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BACKGROUND: Hypertensive pregnancy disorders are associated with long-term adverse cardiac and vascular remodeling post
index pregnancy. The POP-HT trial (Physician Optimised Postpartum Hypertension Treatment) demonstrated that improved
puerperal blood pressure control leads to reduced blood pressure and beneficial cardiac remodeling during the first year
postpartum. This study describes the impact on postpartum vascular remodeling.

METHODS: A prospective, randomized, open-label, blinded end point trial in a single UK hospital where 220 women were
assigned 1:1 to intervention (self-management via physician-guided antihypertensive titration) or control (usual postnatal
care via primary care doctortmidwife). Eligible participants were >18 years, with preeclampsia or gestational hypertension
and requiring antihypertensives on discharge. Prespecified secondary vascular outcomes included aortic blood pressure and
pulse wave velocity measured by Vicorder at baseline and 9 months postpartum, and additional cardiovascular magnetic
resonance measures of aortic distensibility were performed.

RESULTS: There were no baseline differences in aortic blood pressure or pulse wave velocity but by 9 months postpartum,
aortic diastolic blood pressure was —5.2 mmHg lower ([95% Cl,—8.0 to —2.2]; A/<0.001), and pulse wave velocity was —0.71
m/s lower ([95% Cl, —1.42 to —0.06]; P=0.048) in the intervention arm compared with the control arm, which corresponded
with greater aortic distensibility by 0.78x10= mmHg~" ([95% Cl, 0.01 to 1.55]; P=0.046).

CONCLUSIONS: Postpartum blood pressure self-monitoring combined with physician-guided medication titration is associated
with reduced central arterial stiffness during the first year after a hypertensive pregnancy, in addition to the previously
demonstrated effects on blood pressure and cardiac remodeling.

REGISTRATION: URL: https://www.clinicaltrials.gov; Unique identifier: NCT04273854. (Hypertension. 2025;82:1938-1947.
DOI: 10.1161/HYPERTENSIONAHA.125.24854.) « Supplement Material.
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umerous studies have highlighted microvascula-  that arterial stiffness,® measured by pulse wave veloc-
N‘[ure,1 conduit? and large vessel remodeling™* in ity (PWV), is elevated 2 years after a hypertensive preg-
women who have had a hypertensive pregnancy in ~ nancy, and we previously reported aortic compliance is
the years after pregnancy. A meta-analysis demonstrated lower up to 10 years later.! Adverse vascular phenotypes
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The POP-HT Vascular Imaging Substudy

NOVELTY AND RELEVANCE

What Is New?

The POP-HT (Physician Optimised Postpartum Hyper-
tension Treatment) vascular substudy used multiple
measures of aortic stiffness, including measures of
aortic blood pressure and pulse wave velocity, as well
as aortic magnetic resonance assessment of aortic
distensibility, to demonstrate that blood pressure self-
management in the postpartum period is associated with
improved vascular measures at 9 months postpartum.

What Is Relevant?

In addition to previously reported improvements in
blood pressure and cardiac remodeling, this study
now demonstrates that remote telemonitored self-
management of blood pressure postpartum has addi-
tional beneficial effects on central arterial stiffness
after hypertensive pregnancies.

What Are The Clinical Implications?

Given the association of aortic stiffness with an
increase in long-term cardiovascular risk and adverse
cardiovascular outcomes, including stroke and heart
attack, this data provides further evidence that inter-
ventions in the postpartum period may be important
to reduce the long-term known cardiovascular risks in
the large cohort of women affected by hypertensive
pregnancy.

Nonstandard Abbreviations and Acronyms

BMI body mass index

BP blood pressure

CMR cardiac magnetic resonance
POP-HT  Physician Optimised Postpartum

Hypertension Treatment

PROBE  Prospective Randomized, Open, Blinded
End-Point

PWV pulse wave velocity

VAl visit 1

v4 visit 4

such as these predict worse longer-term outcomes, such
as stroke®” and a greater incidence of earlier onset heart
failure,® which are known to be more common in women
who have had hypertensive pregnancies compared with
normotensive pregnancy.® Whether these vascular differ-
ences reflect changes that were already present before
pregnancy or develop, or worsen, during pregnancy
remains unclear. However, during both hypertensive and
normotensive pregnancies, hemodynamic and hormonal
changes lead to extensive vascular remodeling. These
changes then need to reverse to prepregnancy patterns
during the postpartum period.®

Blood pressure levels immediately postpartum are
often rapid and unpredictable and typically remain at
higher levels for several weeks after a hypertensive
pregnancy compared with after a normotensive preg-
nancy®'® We hypothesized that poor blood pressure
control after a hypertensive pregnancy might limit normal
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postpartum vascular reverse remodeling and that this
may contribute to persistent abnormalities in vascular
responses.''™'* In the POP-HT (Physician Optimised
Postpartum Hypertension Treatment) randomized clinical
trial, we demonstrated that physician-guided antihyper-
tensive self-management after hypertensive pregnancy
results in lower blood pressure for at least 9 months
postpartum.’® Participants also underwent multimodality
imaging to investigate prespecified secondary imaging
outcomes to test the mechanistic hypothesis that blood
pressure improvements associate with beneficial cardiac
and vascular remodeling. We have previously reported
beneficial changes in cardiac parameters,’® and now we
present the vascular outcome measures.

