monitors: www.amazon.com/Best-Sellers-Health-Personal-Care-Blood-Pressure-Monitors.

hypertension are unknown, a 2-way sensitivity analysis
assessed the joint impact of the probability of serious
adverse events and the relative risk of CVD events per
10-mm Hg reduction in office BP with antihypertensive
treatment on cost-effectiveness outcomes. Several sce-
nario analyses were conducted to compare our approach
to calculating the expected reduction in CVD event risk
and quality of life to those used in prior cost-effective-
ness studies (Supplementary Methods online).?22%29
Finally, scenario analyses were performed in which (i)
HBPM devices were purchased by physician offices and
used by an average of 52 patients per year (i.e., the device
cost was divided by 52 to calculate the cost per patient),
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(ii) HBPM had 100% sensitivity and specificity to de-
tect masked hypertension, and (iii) ABPM had the same
accuracy as HBPM (i.e., 91.8% sensitivity and 41.4%
specificity).!®1>

RESULTS
Participant characteristics

The simulated cohort was 43.3% female; 47.8% were non-
Hispanic White and 19.5% non-Hispanic Black. The mean
(SD) baseline age was 42.2 (14.8) years, body mass index was
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25.4 (4.3) kg/m?, office SBP was 123.9 (2.6) mm Hg, and of-
fice DBP was 72.1 (5.5) mm Hg.

Clinical outcomes

Due to decreased specificity, screening for masked
hypertension with HBPM was projected to result in
more antihypertensive medications being started within
the first year (68.3%) than usual care alone (0.0%) or
usual care plus ABPM (28.5%). Screening for masked
hypertension was projected to reduce the cumulative
incidence of CVD events (Supplementary Figure S3 on-
line). Compared with usual care alone, usual care plus
ABPM screening decreased the CVD event rate by 14.3
(95% UI: 3.5-19.6) events per 100,000 person-years
and usual care plus HBPM by 20.5 (95% UI: 11.9-26.8)
events per 100,000 person-years (Table 3). The propor-
tion of individuals who experienced a serious adverse
event increased 2.7 percentage points with usual care
plus ABPM (95% UI: 2.4-2.9) and 5.1 percentage points
with usual care plus HBPM (95% UI: 4.6-5.7) relative to
usual care.

Table 3. Lifetime CVD, survival, and adverse event projections

Cost-effectiveness

Compared with usual care alone, usual care plus ABPM
screening increased costs by an average $1,076 (95% Ul:
$945-1,206) per person over a lifetime and usual care
plus HBPM by an average of $1,046 (95% UI: $928-
1,187) per person (Table 4 and Supplementary Figure
S4 online). Cost differences were driven by increased
antihypertensive medication and antihypertensive re-
lated adverse events, which were partially offset by sav-
ings in CVD events prevented (Supplementary Table S9
online). Usual care plus ABPM gained 0.0126 (95% UTL:
0.0019-0.0221) QALYs per person compared with usual
care alone. Due to increased serious adverse events and
pill-taking disutility, usual care plus HBPM lost 0.0021
(95% UI: —0.0163, 0.0109) QALYs compared with usual
care alone. The resulting ICER for usual care plus ABPM
vs. usual care alone was $85,164/QALY gained. Usual care
plus HBPM was dominated by usual care alone (i.e., usual
care plus HBPM was more costly and less effective). At
a $150,000/QALY cost-effectiveness threshold, usual care
plus ABPM had an 89.5% probability of being cost-effec-
tive (Table 4 and Figure 2).

Outcome (95% Ul)

Usual care

Usual care plus ABPM Usual care plus HBPM

CVD (% with 21 event)

CVD (total events per 100,000 person-years)
Stroke (total events per 100,000 person-years)
CHD (total events per 100,000 person-years)

CVD death (total events per 100,000 person-years)

Survival (mean years)

Serious adverse events (% with 21 event)

Serious adverse events (per 100,000 person-years)

25.6% (24.0%—26.9%)
1,057.7 (994.5-1,110.6)
162.3 (154.1-169.3)
895.4 (837.5-949.4)
336.3 (316.0-353.4)
40.3 (40.2-40.4)
20.5% (19.8%—21.0%)
589.5 (569.4—607.4)

25.4% (23.7%—26.8%)
1,043.4 (979.0-1,101.5)
156.6 (149.4-162.9)

886.8 (826.5-940)
330.7 (309.3, 349.1)
40.3 (40.3-40.4)
23.2% (22.3%-23.9%)
671.0 (643.8-697.2)

25.1% (23.4%—26.6%)
1,037.2 (968.2—1,095.7)
156.6 (149.4-162.5)
880.5 (817.8-935.3)
330.4 (308.5-348.9)
40.3 (40.3-40.4)
25.6% (24.4%—26.7%)
750.8 (712.7-786.7)

Abbreviations: ABPM, ambulatory blood pressure monitoring; CHD,
blood pressure monitoring; Ul, uncertainty interval.

