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ABSTRACT

Introduction For many people, blood pressure (BP) levels
differ when measured in a medical office versus outside
of the office setting. Out-of-office BP has a stronger
association with cardiovascular disease (CVD) events
compared with BP measured in the office. Many BP
guidelines recommend measuring BP outside of the office
to confirm the levels obtained in the office. Ambulatory BP
monitoring (ABPM) can assess out-of-office BP but is not
available in many US practices and some individuals find it
uncomfortable. The aims of the Better BP Study are to (1)
test if unattended office BP is closer to awake BP on ABPM
compared with attended office BP, (2) assess if sleep BP
assessed by home BP monitoring (HBPM) agrees with
sleep BP from a full night of ABPM and (3) compare the
strengths of associations of unattended versus attended
office BP, unattended office BP versus awake BP on ABPM
and sleep BP on HBPM versus ABPM with markers of end-
organ damage.

Methods and analysis We are recruiting 630 adults

not taking antihypertensive medication in Birmingham,
Alabama, and New York, New York. Participants are

having their office BP measured with (attended) and
without (unattended) a technician present, in random
order, using an automated oscillometric office BP device
during each of two visits within one week. Following these
visits, participants complete 24 hours of ABPM and one
night of HBPM, in random order. Psychosocial factors,
anthropometrics, left ventricular mass index and albumin-
to-creatinine ratio are also being assessed.

Ethics and dissemination This study was approved by
the University of Alabama at Birmingham and the Columbia
University Medical Center Institutional Review Boards. The
study results will be disseminated at scientific conferences
and published in peer-reviewed journals.

Trial registration number NCT04307004.

INTRODUCTION

Elevated blood pressure (BP) and hyperten-
sion are associated with more cardiovascular
disease (CVD) events and disability-adjusted
life years lost than any other modifiable risk
factor, both in the USA and worldwide.! 2 US

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Using a randomised controlled trial design, this
study will rigorously test multiple modalities for
assessing out-of-office blood pressure (BP) includ-
ing automated office BP without the presence of a
technician, ambulatory BP monitoring and home BP
monitoring.

= We will collect BP measurements from a diverse
sample of participants including, but not limited to,
African Americans and Hispanics, who are at elevat-
ed risk for hypertension and cardiovascular disease.

= These data could provide evidence for updating
guidelines on both in-office and out-of-office BP
measurement.

= Due to the nature of the protocol, we will be lim-
ited in capturing data on individuals with high or
extremely high BP who are not currently taking anti-
hypertensive medications.

= We also will not be collecting follow-up data re-
garding medical diagnosis and treatment ini-
tiation for those who are identified as having
hypertension based on their office and out-of-office
BP measurements.

guidelines and scientific statements recom-
mend that BP be measured in the office
setting by a trained healthcare professional
or technician to identify individuals with
hypertension.g_5 In clinical practice and most
research studies conducted in the USA, BP
is measured in the office with medical staff
present, an approach sometimes referred to
as attended office BP measurement. It has
been suggested that measuring office BP
without medical staff present, unattended
office BP measurement, using an automated
office BP (AOBP) device, would be prefer-
able to measuring office BP with medical staff
present since the presence of an observer
may lead to an alerting phenomenon that
increases BP.
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The US Preventive Services Task Force and the 2017
American College of Cardiology/American Heart Asso-
ciation BP guideline recommend measuring out-of-office
BP before initiating antihypertensive treatment for most
patients except those with extremely high office BP.® This
recommendation is based on a large body of evidence
demonstrating BP in many adults differs substan-
tially when measured outside of the office versus when
measured attended in the office setting and a stronger
association of CVD with out-of-office BP than with
attended office BP.”

Ambulatory BP monitoring (ABPM) is widely consid-
ered to be the reference standard for out-of-office BP
assessment and for confirming an initial diagnosis of
hypertension based on office BP.” A comprehensive assess-
ment of BP requires office and out-of-office BP measure-
ments, including while individuals are awake and asleep.
ABPM devices are usually programmed to obtain BP
readings every 15-30min for 24 hours, including during
sleep and can be used to identify white coat hypertension,
masked hypertension and nocturnal hypertension. Prior
studies have reported strong associations of awake and
sleep systolic BP (SBP), assessed by ABPM, with target
organ damage and CVD events.'"’ ' Despite the value of
ABPM for diagnosing hypertension, there are barriers to
its use, including a lack of availability and poor tolera-
bility for some individuals.'*"*

Data from studies conducted in Canada suggest that
measuring unattended office BP yields lower BP read-
ings compared with attended measurements and are,
on average, closer to the average awake BP assessed by
ABPM."” ' In a meta-analysis of 16 studies, unattended
office BP was lower than attended office BP (SBP:
-10.48mm Hg; 95% CI, -13.15 to -7.81; and diastolic
BP (DBP): —4.44mm Hg; 95% CI, -6.07 to —2.80), and
was not statistically significantly different from awake
BP assessed by ABPM.'” However, there were several
limitations associated with this meta-analysis. Many of
the studies included did not randomise the order of
BP measurement, attended office BP followed by unat-
tended office BP versus unattended office BP followed by
attended office BP. Also, the meta-analysis did not report
participant-level differences between unattended office
BP, attended office BP and BP assessed on ABPM.

Previously, ABPM was the only method for assessing BP
while a person was sleeping. However, home BP moni-
toring (HBPM) devices have recently been developed
that can measure BP while asleep. Prior studies suggest
that compared with ABPM, HBPM devices are better
tolerated as they are only worn while a person is sleeping
versus a full 24 hours, and BP is measured fewer times.'®
However, few data are available comparing sleep SBP and
DBP on HBPM versus ABPM.