METHODS

Data Availability

The data that support the findings of this study are available
from the chief investigator (PL.), on reasonable request, subject
to the approval of the sponsor (University of Oxford) and the
trial steering committee.

Study Design and Participants

POP-HT was a single-center, 2-group parallel, PROBE
study (Prospective Randomized, Open, Blinded End-Point).
Detailed descriptions of the methodology, including recruit-
ment, patient characteristics, and statistical analysis, and
prespecified outcome measures, including the secondary
imaging have previously been published.'®'” In brief, all par-
ticipants were recruited from the Women's Centre at Oxford
University Hospitals National Health Service Foundation Trust
in the United Kingdom. Participants were aged >18 years, with
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a clinician-confirmed diagnosis of either gestational hyper-
tension or preeclampsia according to UK National Institute
for Health and Care Excellence guidance,'? and still required
antihypertensive medication at the time of hospital discharge.
Participants with chronic/essential hypertension, defined as
a blood pressure >140/90 mmHg at their 12-week booking
assessment, or those already on antihypertensive treatment
before pregnancy, were excluded.

Participant information on race and ethnicity was self-
reported using the UK Office of National Statistics prespecified
categories (people and places: ethnicity and race—content style
guide—service manual-Office for National Statistics). Individuals
with: hypertension before pregnancy, medical conditions that
made self-monitoring impractical or unsafe, those unable to
follow the English POP-HT study application (app)-based
instructions, and those unable to provide written consent were
excluded. The trial was supervised by a trial steering and data
safety monitoring committee. Ethical and research governance
approvals were gained from the London-Surrey Research Ethics
Committee (Reference 19/L0/1901, Integrated Research
Approval System Project ID: 273353) and the local hospital trust.

Randomization and Blinding

After a baseline visit, eligible participants were randomized 1:1
to either telemonitored home blood pressure monitoring with
physician-assisted self-management, or standard National
Health Service—led care from their obstetric team, primary care
practitioner, and midwives. Randomization was conducted with
secure web-based software (Castor Electronic Data Capture)
with minimization for gestational age, whether the patient had
a diagnosis of preeclampsia or gestational hypertension, and
prescription of an angiotensin-converting enzyme (ACE) inhibi-
tor at the time of randomization. Due to the nature of the inter-
vention, participants could not be blinded to group assignment,
but given this was a PROBE study, investigators were blinded
to group assignment during data analysis.

The POP-HT Vascular Imaging Substudy

Intervention and Study Visits

Participants assigned to the usual care arm were discharged
from the hospital for ongoing management according to local
standard care. National UK guidance recommends standard
care as a minimum of a blood pressure review with a primary
care practitioner or community midwife at day 1 to 14 postpar-
tum, a 2-week review with their family physician, and a 6 to 8
week review with their family physician or specialist.™ Titration
of antihypertensive treatment was at the discretion of their
supervising healthcare professionals (primary care physician
and midwife). Participants in the intervention group had initial
discharge medications decided by their clinical care team,'? and
then dose titration after hospital discharge was guided remotely
by the research team physicians, including cardiologists and
obstetricians, in response to daily self-monitored blood pressure
measurements (increased to twice daily if out of target range;
see published protocol paper for further details).'®'” Choice
of medication and titration regimes was standardized based
on recommendations from the 2019 UK National Institute for
Health and Care Excellence guidance for management of preg-
nancy hypertension.'? There were 4 study visits after prescreen-
ing enrollment, occurring at days 1 to 6 postpartum (visit 1 [V1];
baseline), 1 week (visit 2), 6 weeks (visit 3), and 6 to 9 months
(visit 4 [V4]). This is summarized in Figure 1.