Table 4. Lifetime cost, effectiveness, and cost-effectiveness outcomes

coronary heart disease; CVD, cardiovascular disease; HBPM, home

Outcomes Usual care Usual care plus ABPM Usual care plus HBPM
Costs (2021 USD) $199,899 $200,975 $200,945
Incremental costs (95% Ul)2 — $1,076 ($945-1,206) $1,046 ($928-1,187)
QALYs 18.6362 18.6499 18.6341
Incremental QALYs (95% UlI)? — 0.0126 (0.0019-0.0221) -0.0021 (-0.0164, 0.0109)
ICER (Inc. $/QALY gained)® — $85,164 Dominated
Probability preferred strategy at

$50,000/QALY 100.0% 0.0% 0.0%

$100,000/QALY 34.0% 66.0% 0.0%

$150,000/QALY 10.5% 89.5% 0.0%

Abbreviations: ABPM, ambulatory blood pressure monitoring; HBPM, home blood pressure monitoring; ICER, incremental cost-effectiveness

ratio; QALY, quality-adjusted life year; Ul, uncertainty interval.
aRelative to usual care.
bRelative to next least costly nondominated strategy.

American Journal of Hypertension 35(8) August 2022 757


http://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpac071#supplementary-data
http://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpac071#supplementary-data
http://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpac071#supplementary-data
http://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpac071#supplementary-data

Green et al.

Highly Cost-Effective

100%

80% —

60% —

40% —

Probability of Being Preferred Strategy

20% —

Intermediately Cost-Effective

—— Usual Care
—— Usual Care plus ABPM

Usual Care plus HBPM

0%
’ I I I I

$0k $25k $50k $75k $100k

$125k $150k $175k $200k $225k $250k

Cost-Effectiveness Threshold ($/QALY)

Figure2. Cost-effectivenessacceptability curve. Abbreviations: ABPM, ambulatory blood pressure monitoring; HBPM, home blood pressure monitoring;

QALY, quality-adjusted life year.

Sensitivity and scenario analyses

The cost-effectiveness of masked hypertension screening
was most sensitive to changes in the specificity of ABPM,
frequency of masked hypertension screening, and pill-taking
disutility (Figure 3). The impact of simultaneous changes to
the RR of CVD events and probability of treatment-related
serious adverse events are shown in Supplementary Figure
S5 online. Usual care plus ABPM was estimated to be highly
cost-effective if the RR of CVD events was improved by 20%.

In the scenario analyses that used approaches from prior
studies to calculate the expected reduction in CVD event
risk and quality of life, a greater number of CVD events were
prevented with masked hypertension screening using ABPM
(31.1 per 100,000 person-years) and HBPM (43.9 per 100,000
person-years) than in the primary analysis (Supplementary
Figure S6 online). Subsequently, usual care plus ABPM be-
came highly cost-effective (ICER $30,269/QALY gained), but
the results varied with pill-taking disutility (Supplementary
Table S10 online). Assuming HBPM devices were purchased
by physician offices and reused by patients had no impact
on the cost-effectiveness of usual care plus HBPM (ie.,
usual care plus HBPM remained dominated by usual care
alone) (Supplementary Table S11 online). When HBPM
was assumed to have 100% sensitivity and specificity, usual
care plus HBPM dominated usual care plus ABPM and was
cost-effective (ICER vs. usual care alone: $79,353/QALY
gained). Usual care plus ABPM became dominated by usual
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care when the sensitivity and specificity were assumed to be
the same as HBPM.

DISCUSSION

In this simulation study, we evaluated the cost-effective-
ness of screening for and treating masked hypertension
using either ABPM or HBPM in US adults with suspected
masked hypertension. Both usual care plus ABPM and usual
care plus HBPM screening strategies were projected to de-
crease CVD events and CVD-related mortality compared
with usual care at lifetime incremental costs of screening
near $1,000. Adding screening with ABPM to usual care was
estimated to cost an average of $85,164/QALY gained over
an individual’s lifetime compared with usual care. However,
usual care plus HBPM resulted in lower QALYs than usual
care due to increased treatment-related adverse events and
pill-taking disutility and was not cost-effective. The cost-ef-
fectiveness of masked hypertension screening was most
sensitive to the specificity of the screening strategy and the
screening frequency.