OBJECTIVES
The overall goal of the Better BP Study is to determine
the extent to which AOBP, used to measure unattended

office BP, and an HBPM device that measures BP during
sleep estimate BP readings obtained while awake and
asleep on ABPM. The Better BP Study has three study
aims. The first aim is to test whether, when following a
standardised protocol, unattended office BP provides
a more accurate estimate of awake SBP and DBP on
ABPM than attended office BP. We hypothesise that the
absolute difference between unattended office BP and
awake BP on ABPM is less than the absolute difference
between attended office BP and awake BP, and that the
agreement between hypertension status based on office
BP versus awake BP will be greater when office BP is
measured unattended versus attended. The second aim
is to evaluate the extent to which sleep BP obtained from
a single night of HBPM agrees with sleep BP assessed by
ABPM. We are also asking participants to rate the accept-
ability of both approaches to assessing out-of-office BP
and hypothesise that HBPM will be better tolerated than
ABPM. The third aim is to compare the strengths of asso-
ciations of unattended versus attended office BP, unat-
tended office BP versus awake BP on ABPM and sleep
BP on HBPM versus ABPM with markers of end-organ
damage, including left ventricular hypertrophy (LVH)
and albuminuria. We hypothesise that the association
with target-organ damage will be: (1) stronger for unat-
tended versus attended office BP, (2) similar for unat-
tended office and awake BP, and (3) similar for sleep BP
by HBPM and ABPM.

METHODS

Brief study overview

Participants are completing four study visits that include
BP measurement in an office setting, blood and urine
collection, and an echocardiogram (figure 1). There
is a 24-hour interval between each of the study visits
as depicted in figure 1. The order in which office BP
is measured at the first and second visit, unattended
followed by attended or attended followed by unattended,
as well as the order in which participants undergo ABPM
and HBPM at the third and fourth visit is determined by
1:1:1:1 block randomisation of 4 groups with each block
size consisting of either 8 (2 per condition) or 12 (3 per
condition) participants. Participants are randomised to
one of the following conditions: (1) unattended office
BP first and attended office BP second; ABPM first and
HBPM second, (2) attended office BP first and unat-
tended office BP second; ABPM first and HBPM second,
(8) unattended office BP first and attended office BP
second; HBPM first and ABPM second and (4) attended
office BP first and unattended office BP second; HBPM
first and ABPM second. The size of the block (8 or 12
participants) is also randomised. All randomisations are
conducted by study staff. At the fourth study visit, partic-
ipants are providing blood and urine specimens and an
echocardiogram is performed.
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| n=630 |
1:1:1:1 Block Randomization
n=315 n=315
3 attended BP 3 unattended BP
measurements Study Visit 1 measurements
followed by 3 followed by 3
unattended BP attended BP
measurements measurements
Next Day I
3 unattended BP 3 attended BP
measurements measurements
followed by 3 Study Visit 2 followed by 3
attended BP unattended BP
measurements measurements
n=315 n= 315
e | [ e
l, Next Day
HBPM Study Visit 3 ABPM
l Next Day
Return device and Return device and
completion of completion of
questionnaires, Study Visit 4 questionnaires,
blood and urine blood and urine
collection, and collection, and
echocardiogram echocardiogram
Figure 1 Study design for the Better BP study. Participants

were randomised to one of the following: (1) unattended
office BP first and attended office BP second; ABPM first and
HBPM second, (2) attended office BP first and unattended
office BP second; ABPM first and HBPM second, (3)
unattended office BP first and attended office BP second;
HBPM first and ABPM second and (4) attended office BP first
and unattended office BP second; HBPM first and ABPM
second. ABPM, ambulatory blood pressure monitoring; BP,
blood pressure; HBPM, home blood pressure monitoring.

PARTICIPANTS

Eligible individuals must be >18 years of age and have
a mean SBP of 110 to <160 mm Hg or a mean DBP
of 70 to <100mm Hg based on two consecutive BP
readings conducted during an in-person screening
which occurs prior to study visit 1. We also excluded
individuals with mean SBP>160mm Hg or mean
DBP>100 mm Hg; or mean SBP<110 mm Hg and mean
DBP<70 mm Hg. Inclusion and exclusion criteria are
provided in box 1.

Recruitment and enrolment

The Better BP Study is being conducted at the Univer-
sity of Alabama at Birmingham (UAB) and at Columbia
University Irving Medical Center (CUIMC) in New York

Open access

Box 1
study

Inclusion and exclusion criteria for the Better BP

Inclusion criteria

1.>18 years of age*

2. Have a mean SBP of 110 to <160mm Hg or a mean DBP of 70 to
<100mm Hg based on two consecutive blood pressure readings con-
ducted during an in-person screeningt

Exclusion criteria

1. Mean SBP >160mm Hg or mean DBP >100mm Hg; or mean SBP
<110mm Hg and mean DBP <70 mm Hg

2.Currently taking antihypertensive medication

3. Known pregnancy

4. Self-reported history of cardiovascular disease, including myocardial
infarction, stroke, atrial fibrillation or ventricular tachycardia

5. History of sleep apnea or a score of 5 or greater on the STOP-BANG
questionnaire®”

6. Working second shift, overnight shift (eg, 23:00 to 7:00), or any job
that would not allow the ABPM device to measure BP every 30 min for
24 hours (eg, taxi or bus drivers)

7. Completed ABPM within the past year

8. Unable to wear BP devices or cuffs

9. No permanent residence to be contacted for follow-up

*At the UAB site, individuals must be >19 years of age.