Outcome Measures

Aortic Blood Pressure and PWV

Participants in both groups had research measurements of
clinic blood pressure at each study visit, and the primary out-
come of the trial was 24-hour mean diastolic blood pressure,
measured by ambulatory blood pressure monitoring (model
90217; Spacelabs Healthcare, Snoqualmie) at the time of
the final study visit (V4)."® All participants were also invited
to have a noninvasive Vicorder assessment of aortic blood
pressure, and PWV (m/s; Skidmore Medical, United Kingdom)

Visit 1 Visit 2 Visit 3 24 hour Visit 4
Baseline 1 Week 6 Weeks g 6-9 Months - T
- ~ z 24 hour
h N ./_z.l,_ll
—
J \ J ¢ J J
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Figure 1. Flow diagram of study visits from baseline visit (visit 1 [V1]) to final study visit (visit 4 [V4]).

V1/baseline visit took place on postnatal ward at D1—D5 postpartum and included transthoracic echocardiogram, Vicorder assessment of
aortic blood pressure, pulse wave velocity and augmentation index, peripheral blood pressure measurement, and anthropometric measures,

as well as documentation of relevant obstetric and medical history, medications, and blood and urine results. Visit 2 took place at week 1+5
days postpartum and included an update of the medical and obstetric history, medication doses and any side effects, any new investigations/
admissions, and measurement of peripheral blood pressure using a validated, calibrated monitor. Visit 3 took place at week 6+5 days
postpartum and included an update of the medical and obstetric history, medication doses and any side-effects, any new investigations/
admissions, and measurement of peripheral blood pressure using a validated, calibrated monitor, and a 24-hour ambulatory blood pressure
monitoring was fitted and posted back to the study site for analysis. V4/Final study visit took place at ¥9 months postpartum (249.8 days [14.6]
in intervention arm vs 247.9 days [17.1] in the control arm) and included all measures performed at V1 plus magnetic resonance imaging of
brain, heart, kidneys and aorta, retinal imaging, repeated blood sampling for lipid and sugar metabolism and assessment of renal function and a
cardiopulmonary exercise test and bicycle exercise echocardiogram. Created in BioRender. Leeson, P. (2025) https://BioRender.com/4d0xcpu.
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at baseline (V1) while on the postnatal ward.'” Brachial and
femoral cuffs were fitted (a known measured distance apart)
and connected to an oscillometric device (Vicorder). The cuffs
were then partially inflated and used to detect pulse arrival
and thus derive PWV based on the distance between cuffs.
Brachial artery pressure waveform was also used to derive
estimates of central blood pressure and augmentation index.
Measurements were performed in a standardized way with
the participant reclined to a supine position in electronic hos-
pital beds. Participants were also offered the same Vicorder
protocol when attending their final study visit (V4) in the
Cardiovascular Clinical Research Facility at the John Radcliffe
Hospital, Oxford, United Kingdom.

Aortic Distensibility

A separate, prespecified cardiovascular magnetic resonance
(CMR) study was also offered to participants at V4. This, in
addition to previously reported cardiac outcomes,'® included
images of their ascending aorta at the main pulmonary artery
level. Scans were performed in the Oxford Centre for Clinical
Magnetic Resonance Research using an 18-channel body coil
and spine array using CMR (3T PRISMA MR scanner; Siemens
Healthineers, Erlangen, Germany) and previously described
techniques.” In brief, a retrospective ECG-gated balanced
steady-state free precession sequence at the end of exhalation
was used to acquire cross-sectional cine images of the tho-
racic aorta at the level of the pulmonary artery bifurcation, in the
ascending aorta. The maximal and minimal aortic areas were
measured using edge detection' within an image analysis
tool?® (developed in MATLAB, Mathworks Inc, MA) that can also
provide an automated image quality assessment of the entire
series of cine frames in the region of interest. Compliance was
calculated by dividing the change in the aortic area by minimum
aortic area. Meanwhile, distensibility was calculated by dividing
compliance by 24-hour overall average pulse pressure derived
from 24-hour ambulatory blood pressure monitoring data fit-
ted after the CMR study. Study visits were undertaken during
the COVID-19 pandemic between 2020 and 2021, and dur-
ing this time, Vicorder measures were not always available at
the time of the CMR study, which was sometimes arranged
separately from the clinical follow-up visit. To ensure consistent
measures of resting blood pressure for distensibility calcula-
tions, we therefore used 24-hour overall average ambulatory
measures. Vicorder-derived compliance measures in the subset
of participants are included in the Supplemental Material for
completeness.

Statistical Analysis
Analysis was based on the principles of intention-to-treat,
including all participants with at least 1 postrandomization out-
come. Mean differences between groups with 95% Cl and P
values were estimated from adjusted linear regression models
at a single time point (V4) with adjustment for the prespeci-
fied minimization factors stated in the statistical analysis plan.
The level of statistical significance was tested at a 5% 2-tailed
significance level (F<0.05). Differences in imaging-based sec-
ondary outcomes between groups were evaluated using an
adjusted linear regression model, including baseline postnatal
measures from V1 for Vicorder.