The economic impact of out-of-office BP monitoring
has been explored in previous studies, which have shown
screening with ABPM to cost less and be more effective than
not screening.?>?%?° However, these prior studies examined
different populations and uses of ABPM compared with our
study. Beyhaghi and Viera®? examined the use of ABPM for
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Figure 3. One-way sensitivity analyses of masked hypertension screening and treatment parameters, usual care plus ABPM vs. usual care alone. Notes:
The figure shows the change in the ICER for usual care plus ABPM vs. usual care alone (x-axis) when independently varying the parameters shown (y-axis)
across plausible ranges. The dashed line indicates the base-case ICER. At the ends of each bar, the parameter values that resulted in the maximum and
minimum ICER are shown. The bars indicates if the parameter was associated with event probabilities/risk, ABPM measurement or procedures, or costs.
Parameter values of screening frequency for masked hypertension are shown as aged <40 years/aged >40 years. Usual care alone dominated usual care
plus ABPM (i.e., usual care cost less and was more effective) when the specificity of ABPM was 41.4% (same as HBPM), the screening frequency for masked
hypertension was 5.00/5.00 years, and when pill-taking disutility was set to 0.006; the bars in the plot are cut off at $250,000/QALY gained for presen-
tation. Usual care plus HBPM dominated usual care plus ABPM when pill-taking disutility was <0.001. Abbreviations: ABPM, ambulatory blood pressure
monitoring; HBPM, home blood pressure monitoring; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life year.

adults aged 21 years and older in a US representative pop-
ulation, including those with high office BP.! Lovibond
et al.®® focused on use of ABPM in those with an office BP
>140/90 mm Hg, and Monahan et al.* on those with an of-
fice BP >130/80 mm Hg, aged 40 years and older. In contrast,
we examined US adults aged 20 years and older without high

office BP and with suspected masked hypertension (office BP
120-129/<80 mm Hg, no antihypertensive medication use,
and no CVD history), many of whom may have a much lower
risk of CVD than the populations studied in prior studies.
Additionally, the prior studies used a different approach to
estimating QALY reductions with CVD that generally results
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in a greater quality of life benefit from CVD event prevention
than our approach and used a greater CVD event-specific
relative risk for individuals on antihypertensive medications
than in our analysis.?>?? When we adopted a similar ap-
proach, usual care plus ABPM became highly cost-effective
(ICER $30,269/QALY gained).?

Limitations

The results of our study need to be considered in the con-
text of the following potential limitations. While the CVD
Policy Model was calibrated to reproduce contemporary
CVD event rates and mortality, it is a simulation model with
a fixed set of assumptions about the underlying data and
real-world clinical practice. Our primary analysis assumed
the treatment benefits of antihypertensive medications were
based on changes to office SBP and that individuals with
masked hypertension receive the same treatment benefit per
10-mm Hg office SBP reduction as individuals with sustained
hypertension. This assumption was based on the results from
prior studies, but the treatment effect of antihypertensives
on out-of-office BP and CVD risk in masked hypertension
has not been assessed in any published randomized control
trials.??82% These assumptions resulted in a modest CVD
benefit in our model because office BP is lower in those with
masked hypertension than those with sustained hyperten-
sion, and meta-analyses show higher starting BPs are as-
sociated with greater BP reductions with treatment.3%31:3
Additionally, our analysis did not include the reduction in
risk of heart failure associated with antihypertensive treat-
ment.” Heart failure is associated with substantial mor-
bidity, mortality, and healthcare costs; therefore, the benefits
of antihypertensive treatment are likely underestimated in
our analysis.***® Another potential limitation of our study is
the assumption that ABPM is the reference standard (100%
sensitivity and specificity) for diagnosing masked hyperten-
sion. Recent literature suggests that, compared with 24-hour
ABPM, mean BP measured by 1 week of HBPM is more reli-
able and strongly associated with left ventricular mass index,
areliable measure of end-organ damage.*! When HBPM was
assumed to have 100% sensitivity and specificity, usual care
plus HBPM was projected to be the most cost-effective op-
tion (ICER: $79,353/QALY gained). Given this, and that the
2017 ACC/AHA BP guidelines state that HBPM or ABPM
may be used to screen for masked hypertension, additional
research is needed to better understand the ability of out-of-
office screening to detect masked hypertension. Additionally,
our analysis did not examine the impact of screening for
masked hypertension within specific racial or ethnic groups.
Future work is needed to ensure that screening for masked
hypertension is equitable and reaches those at highest risk.
Finally, while the PROOF-BP algorithm has been shown
to accurately predict out-of-office BP, it may lead to some
misclassification of participants.

In this simulation analysis, the addition of ABPM to usual
care is estimated to reduce CVD morbidity and mortality
and be an intermediately cost-effective way to screen for and
treat masked hypertension in US adults suspected to have
masked hypertension.
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Supplementary data are available at American Journal of
Hypertension online.
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