TPrior to study visit 1 at both sites.

ABPM, ambulatory BP monitoring; BP, blood pressure; DBP, diastolic blood
pressure; SBP, systolic blood pressure; STOP-BANG, snore loudly, tired,
observed stop breathing, high blood pressure, body mass index greater than
35 kg/mz, age older than 50, neck size larger than 40 cm, male gender; UAB,
University of Alabama at Birmingham.

City. At the UAB site, participants are being recruited from
the community using flyers and at primary care clinics
using contact information cards and physician referral.
At the CUIMC site, participants are being recruited from
the community using flyers and Columbia’s RecruitMe
website.'” Overall, the study plans to recruit at least 160
non-Hispanic white, 160 non-Hispanic black and 160
Hispanic participants. The study began enrollment on 15
July 2019. The expected duration of the study is approx-
imately 4years.

Procedures

The manual of operations and procedures for the study
and the consent forms at UAB and CUIMC are available
from the investigators on request after study completion.

Office BP measurements

Both unattended and attended office BP are being
measured using the Microlife WatchBP Office AFIB
automated BP device (Microlife USA). The device is
programmed to have a 5min rest period followed by three
consecutive BP readings taken at 1 min intervals. All office
BP measurements are obtained using the participant’s
non-dominant arm, unless this is not feasible, in which
case their dominant arm is used for office BP measure-
ments. Prior to having their BP measured, participants
are asked to place their feet flat on the ground (levelled),
uncross their legs, sit with their back flat against the chair,

Cepeda M, et al. BMJ Open 2022;12:¢058140. doi:10.1136/bmjopen-2021-058140

3

"ybuAdoo Aq paroslold 1senb Aq €202 ‘Tz Jequiardas uo jwod fwg uadolway/:dny wouy papeojumoq "Z2z0oz aunt 9 uo OyT8S0-TZ0Z-uadolwa/oeTT 0T Se paysignd isii :uado rINg


http://bmjopen.bmj.com/

place their arm in a resting position on a hard surface at
heart level, and remain still and quiet until all BP read-
ings are obtained. The research coordinator sets up the
device and leaves the room for 10min in order to obtain
the unattended office BP or remains in the room for the
attended office BP measurements. When the research
coordinator remains in the room, he/she instructs the
participant not to talk during the 5min rest period or
while their BP is being measured.

ABPM and HBPM

ABPM is being conducted using the Microlife WatchBP
O3 ambulatory monitor (Microlife USA), which is
programmed to obtain a BP reading every 30min.
Sleep HBPM is being conducted using a Microlife
WatchBP Home Nighttime device (Microlife USA) that
is programmed to take three SBP and DBP readings at
2, 3 and 4hours after going to sleep. For both ABPM
and HBPM, participants are given a device log to indi-
cate the time they went to bed, the time they woke up the
next morning, and any times they removed the device.
The Microlife WatchBP O3 ambulatory monitor and the
Microlife WatchBP Home Nighttime device have previ-
ously been validated.”

Actigraphy

Participants are wearing a wrist activity monitor, Philips
Respironics Actiwatch 2 Device (Philips USA), on the
same arm as the BP cuff from study visit 2 to study visit 4
(ie, when ABPM and sleep HBPM are being conducted)
and are being instructed to press a button on the device
when they are going to sleep and when they wake up in
the morning. The device has a light sensor and records
the amount of physical movement (activity count) and
light in 1 min epochs. The data are being uploaded and
stored in a database using the Actiware software (Philips
USA), which also generates preliminary estimates of sleep
onset and wake-up times. A trained technician reviews
and can adjust these software-generated times based
on the actigram, an on-screen graphic showing both
the activity count and the level of light on a minute-by-
minute basis and the participant’s self-reported sleep/
wake times. Once sleep/wake times are finalised, the
software computes a number of sleep-related parameters;
for example, sleep duration, wake after sleep onset and
a sleep fragmentation index. The sleep/wake times are
also used to differentiate sleep from awake BP readings
on ABPM for the calculation of mean awake and mean
sleep SBP and DBP and measures of absolute and relative
nocturnal BP dipping.

Blood and urine collection

At study visit 4, each participant is providing blood and
urine samples for measurement of serum creatinine,
a complete lipid panel, haemoglobin A1C and urine
albumin and creatinine. Samples collected at the UAB site
are being frozen and shipped to CUIMC. All specimens
are being analysed at the CUIMC Center for Advanced

Laboratory Medicine Lab. Participants are providing
7mL of blood and at least 3mL of urine to be stored for
future studies.

Echocardiogram

A 2D echocardiogram is obtained prior to or following
the fourth study visit using the Philips IE33 or a Philips
EPIQ 7 ultrasound system (Philips USA) according to the
2015 recommendations of the American Society of Echo-
cardiography (ASE) and European Association of Cardio-
vascular Imaging.

Other covariates

Self-administered questionnaires are being completed
to assess each participant’s sociodemographic character-
istics including age, race/ethnicity, sex, education level,
income, medical history, current smoking status, phys-
ical activity level, alcohol consumption, stress, anxiety
and sleep quality (table 1). Height, weight, and waist and
neck circumferences are measured during study visit 1,
following a standard protocol.