PWV at the final study visit (V4) was adjusted for base-
line measures and aortic diastolic blood pressure at the
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time of the final study visit. For aortic cine sequences of the
ascending aorta, no baseline (V1) measures were available.
Therefore, models were adjusted for blood pressure at the
time of the CMR study, as well as body surface area and age
at the time of the final study visit (V4). Continuous outcome
variables were normally distributed according to the Central
Limit Theorem. Assumptions of normality and constant vari-
ance in linear regression models were confirmed post hoc
using residual and other diagnostic plots and not violated.
Differences in aortic distensibility were determined by 2-
sample ttest with equal variances after confirming the normal-
ity of distribution. Sensitivity analyses were performed using
antenatal booking blood pressure in place of baseline post-
partum blood pressure, and further post hoc analyses were
done by removing those remaining on antihypertensive treat-
ment at the final study visit (V4). No adjustment was made for
multiple testing. Analysis was done using STATA Version 14.2,
(StataCorp).

RESULTS

Study Population

Demographics

Between February 21, 2020 and March 21, 2021, 220
participants were enrolled in the study, with 112 assigned
to the intervention arm and 108 to the usual care (con-
trol) arm. Of 220 participants, baseline Vicorder mea-
sures were available for 219 of 220, and 194 of the 202
still enrolled at the final follow-up visit (102 intervention;
92 standard care). The demographic characteristics of
the whole study group have been reported previously.'
Those who had assessment of vascular measures, as a
whole, and according to randomization, are presented in
Table 1.

Pregnancy Characteristics

Approximately 40% of those undergoing vascular mea-
sures had gestational hypertension, and #60% had pre-
eclampsia. As such, there was a higher number with the
preeclampsia subtype of hypertensive pregnancy. This is
consistent with the inclusion criteria of the trial requiring
ongoing antihypertensive treatment at the time of hospi-
tal discharge, and as this phenotype is often more severe,
women often required medication postnatally to control
their blood pressure. The 2 groups were similar in obstet-
ric and pregnancy characteristics at baseline (Table S1),
except a higher proportion of participants had a prior
hypertensive pregnancy in the intervention arm. Diet and
lifestyle characteristics of participants at the time of their
vascular assessment were also statistically similar by %2
analysis (Table S2).

Antihypertensive Use

Antihypertensive prescription by classes was similar in
each group (enalapril 57%, nifedipine 27%, labetalol
30% for intervention versus enalapril 43%, nifedipine
30% and labetalol 27% for usual care). At 6 weeks

November 2025 1941

(—)
=
{-1)
—
==
-
==
=
=.
()
—-—
m



https://www.ahajournals.org/doi/suppl/10.1161/HYPERTENSIONAHA.125.24854
https://www.ahajournals.org/doi/suppl/10.1161/HYPERTENSIONAHA.125.24854
https://www.ahajournals.org/doi/suppl/10.1161/HYPERTENSIONAHA.125.24854

Kitt et al The POP-HT Vascular Imaging Substudy

Table 1. Characteristics of Participants Who Had Vicorder Assessment at Baseline and V4

Parameter, unit Intervention (n=102) Usual care (n=92)

Patient characteristics

Mean age, y (SD) 33.7 (5.1) 32.8 (5.0)
Mean booking BMI, kg/m2 (SD) 28.1 (5.1) 28.7 (7.6)
Mean booking height, cm (SD) 165.5 (6.4) 164.7 (6.9)
Mean booking BSA, m2 (SD) 1.9 (0.2) 1.9 (0.2)
Mean systolic blood pressure at first antenatal visit, mmHg (SD) 118.5 (10.7) 1175 (10.6)
Mean diastolic blood pressure at first antenatal visit, mmHg (SD) 72.1 (8.7) 72.5 (8.7)
Prepregnancy smoking reported; n (%) 24 (21.8) 31 (29.0)
IMD quintile,t median (IQR) 2 (1-3) 1(1-2)
Race and ethnicity,# n (%)
Asian 10 (9.1) 8 (7.5)
Hispanic or Latino 4 (3.6) 4(3.7)
Non-Hispanic Black 6 (5.5) 4 (3.7)
Non-Hispanic White 90 (81.8) 88 (82.2)
Pacific Islander 0 (0.0) 3(2.8)