Outcomes

BP measures

For the primary analysis, we will estimate the average
office SBP and DBP measured unattended or attended
using the first three measurements obtained at study visits
1 and 2. Through randomisation, 50% of participants
should have their first three office SBP and DBP measure-
ments obtained unattended at study visit 1 and attended
at study visit 2, while 50% should have their first three
office SBP and DBP measurements attended at study visit
1 and unattended at study visit 2. For a sensitivity anal-
ysis, the analysis will be repeated using the unattended
and attended measurements collected at study visit 1 and
study visit 2, separately. Additionally, we will do an analysis
using unattended and attended BP measurements from
both visits. Awake and sleep SBP and DBP on ABPM are
being defined as the mean of all SBP and DBP readings
while participants are awake and asleep, respectively, as
determined from the actigraphy data in conjunction with
the self-reported sleep and wake times from the device
log. Sleep SBP and DBP on HBPM is being defined as the
mean of the three SBP and DBP measurements.

Office hypertension and BP phenotypes

Office hypertension is being defined as attended office
SBP>130 mm Hg or DBP>80 mm Hg or unattended office
SBP>130mm Hg or DBP>80 mm Hg.4 22221 The defini-
tions of white coat hypertension, masked hypertension
and nocturnal hypertension are provided in table 2.* St

Echocardiographic and other measures

Left ventricular mass (LVM) is determined using the
ASE formula.?» LVM index (LVMI) is defined as LVM
divided by body surface area (g/ m?). LVH is defined
as an LVMI>96 g/m2 in females and LVMIle6g/m2 in
males.?! Albuminuria is defined as having an albumin-to-
creatinine ratio=30mg/g.

4
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Table 1 Survey measures being collected by self-administered questionnaires in the Better BP Study

Number

Survey measures of items When assessed Description
Eligibility Screening form 8 Prescreening Demographics and medical history including age, pregnancy,

blood pressure measurements, cardiovascular diseases, ability to

wear devices and work shifts to determine eligibility.
STOP-BANG Questionnaire* 8 Screening visit  Risk for sleep apnea.
State-Trait Anxiety Inventory 20 Study visits 1-4 Includes statements that evaluate how respondents feel ‘right
Form Y1 (State Anxiety) now, at this moment’.
Sociodemographic, Medical 14 Study visit 1 Date of birth, race/ethnicity, sex, education completed, household
History and Health Behaviors income, marital status, smoking status, physical activity, alcohol
Questionnaire consumption, and medical history.
Pittsburgh Sleep Quality 10 Study visit 1 Sleep quality and disturbances during the past month.
Index (PSQI) Questionnaire
Post-ABPM Questionnaire 14 Study visit 3 or  Experience while wearing ABPM including questions about device

41 satisfaction and sleep experience.
Post-HBPM Questionnaire 13 Study visit 3 or  Experience while wearing HBPM including questions about
4t device satisfaction and sleep experience.

State-Trait Anxiety Inventory 13 Study visit 4 Includes statements that evaluate how respondents feel ‘in
Form Y2 (Trait Anxiety) general’.
Expectation of Outcomes 5 Study visit 4 State levels with a physician present.
Questionnaire
Comparability Questionnaire 3 Study visit 4 Participant preferences for wearing ABPM versus HBPM.

*Chung F, Abdullah HR, Liao P. STOP-Bang Questionnaire: A Practical Approach to Screen for Obstructive Sleep Apnea. Chest. 2016
Mar;149(3):631-8. doi: 10.1378/chest.15-0903. Epub 2016 Jan 12. PMID: 26 378 880.

tBased on randomization order.

ABPM, ambulatory blood pressure monitor; HBPM, home blood pressure monitor; STOP-BANG, snore loudly, tired, observed stop breathing,
high blood pressure, body mass index greater than 35 kg/m?, age older than 50, neck size larger than 40 cm, male gender.

Tolerability of ABPM and HBPM

Tolerability of ABPM and HBPM is being evaluated using
a lb-item questionnaire that includes items assessing
comfort with wearing the devices and disturbances
experienced during ABPM and HBPM.'* There are also

questions on pain, skin irritation and bruising resulting
from wearing the devices. Eight of the questions are
answered with a Likert-type scale (eg, did you find the
monitor interfered with your normal sleeping pattern?
With response options of 0 ‘not at all’, 5 ‘somewhat’,

Table 2 Outcome definitions for office, white coat, masked and nocturnal hypertension

Office BP
Outcome Attended Unattended Awake BP Sleep BP*
measurements measurements
Office hypertension SBP>130mm Hg or SBP>130mm Hg or T N/A T N/A
DBP>80mm Hg DBP>80mm Hg
White coat SBP>130mm Hg or SBP>130mm Hg or and SBP<130mm ¢ N/A
hypertension DBP>80mm Hg DBP>80mm Hg Hg and
DBP<80mm Hg
Masked SBP<130mm Hg and SBP< 130mm Hg and and SBP>130mm ¢ N/A
hypertension DBP<80mm Hg DBP< 80mm Hg Hg or
DBP>80 mm Hg
Nocturnal N/A N/A T N/A T SBP > 110mm
hypertension Hg or
DBP > 65mm
Hg

*The same threshold is used for ambulatory blood pressure monitoring and home blood pressure monitoring.

TNo conjunction (and/or).

BP, blood pressure; DBP, diastolic blood pressure; N/A, not applicable; SBP, systolic blood pressure.
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10 ‘extremely’). The remaining seven questions have
response options of ‘yes’ or ‘no’ (eg, ‘did you experience
pain from wearing the monitor?’).

Definition of complete BP assessments

We will define a complete office BP assessment by three
unattended and three attended office SBP and DBP
measurements at visits 1 and 2. We will require 70% of
planned SBP and DBP readings (n=34or more of 48
readings) and 20+ awake SBP and DBP readings, and 7+
sleep SBP and DBP readings for an ABPM assessment to
be considered complete. We will require two or three
SBP and DBP readings for a sleep HBPM recording to be
complete.

Statistical analysis

A statistician masked to participants’ randomisation
assignments will analyse the data using uninformative
codes to represent randomisation assignments. Assign-
ments will be unmasked only after completion of the
statistical analyses. Our primary approach to missing data
is to collect complete data. We will examine missing data
and use multiple imputation, as appropriate. Character-
istics of participants at study visit 1 will be summarised by
randomisation assignment.

For aim 1, scatterplots will be assembled to show the
relation between unattended office SBP, attended office
SBP and awake SBP assessed by ABPM. For each pair
of SBP measures, intraclass correlation coefficients will
be calculated. The statistical significance of the differ-
ence in the correlation coefficients will be calculated
using the Fisher r-to-z transformation accounting for the
correlation between SBP measures. We will also generate
Bland-Altman plots showing the differences between
unattended and attended SBP, separately, versus awake
SBP assessed by ABPM. The absolute differences of mean
attended office SBP and unattended office SBP from
awake SBP assessed by ABPM will be calculated. Next, we
will determine whether the absolute difference between
unattended office SBP and awake SBP is different than
the absolute difference between attended office SBP
and awake SBP by calculating if the difference in differ-
ences (ie, absolute difference of unattended office SBP
minus awake SBP minus absolute difference of attended
office SBP minus awake SBP) is different than zero using
a multilevel mixed models. Next, a two-way ANOVA
will be conducted treating SBP as a repeated measures
outcome, with indicator variables for (1) whether SBP
was measured unattended versus attended, (2) visit and
(3) the order effect. These analyses will be repeated for
DBP. The overall agreement and agreement above that
expected by chance (ie, the Kappa statistic) will be calcu-
lated between (1) attended and unattended office hyper-
tension, (2) attended office hypertension and awake
hypertension and (3) unattended office hypertension
and awake hypertension.

For aim 2, we will calculate the mean sleep SBP and DBP
assessed by HBPM and ABPM, separately. The statistical

significance of differences in mean sleep SBP and DBP
assessed by HBPM versus ABPM will be determined using
multilevel mixed models. In addition, the mean absolute
differences between SBP and DBP, separately, assessed by
HBPM versus ABPM will be reported and a Bland-Altman
plot generated. We will also calculate the overall agree-
ment and Kappa statistic between nocturnal hypertension
when sleep BP is assessed by HBPM and ABPM. We will
report tolerability scores for ABPM and HBPM, sepa-
rately, and test for differences in mean tolerability using
multilevel mixed models.

For aim 3, we will calculate the correlation coefficients
for attended and unattended office SBP and DBP, awake
SBP and DBP and sleep SBP and DBP assessed by ABPM
and HBPM with LVMI. The association between each BP
measure and LVMI will be estimated using linear regres-
sion. An initial model will include adjustment for age,
race/ethnicity, sex and study site (UAB or CUIMC). A
second model will include further adjustment for educa-
tion, body mass index, smoking, physical activity, alcohol
consumption, sleep quality, diabetes, estimated glomer-
ular filtration rate and 10-year predicted atherosclerotic
cardiovascular disease risk. We will also model the associ-
ation of each BP measure with the outcome of LVH using
Poisson regression with the same covariates as mentioned
above. The correlation coefficients and regression
models for each BP measure will also be generated for
the outcomes of albumin-to-creatinine ratio as a contin-
uous outcome and albuminuria as a binary outcome. The
statistical significance of the difference in the correlation
coefficients will be calculated using the Fisher r-to-z trans-
formation and test for dependent correlations.?' **

Sample size estimation

Sample size and minimum detectable difference calcula-
tions were based on 80% statistical power and a two-sided
alpha level of 5%. Based on the results of these calcula-
tions as described below, we plan to enrol 630 participants
in the proposed study and the detectable differences
assume that 600 (~95%) participants will have complete
data. Estimates of complete data are based on our prior
studies.” * For aim 1, we will have 80% statistical power
to detect a difference between the absolute value of the
difference between unattended office SBP and awake
SBP on ABPM versus the absolute value of the difference
between attended office SBP and awake SBP on ABPM of
1.5 and 1.2mm Hg assuming an SD of 15 mm Hg for each
SBP measurement and correlations between the two SBP
measures of 0.5 and 0.7, respectively.”’ ™ For DBP and
assuming an SD of 10mm Hg, the detectable difference
is 1.3mm Hg and 1.1mm Hg for correlations between
the two DBP measures of 0.5 and 0.7, respectively. In a
subgroup of 160 participants (eg, race subgroups) and
correlations of 0.5 and 0.7, we can detect an absolute
difference with awake BP assessed by ABPM and unat-
tended versus attended clinic BP of 3.1 and 2.4mm Hg
for SBP and 2.7mm Hg and 2.2 for DBP. For aim 2, we
assumed an SD of sleep SBP of 15mm Hg and sleep DBP
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Table 3 Minimal detectable correlation coefficients
between blood pressure measurements and LVMI

Correlation coefficient between

Correlation between BP measurements and LVMI

BP measurements* 0.30 0.50 0.60
Minimal detectable difference
0.5 (N=600) 0.11 0.09 0.08
0.7 (N=600) 0.08 0.07 0.07
0.5 (N=160) 0.18 0.15 0.13
0.7 (N=160) 0.14 0.12 0.11

80% power; two-tailed 0=0.05.