Pregnancy characteristics

Preeclampsia,§ n (%) 67 (60.9) 64 (59.8)
Gestational hypertension,§ n (%) 43 (39.1) 43 (40.2)
HELLP syndrome subset of preeclampsia,§ n (%) 5 (4.5) 1(0.9)
Median duration of antenatal antihypertensive treatment, d (IQR) 4.0 (2.0-15.8) 5.0 (1.0-18.8)
Early diagnosis of preeclampsia or gestational hypertension <33 wk | 24 (21.8) 23 (21.5)
and 6 d gestation, n (%)
Median gestation at delivery, wk (IQR) 39.2 (87.0-40.3) 39.1 (87.0-40.6)
o Primiparous, n (%) 67 (60.9) 75 (70.1)
g Previous hypertensive pregnancy, n (%) 30 (27.3) 10 (9.3)
=3
g_ Assisted reproduction pregnancy, n (%) 7 (6.4) 11 (10.3)
8 Multifetal pregnancy, n (%) 6 (5.5) 8 (7.5)
g Spontaneous vaginal birth, n (%) 42 (38.2) 33 (30.8)
= Assisted vaginal birth, n (%) 16 (14.5) 28 (26.2)
=
§ Emergency cesarean section,// n (%) 47 (42.7) 40 (37.4)
%- Elective cesarean section,// n (%) 5 (4.5) 6 (5.6)
c
;;; Fetal growth restriction,{ n (%) 25 (22.7) 28 (26.2)
g Neonatal unit admission,# n (%) 29 (26.4) 33 (30.8)
< Mean birthweight, kg (SD) 3.1 (0.8) 3.1 (0.9)
<
S Baseline visit took place between days 1 and 6 postpartum on the postnatal ward. V4 (fourth) and final study visit, which took
@) place between 6 and 12 months postpartum (mean, 268 d; 2568.9 intervention and 2574 usual care). Baseline 219 participants;
8 intervention n=111, usual care n=108; V4 194 participants; intervention n=102, usual care n=92. BMI indicates body mass
a’ index; BSA, body surface area; HELLP, Hemolysis, Elevated Liver enzymes and Low Platelets; IMD, Index of Multiple Depriva-
w tion; IOR, interquartile range; NICE, National Institute for Health and Care Excellence; and V4, visit 4.
‘S “Smoking before pregnancy for a >12-month period.
S tIMD, a measure of socioeconomic disadvantage defined in quintiles with 1 describing the least deprived and 5 the most
a1

deprived. Data from n=213 (intervention n=109, usual care n=104).

#In accordance with UK recommendations, self-reported ethnicity was recorded using standard descriptions derived from
those used by the UK Office for National Statistics.

§Classification as gestational hypertension, preeclampsia, and HELLP syndrome was based on definitions provided in the
NICE guideline (NG 133) Hypertension in pregnancy; diagnosis and management, definitions for which can be found in the
published trial protocol.

|Category of cesarean section was defined as per NICE guidance on cesarean birth (NG 192). The term elective cesarean
refers to an electively scheduled cesarean timed to suit the patient or health care provider. Emergency cesarean spans the
categories of no maternal or fetal compromise but needs early birth to immediate threat to the life of the patient or fetus.

{Fetal growth restriction, defined as fetal weight <10th percentile for gestational age.

#A neonatal unit is a part of a hospital that provides care for babies who are born prematurely (before 37 wk’ gestation) and
is used as an umbrella term here to include the neonatal intensive care unit, high dependency unit, and special care baby unit.

1942 November 2025 Hypertension. 2025;82:1938-1947. DOI: 10.1161/HYPERTENSIONAHA.126.24854



G20z ‘0g $8go100 uo Aq Bio'sfeuno feye//:dny wouy papeojumoq

Kitt et al

postpartum (visit 3), #30% of participants in each group
were still on medication, which reduced to =12% by the
final visit (V4). Participants in the intervention group
were medicated for a median of 39 days (interquartile
range, 13.9-41.5 days). Amount of antihypertensives
prescribed, defined by the median World Health Organi-
zation defined daily dose,®" was similar between groups
at the baseline visit (V1) and 9 months (V4). However, at
visit 2 (week 1), more antihypertensives were prescribed
(World Health Organization defined daily dose 1.5 versus
0.7; P=0.01) in the intervention group. The characteris-
tics of medication use in those undergoing imaging mea-
sures were similar to those observed in the whole trial
cohort (Table S3).

Aortic Blood Pressure and PWV

There were no baseline differences in Vicorder-derived
measures of aortic blood pressure or arterial function
performed on the postnatal ward at day 1 to 6 postpar-
tum. By a median of 258 days postpartum (259£7 days
for the intervention arm and 257+8 days for the usual
care arm), aortic diastolic blood pressure was a mean 5.2
mmHg lower in the intervention arm ([95% CI, —=8.0 to
2.9]; P<0.001) compared with the control group. At the
same time point, PWV adjusted for aortic diastolic blood
pressure and baseline differences was 0.71 m/s lower
([95% ClI, —1.4 to —0.006]; P=0.048) in the intervention
group compared with control There was no significant
difference in aortic systolic blood pressure or augmenta-
tion index as shown in Table 2 and Figure 2 (mean differ-
ence, —2.08 mmHg [95% ClI, —5.77 to 1.66]; P=0.26).

The POP-HT Vascular Imaging Substudy

Magnetic Resonance Imaging of the Ascending
Aorta

CMR scans were obtained in 174 participants at V4, of
which 93 were in the intervention group and 81 in the
usual care group. Demographics of all participants ran-
domized in the subgroup who had CMR-derived aortic
distensibility measures are presented in Table S1 and
are similar to those presented in Table 1. High-quality
CMR-derived aortic distensibility scans were acquired
in 145 participants (80 intervention, 65 control). The
remainder were rejected by automated assessment
of the cine image quality at the level of the ascending
aorta, which was confirmed by visual review (L. Biasiolli).
Reasons for exclusion included severe imaging artifacts
(due to patient movement/breathing, as well as artifacts
from breast implants), off-plane sequences, or an inad-
equate number of cine frames being acquired during the
breath-hold. The results demonstrate a greater aortic
distensibility within the intervention group compared with
the control group, when adjusted for age and body sur-
face area at the time of the CMR scan,?® of 0.78x1073
mmHg~ ([95% CI, 0.01x10° to 1.65x10-%]; P=0.046;
Figure 2).

Additional Analyses

Unadjusted PWV and aortic distensibility differences are
reported in Table S4. Additional post hoc sensitivity anal-
yses were performed to investigate the relevance of anti-
hypertensive treatment at the time of V4. Results after
exclusion of the 24 participants still on blood pressure—
lowering medication at the time of their CMR (n=16in the

Table 2. Aortic (Vascular) Remodeling Data From the POP-HT Randomized Trial

Intervention

Usual care Adjusted regression coefficients

Baseline;*

Parameter mean (SD) (SD)

V4,1 mean

Baseline; V4, mean

mean (SD) (SD) Difference | 95% Cl$ P value

Vicorder parameters§

Aortic SBP, mmHg 134.5 (15.4) 124 (12.5) 133.7 (13.8) 125.9 (13.6) | —2.08 —5.77-1.66 0.26
Aortic DBP, mmHg 76.4 (10.1) 70.9 (9.7) 74.5 (10) 76.05 (9.8) —5.19 —7.96 to —2.42% | <0.001
Augmentation index, % 27.6 (10) 6.72 (6.5) 26.1 (11) 748 (7.3) —0.74 —2.82t0 1.10 0.45
PWV, m/s 11.785 (2.1) 12.7 (2.51) | 11.434 (2) 13.3 (2.6) —0.71 —1.42 to —0.06* | 0.048

Aortic distensibility (assessed by cardiac magnetic resonance imaging of the ascending aorta at ¥9 months postpartum // 1)
710 (2.35) | N/A 6.43 (2.28) 0.68
710 (2.35) | N/A 6.43 (2.28) 0.78

Aortic distensibility (102 mmHg™), unadjusted | N/A
Aortic distensibility (10~ mmHg™), adjusted| N/A

—0.09 to 1.45 0.083

0.01 to 1.55% 0.046

Parametric: mean (SD). BP indicates blood pressure; BSA, body surface area; DBP, diastolic blood pressure; N/A, values were not available, as cardiac magnetic
resonance imaging of the ascending aorta was not performed at the initial baseline visit (Visit 1); POP-HT, Physician Optimised Postpartum Hypertension Treatment;
PWV, pulse wave velocity; SBP, systolic blood pressure; and V4, visit 4.

“Baseline visit took place between days 1 and 6 postpartum on the postnatal ward.

tV4 (fourth) and final study visit, which took place between 6 and 12 months postpartum (mean, 268 days; 258.9 intervention and 257.4 usual care).

§Baseline 219 participants; intervention n=111, usual care n=108; V4 194 participants; intervention n=102, usual care n=92. Linear regression models on the
Vicorder data were performed on Vicorder measures from V4 with Vicorder data from days 1 to 6 postpartum and baseline mean diastolic BP included in the model as
per the original study SAP. For PWV, data were adjusted for aortic diastolic BP at the time of V4 and baseline Vicorder measures.

|IV4 only 144 participants; intervention n=80, usual care n=64.

{|Aortic distensibility at V4, adjusted for age and BSA (calculated by the Mosteller equation) at the time of the scan at V4 and 24 hours overall average pulse pressure.