*BP measurements could include attended and unattended
systolic BP or sleep systolic BP on ambulatory BP monitoring and
home BP monitoring.

BP, blood pressure; LVMI, left ventricular mass index.

of 10mm Hg on ABPM and HBPM, a correlation between
sleep SBP (alternatively, DBP) on ABPM with HBPM of
0.5.% Under these assumptions, we will have 80% statis-
tical power to detect an absolute mean difference equal to
or greater than 2.1 mm Hg for SBP or 1.4 mm Hg for DBP
comparing sleep BP assessed by ABPM versus HBPM. For
aim 3, the minimum detectable difference in correlation
coefficients depends on the correlation between attended
and unattended office BP and the correlation of attended
office BP with LVMI, as displayed in table 3.

Ethics and dissemination

Informed consent

Each individual who expresses interest in participating in
the study receives information about its aims and proce-
dures. They are being informed of the associated risks and
the freedom to withdraw at any time. We are obtaining a
signature from each individual on an informed consent
document and HIPAA forms prior to initiating any study
procedures. A research coordinator is cosigning the
informed consent document.

Ethics review and dissemination

This study is being conducted in compliance with the
UAB and the CUIMC Institutional Review Boards. Results
of the study will be disseminated at scientific meetings
and in peer-reviewed scientific journals.

Additional potential limitations of the study design

A potential limitation includes the exclusion of indi-
viduals taking antihypertensive medication. Although
ABPM can also be used to monitor on-treatment BP
for people with hypertension and who are taking anti-
hypertensive medication, this is a less common recom-
mendation. Another potential limitation is that ABPM
instead of HBPM is assumed to be a reference standard
for measuring awake BP. We have chosen to use ABPM
rather than HBPM to assess awake BP because it is widely
considered the reference standard for out-of-office BP

assessment and confirming hypertension status. Further,
conducting HBPM to assess awake BP was not practical
for the proposed study because it requires up to 7 days of
measurements, which will confound the ability to assess
the tolerability of the HBPM device for assessing sleep BP,
based on a single night.

Author affiliations

'Department of Medicine, Columbia University Irving Medical Center, New York, New
York, USA

%Epidemiology, The University of Alabama at Birmingham School of Public Health,
Birmingham, Alabama, USA

SMedicine, Cardiovascular Disease, University of Alabama at Birmingham,
Birmingham, Alabama, USA

4Department of Medicine, Columbia University, New York, New York, USA
SDepartment of Psychiatry and Behavioral Sciences, Stony Brook University, Stony
Brook, New York, USA

®Department of Biostatistics and Data Science, Wake Forest University School of
Medicine, Winston-Salem, North Carolina, USA

"Department of Epidemiology, University of Alabama at Birmingham, Birmingham,
Alabama, USA

®Department of Medicine, University of Alabama at Birmingham, Birmingham,
Alabama, USA

°Epidemiology, University of Alabama at Birmingham, Birmingham, Alabama, USA

Contributors MC: wrote the manuscript. DH: wrote the manuscript. SO: contributed
to the discussion and reviewed/edited the manuscript. JES: contributed to the
discussion and reviewed/edited the manuscript. BJ: contributed to the discussion
and reviewed/edited the manuscript. STH: contributed to the discussion and
reviewed/edited the manuscript. JM: contributed to the discussion and reviewed/
edited the manuscript. LC: contributed to the discussion and reviewed/edited the
manuscript. PM: contributed to the discussion and reviewed/edited the manuscript.
DS: contributed to the discussion and reviewed/edited the manuscript.

Funding This work was supported by the National Institutes of Health—National
Heart, Lung, and Blood Institute (NIH-NHLBI) grant number 5R01HL139716. NIH-
NHLBI was not involved in the study design; collection, management, analysis, and
interpretation of data; writing of the report; or the decision to submit the report for
publication.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. This
is not a clinical trial therefore no data will be shared except with sponsors as
requested.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Demetria Hubbard http://orcid.org/0000-0002-9165-1874

REFERENCES

1 Forouzanfar MH, Liu P, Roth GA, et al. Global burden of hypertension
and systolic blood pressure of at least 110 to 115 MM Hg, 1990-
2015. JAMA 2017;317:165-82.

2 Clark D, Min Y-I, Min Y-I, et al. Population-attributable risk for
cardiovascular disease associated with hypertension in black adults.
JAMA Cardiol 2019;4:1194-202.

3 Muntner P, Shimbo D, Carey RM, et al. Measurement of blood
pressure in humans: a scientific statement from the American heart
association. Hypertension 2019;73:e35-66.

Cepeda M, et al. BMJ Open 2022;12:¢058140. doi:10.1136/bmjopen-2021-058140

"ybuAdoo Aq paroslold 1senb Aq €202 ‘Tz Jequiaidas uo jwod fwg uadolway/:dny wouy papeojumoq "Z2z0ogz aunt 9 uo OyT8S0-TZ02-uadolwa/oeTT 0T Se paysignd isii :uado rINg


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-9165-1874
http://dx.doi.org/10.1001/jama.2016.19043
http://dx.doi.org/10.1001/jamacardio.2019.3773
http://dx.doi.org/10.1161/HYP.0000000000000087
http://bmjopen.bmj.com/

4

10

20

Whelton PK, Carey RM, Aronow WS. ACC/AHA/AAPA/ABC/ACPM/
AGS/APhA/ASH/ASPC/NMA/PCNA guideline for the prevention,
detection, evaluation, and management of high blood pressure in
adults: executive summary: a report of the American College of
Cardiology/American heart association task force on clinical practice
guidelines. J Am Coll Cardiol 2018;15;71:2199-269.