$95% Cl around adjusted difference does not cross zero.
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A —2.08 mmHg
(95% Cl, -5.77 to 1.66)

p=0.26
| —

160

1401

1201

Aortic Systolic Blood Pressure (mmHg)

100

Cm;trol Interv;ention

Randomisation Group

-0.71 m/s
(95% ClI, -1.42 to —0.06)

p=0.048
1

20

Aortic Pulse Wave Velocity (m/s)

Control Intervention

Randomisation Group

B -5.19 mmHg
(95% Cl, -7.96 to 2.42)

p = <0.001
1

1001

90

804

70

60 1

Aortic Diastolic Blood Pressure (mmHg)

504

Control Intervention

Randomisation Group

0.78 x 10° mmHg™
(95% Cl, 0.01 to 1.55)

p =0.046
1

101

Aortic Distensibility (x 10 mmHg™)

Control Intervention

Randomisation Group

Figure 2. Aortic systolic and diastolic blood pressure (BP), aortic pulse wave velocity, and aortic distensibility at ~9 months

postpartum by randomization group.

A, Aortic systolic BP at *9 months postpartum adjusted for baseline differences. B, Aortic diastolic BP at *9 months postpartum adjusted

for baseline differences. C, Aortic pulse wave velocity (m/s) adjusted for aortic diastolic BP at time of the visit 4 (V4) assessment. D, Aortic
distensibility at #9 months postpartum. Violin plots with overlaid box plots. Tukey box plots represent median and interquartile range (IQR),
whiskers represent largest value within 1.5x IQR above 75th percentile and smallest value within 1.5x IQR below 25th percentile, and data
points beyond the whiskers represent values >1.5x and <3x the IQR. Adjusted mean difference, 95% CI, and P values are provided above
each plot, representing the significance between control and intervention groups at 9 months. Linear regression models on the Vicorder data
were performed on Vicorder measures from V4 with measures from the baseline visit/visit 1 (V1) and baseline mean diastolic BP included in
the model as per the original study Statistical Analysis Plan. For pulse wave velocity, data were adjusted for aortic diastolic BP at the time of V4
and baseline Vicorder measures. Aortic distensibility is adjusted for body surface area (calculated by Mosteller equation) and age at the time

of final study visit. Aortic distensibility (10 mmHg™") was calculated as follows: (A__-A

/A x(P

‘min’ 'min max

-P .),where A and A __represent the

maximal and minimal cross-sectional area of the aorta on cine cardiovascular magnetic resonance images, and P and P_. represent the V4
24-hour averaged systolic and diastolic BP (in millimeters of mercury), respectively.

intervention arm and n=8 in the control arm) are shown
in Table Sb. This demonstrated no significant impact on
vascular function, consistent with the peripheral vascu-
lar/blood pressure results published previously.' Aortic

distensibility calculated using pulse pressure obtained
from the Vicorder measures taken during their final
study visit (V4) is also included in Table S6. This also
demonstrated an improvement in aortic distensibility in
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the intervention arm, consistent with the findings shown
in Figure 2 (which uses pulse pressure from 24-hour
ambulatory blood pressure monitoring data).

DISCUSSION

This study demonstrates postpartum blood pressure
self-monitoring combined with physician-guided medica-
tion ftitration is associated with reduced central arterial
stiffness in the first year after a hypertensive pregnancy,
when compared with usual care. These findings extend
our previous observation of a beneficial impact of postpar-
tum blood pressure self-monitoring and antihypertensive
titration on blood pressure and cardiac remodeling.’®'®

Hypertensive disorders of pregnancy and a range of
cardiovascular diseases share patterns of vascular dys-
function involving endothelial, inflammatory, and angio-
genic pathways.® These pathways are known to impact
a range of different vascular measures, including central
aortic function, and we have previously shown aortic dis-
tensibility is reduced for up to 10 years after a hyperten-
sive pregnancy.* Aortic stiffness is greater in those with
cardiovascular risk factors and has a particularly close
and complex relationship with blood pressure.?? Blood
pressure control is both worsened by reduced aortic
compliance and contributes to the vascular damage that
stiffens the aorta.??2* Later evidence of aortic stiffening
in those with a hypertensive pregnancy may therefore
be secondary to sustained hypertension. However, aor-
tic measures are also an independent predictor of car-
diovascular outcome?®728 and changes in aortic stiffness
early after pregnancy, or interventions that improve aor-
tic stiffness at this time, such as we have demonstrated
here, may have important implications for both future
development of hypertension and risk of later vascular
diseases.

A strength of this study is that current gold-standard
measures (Table S7) of aortic stiffness were used,? spe-
cifically PWV, which reflects the time taken for a pres-
sure or flow wave to travel along the aorta.3°-*2 Validation
studies for the Vicorder device were undertaken in popu-
lations approximately age-matched to our trial partici-
pants, suggesting that our measures are likely to reflect
changes in arterial stiffness seen in this age group.®334
We also used different models to adjust for blood pres-
sure indices that are known to be coassociated with
changes in PWV to ensure reported differences reflect
changes in aortic function rather than blood pressure
variation. The findings are further supported by alterna-
tive methods for evaluation of aortic stiffness, specifically,
CMR-derived aortic distensibility,?? with similar group dif-
ferences in arterial stiffness observed.

Prior work in young adults has shown that ambulatory
blood pressure during waking hours is related to both left
ventricular and arterial function. The strongest relations
are between ambulatory diastolic blood pressure and left
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ventricular function, while ambulatory systolic blood pres-
sure is most closely associated with arterial stiffness.®
In POP-HT, both daytime and nocturnal systolic and
diastolic blood pressure improved after the intervention
when assessed by 24-hour ambulatory blood pressure
monitoring.'® Previously, we reported changes in stroke
volume by echocardiography and CMR,'® and diastolic
function using echocardiography, consistent with the
lower diastolic blood pressure seen in the intervention
group in POP-HT. This vascular substudy now confirms
that there are additional benefits on vascular function,
which may contribute to the lower systolic blood pres-
sure previously described.' Strikingly, reductions in
blood pressure after postpartum blood pressure self-
management were evident even in women who had
ceased taking medication, and, in previous long-term
follow-up of a small pilot study, such benefits remained
evident up to 4 years after delivery® These persistent
blood pressure effects, independent of medication or life-
style, would be explained by the more beneficial reverse
remodeling of both heart and blood vessels achieved by
the self-management intervention.

Limitations

This study has limitations. First, due to the self-
monitoring during the intervention, the study was
unblinded. However, standardized protocols and prac-
tices were followed to minimize potential bias, and the
CMR aortic distensibility analysis was done blinded to
allocation. Second, the study was impacted by COVID-
19, and amendments to the protocol were required to
allow for remote study visits. Additionally, some partici-
pants were not able or willing to attend the CMR follow-
up. Measures of central aortic blood pressure were
also not consistently available at the time of the CMR
study. However, loss to imaging follow-up remained
small (<10%), and there were no significant differences
in characteristics between the full cohort,'® and those
who had CMR scans. Third, the majority of participants
were of white British ethnicity, due to the nature of local
population demographics.®” Additional work is required
to understand whether similar patterns of vascular
remodeling in response to the intervention are seen in
other ethnic and geographic groups. Fourth, those with
chronic hypertension were excluded, and so the impact
of preexisting hypertensive cardiac and vascular remod-
eling on both the pregnancy response and postpartum
remodeling has not been explored. Finally, the sample
size did not allow for study of the impact of different
medications on postpartum outcomes. Half of the par-
ticipants received enalapril in each arm, and there was
also similar use of labetalol and calcium channel block-
ers between arms.’ Further clinical and experimental
studies will be valuable to understand whether targeted
lifestyle or medication approaches, including novel
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agents such as SGLT-2 (sodium-glucose cotransporter
2) inhibitors, may provide additional beneficial effects.

Conclusions

This prespecified secondary analysis of the POP-HT ran-
domized trial shows that, in addition to previously reported
improvements in blood pressure and cardiac remodeling,
remote monitoring and blood pressure self-management
in the immediate postpartum period also have benefits
on central arterial stiffness for up to 9 months postpar-
tum after hypertensive pregnancy.

Perspectives

The POP-HT trial is a randomized clinical trial in 220
women that investigates the value of telemonitored, doctor-
guided blood pressure self-management postpartum.
The aim was to see whether better blood pressure con-
trol postpartum had long-term benefits for cardiovascu-
lar health. The primary findings of the trial were that the
intervention improves blood pressure control both during
the period of intervention and that this benefit remains
evident for up to 9 months after delivery, even when the
woman has stopped taking their antihypertensives.’ The
blood pressure changes were also associated with ben-
eficial cardiac remodeling during this time period.

We now report the impact of this intervention on
prespecified vascular measures of arterial stiffness,
measured by PWV and aortic distensibility. The findings
described in this paper suggest improved blood pres-
sure control postnatally may help reverse the adverse
vascular remodeling known to occur after a hypertensive
pregnancy,* and that these benefits persist for at least
9 months postpartum. As blood pressure and arterial
stiffness are closely associated, this vascular remodeling
may contribute to the sustained benefits in blood pres-
sure seen in the intervention group. In addition, given the
long-term data, which demonstrates that aortic stiffness
is an important independent predictor of future cardio-
vascular outcomes, 238 this study provides further evi-
dence that the puerperium may be a time-critical window
for intervention in women affected by hypertensive preg-
nancy to improve their long-term cardiovascular health.
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