Krist AH, Davidson KW, et al, US Preventive Services Task Force.
Screening for hypertension in adults: US preventive services

task force reaffirmation recommendation statement. JAMA
2021;325:1650-6.

Krist AH, Davidson KW, US Preventive Services Task Force.
Screening for hypertension in adults: US preventive services task
force reaffirmation recommendation statement. JAMA 2021;325:1-16
Muntner P, Shimbo D, Carey RM, et al. Measurement of blood
pressure in humans: a scientific statement from the American heart
association. Hypertension 2019;73:e35-66.

Shimbo D, Abdalla M, Falzon L, et al. Role of ambulatory and home
blood pressure monitoring in clinical practice. Ann Intern Med
2015;163:691-700.

Guirguis-Blake JM, Evans CV, Webber EM. Screening for
hypertension in adults: updated evidence report and systematic
review for the US preventive services task force. JAMA
2021;325:1-6.

Yano Y, Tanner RM, Sakhuja S, et al. Association of daytime and
nighttime blood pressure with cardiovascular disease events among
African American individuals. JAMA Cardliol 2019;4:910-7.

Yang WY, Melgarejo JD, Thijs L. International database on
ambulatory blood pressure in relation to cardiovascular outcomes
(IDACO) Investigators. association of office and ambulatory blood
pressure with mortality and cardiovascular outcomes. JAMA
2019;322:409-20.

Shimbo D, Kent ST, Diaz KM, et al. The use of ambulatory blood
pressure monitoring among medicare beneficiaries in 2007-2010. J
Am Soc Hypertens 2014;8:891-7.

Kronish IM, Kent ST, Moise N. Barriers to conducting ambulatory
and home blood pressure monitoring during hypertension screening:
the primary care provider’s perspective. J Am Soc Hypertens
2017;11:573-80.

Viera AJ, Lingley K, Hinderliter AL. Tolerability of the oscar 2
ambulatory blood pressure monitor among research participants: a
cross-sectional repeated measures study. BMC Med Res Methodol
2011;11:59.

Myers MG, Godwin M, Dawes M, et al. Conventional versus
automated measurement of blood pressure in primary care patients
with systolic hypertension: randomised parallel design controlled
trial. Bmj 2011;342:d286.

Myers MG, Valdivieso M, Kiss A. Use of automated office blood
pressure measurement to reduce the white coat response. J
Hypertens 2009;27:280-6.

Pappaccogli M, Di Monaco S, Perlo E, et al. Comparison of
automated office blood pressure with office and out-off-office
measurement techniques. Hypertension 2019;73:481-90.

Pickering TG, Miller NH, Ogedegbe G, et al. Call to action on use
and reimbursement for home blood pressure monitoring: executive
summary: a joint scientific statement from the American heart
association, American Society of hypertension, and preventive
cardiovascular nurses association. Hypertension 2008;52:1-9.
Columbia recruitme website, 2020. Available: <https://recruit.cumc.
columbia.edu/>

Stergiou GS, Giovas PP, Gkinos CP, et al. Validation of the microlife
watch BP home device for self home blood pressure measurement

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

according to the International protocol. Blood Press Monit
2007;12:185-8.

Lang RM, Badano LP, Mor-Avi V, et al. Recommendations for cardiac
chamber quantification by echocardiography in adults: an update
from the American society of echocardiography and the European
association of cardiovascular imaging. Eur Heart J Cardiovasc
Imaging 2015;16:233-71.

Booth JN, Diaz KM, Seals SR, et al. Masked hypertension and
cardiovascular disease events in a prospective cohort of blacks: the
Jackson heart study. Hypertension 2016;68:501-10.

Peacock J, Diaz KM, Viera AJ, et al. Unmasking masked
hypertension: prevalence, clinical implications, diagnosis, correlates
and future directions. J Hum Hypertens 2014;28:521-8.

Bobrie G, Clerson P, Ménard J, et al. Masked hypertension: a
systematic review. J Hypertens 2008;26:1715-25.

Ogedegbe G, Spruill TM, Sarpong DF, et al. Correlates of isolated
nocturnal hypertension and target organ damage in a population-
based cohort of African Americans: the Jackson heart study. Am J
Hypertens 2013;26:1011-6.

Yano Y, Kario K. Nocturnal blood pressure and cardiovascular
disease: a review of recent advances. Hypertens Res
2012;35:695-701.

Salles GF, Reboldi G, Fagard RH, et al. Prognostic effect of the
nocturnal blood pressure fall in hypertensive patients: the ambulatory
blood pressure collaboration in patients with hypertension (ABC-H)
meta-analysis. Hypertension 2016;67:693-700.

Fisher RA. Frequency distribution of the values of the correlation
coefficient in samples from an Indefinitely large population.
Biometrika 1915;10:507-21.

Schwartz JE, Muntner P, Kronish IM, et al. Reliability of

office, home, and ambulatory Blood Pressure measurements

and correlation with left ventricular mass. J Am Coll Cardiol
2020;76:2911-22.

Schwartz JE, Burg MM, Shimbo D, et al. Clinic blood pressure
underestimates ambulatory blood pressure in an untreated employer-
based US population: results from the masked hypertension study.
Circulation 2016;134:1794-807.

Booth JN, Anstey DE, Bello NA, et al. Race and sex differences in
asleep blood pressure: the coronary artery risk development in young
adults (cardia) study. J Clin Hypertens 2019;21:184-92.

Thomas SJ, Booth JN, Bromfield SG, et al. Clinic and ambulatory
blood pressure in a population-based sample of African
Americans: the Jackson heart study. J Am Soc Hypertens
2017;11:204-12.

Muntner P, Abdalla M, Correa A, et al. Hypertension in blacks:
unanswered questions and future directions for the JHS (Jackson
heart study). Hypertension 2017;69:761-9.

Poudel B, Booth JN, Sakhuja S, et al. Prevalence of ambulatory
blood pressure phenotypes using the 2017 American College of
Cardiology/American heart association blood pressure guideline
thresholds: data from the coronary artery risk development in young
adults study. J Hypertens 2019;37:1401-10.

Cardia website, 2015. Available: <https://www.cardia.dopm.uab.edu/
images/more/pdf/MooY30/chapter16.pdf>

Kollias A, Ntineri A, Stergiou GS. Association of night-time home
blood pressure with night-time ambulatory blood pressure and
target-organ damage: a systematic review and meta-analysis. J
Hypertens 2017;35:442-52.

Pickering TG. The ninth sir George Pickering memorial lecture
ambulatory monitoring and the definition of hypertension. J
Hypertens 1992;10:401-9.

Cepeda M, et al. BMJ Open 2022;12:¢058140. doi:10.1136/bmjopen-2021-058140

"ybuAdoo Aq paroslold 1senb Aq €202 ‘Tz Jequiardas uo jwod fwg uadolway/:dny wouy papeojumoq "Z2z0oz aunt 9 uo OyT8S0-TZ0Z-uadolwa/oeTT 0T Se paysignd isii :uado rINg


http://dx.doi.org/10.1161/HYP.0000000000000066
http://dx.doi.org/10.1001/jama.2021.4987
http://dx.doi.org/10.1001/jama.2021.4987
http://dx.doi.org/10.1161/HYP.0000000000000087
http://dx.doi.org/10.7326/M15-1270
http://dx.doi.org/10.1001/jama.2020.21669
http://dx.doi.org/10.1001/jamacardio.2019.2845
http://dx.doi.org/10.1001/jama.2019.9811
http://dx.doi.org/10.1016/j.jash.2014.09.015
http://dx.doi.org/10.1016/j.jash.2014.09.015
http://dx.doi.org/10.1016/j.jash.2017.06.012
http://dx.doi.org/10.1186/1471-2288-11-59
http://dx.doi.org/10.1136/bmj.d286
http://dx.doi.org/10.1097/HJH.0b013e32831b9e6b
http://dx.doi.org/10.1097/HJH.0b013e32831b9e6b
http://dx.doi.org/10.1161/HYPERTENSIONAHA.118.12079
http://dx.doi.org/10.1161/HYPERTENSIONAHA.107.189011
<https://recruit.cumc.columbia.edu/>
<https://recruit.cumc.columbia.edu/>
http://dx.doi.org/10.1097/MBP.0b013e3280b083ce
http://dx.doi.org/10.1093/ehjci/jev014
http://dx.doi.org/10.1093/ehjci/jev014
http://dx.doi.org/10.1161/HYPERTENSIONAHA.116.07553
http://dx.doi.org/10.1038/jhh.2014.9
http://dx.doi.org/10.1097/HJH.0b013e3282fbcedf
http://dx.doi.org/10.1093/ajh/hpt064
http://dx.doi.org/10.1093/ajh/hpt064
http://dx.doi.org/10.1038/hr.2012.26
http://dx.doi.org/10.1161/HYPERTENSIONAHA.115.06981
http://dx.doi.org/10.2307/2331838
http://dx.doi.org/10.1016/j.jacc.2020.10.039
http://dx.doi.org/10.1161/CIRCULATIONAHA.116.023404
http://dx.doi.org/10.1111/jch.13474
http://dx.doi.org/10.1016/j.jash.2017.02.001
http://dx.doi.org/10.1161/HYPERTENSIONAHA.117.09061
http://dx.doi.org/10.1097/HJH.0000000000002055
<https://www.cardia.dopm.uab.edu/images/more/pdf/MooY30/chapter16.pdf>
<https://www.cardia.dopm.uab.edu/images/more/pdf/MooY30/chapter16.pdf>
http://dx.doi.org/10.1097/HJH.0000000000001189
http://dx.doi.org/10.1097/HJH.0000000000001189
http://dx.doi.org/10.1097/00004872-199205000-00001
http://dx.doi.org/10.1097/00004872-199205000-00001
http://bmjopen.bmj.com/

	Evaluating novel approaches for estimating awake and sleep blood pressure: design of the Better BP Study – a randomised, crossover trial
	Abstract
	Introduction﻿﻿
	Objectives
	Methods
	Brief study overview

	Participants
	Recruitment and enrolment
	Procedures
	Office BP measurements
	ABPM and HBPM
	Actigraphy
	Blood and urine collection
	Echocardiogram
	Other covariates

	Outcomes
	BP measures
	Office hypertension and BP phenotypes
	Echocardiographic and other measures
	Tolerability of ABPM and HBPM
	Definition of complete BP assessments

	Statistical analysis
	Sample size estimation

	Ethics and dissemination
	Informed consent
	Ethics review and dissemination

	Additional potential limitations of the study design

	References


