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Abstract
Hypertensive disorders during pregnancy increase the risk of long-term cardiovascular disease in postpartum women.
Exercise-based rehabilitation may help manage blood pressure (BP) and improve physical activity levels in this population,
but supporting evidence remains limited. This pre-post single-arm proof-of-concept study aimed to assess the feasibility of a
4-week cardio-obstetrics rehabilitation program for women following hypertensive pregnancy. Women 3–6 months
postpartum with a history of gestational hypertension or pre-eclampsia were recruited. The intervention combined exercise
and educational components delivered through in-person, live virtual, and independent sessions. Feasibility was evaluated
through recruitment, retention, adherence, acceptability, and safety. Outcomes included BP, six-minute walk distance, body
weight and BMI, physical activity levels, health-related quality of life, and depressive symptoms. Six of 20 screened
participants (30% recruitment) completed the intervention (100% retention). Overall adherence to scheduled sessions was
71%. All participants expressed high satisfaction, and no adverse events were reported. Descriptive analysis indicated
improvements across all measured outcomes after the intervention. A cardio-obstetrics rehabilitation program for postpartum
women after hypertensive pregnancy is feasible. Improvements in cardiovascular, anthropometric, behavioral, and
psychosocial outcomes suggest potential efficacy and support further investigation.
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Introduction

Hypertensive disorders of pregnancy (HDP) are major
contributors to maternal morbidity and mortality globally

[1]. Beyond their acute complications during gestation and
delivery, HDP impose a lasting burden on cardiovascular
health, with growing evidence linking them to an elevated
risk of chronic hypertension, heart failure, cerebrovascular
disease, and cardiomyopathy later in life [2, 3]. More spe-
cifically, HDP are frequently associated with blood pressure
(BP) instability during the early postpartum period, with
persistently elevated BP beyond 12 weeks potentially
indicating the progression to chronic hypertension [4, 5]. As
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such, the postpartum period has increasingly been recog-
nized not only as a time of recovery, but also as a crucial
window for initiating long-term cardiovascular disease
prevention strategies.

Despite this recognition, clinical care following HDP
remains limited, with few structured non-pharmacological
interventions targeting the cardiovascular risks associated with
these conditions [6]. Recent Canadian guidelines recommend
the adoption of lifestyle modifications, including physical
activity and exercise, for the first year following childbirth.
Specifically, at least 120min per week of moderate-to-vigorous
intensity aerobic activity is advised to promote cardiometabolic
health [7]. However, evidence on the most effective ways to
implement such interventions in postpartum women, particu-
larly those recovering from hypertensive pregnancy complica-
tions, remains inconclusive.

A recent systematic review and meta-analysis from our
research group revealed that, of the postpartum exercise inter-
ventions specifically targeting maternal vascular health and BP
published to date, two involved postpartum women [8], with
only one study by Riemer et al. [9] explicitly focusing on
women with a history of preeclampsia (PE). This study
demonstrated that a 24-week postpartum cardiovascular lifestyle
intervention, integrating supervised exercise and dietary coun-
seling, was well tolerated and led to significant vascular
improvements compared to a reference group.

HDP are physiologically associated with some persistent
endothelial dysfunction, increased arterial stiffness, heigh-
tened systemic inflammation, and metabolic dysregulation,
all of which may continue well into the postpartum period
and contribute to long-term cardiovascular remodeling [10].
Structured physical activity and exercise have been shown
to mitigate many of these pathophysiological changes in
both general and cardiac-specific populations [11–13],
suggesting potential benefits for women recovering from
HDP. However, unique challenges, such as physical
exhaustion, emotional challenges, competing demands on
time, limited support, and low motivation, often hinder
engagement in this population [14]. Rehabilitation pro-
grams tailored to this cohort must, therefore, be flexible,
supportive, and feasible within the complex realities
encountered in the period following delivery.

In response to these clinical and scientific gaps, this study
aimed to evaluate the feasibility of a postpartum cardio-
obstetrics rehabilitation program for postpartum women with a
recent history of HDP. Specifically, we sought to: (i) assess the
recruitment, retention, adherence, acceptability, and safety of a
4-week program combining exercise and educational compo-
nents; and (ii) estimate the extent to which the designed
intervention affects maternal BP, functional capacity, anthro-
pometrics, physical activity levels, health-related quality of life,
and depressive symptoms.
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Methods

Study design

This study was designed as a pre-post single-arm proof-of-
concept study. Reporting of the findings follows the
CONSORT extension for pilot and feasibility trials [15].
The study was approved by the Centre Intégré Universitaire
de Santé et de Services Sociaux du Nord-de-l'Île-de-Mon-
tréal (CIUSSS-NÎM) and all participants provided informed
consent. Given the exploratory nature of this study, the
sample size was based on feasibility, and, in line with the
ORBIT model for behavioral treatment development, a
control group was not required at this stage [16].

Participants

Participants were recruited between May and July 2022
from the Clinique de Grossesse à Risque at the Mother-
Child Unit of the Hôpital du Sacré-Cœur de Montréal
(HSCM), CIUSSS-NÎM. Eligible individuals were identi-
fied by their obstetricians, who referred those meeting the
study criteria to the research team. Potential participants
were then contacted by telephone, provided with detailed
information about the study procedures and associated risks.

Women were eligible for inclusion if they were 18 years
of age or older, between three and six months postpartum,
had been diagnosed with new-onset hypertension (≥140/
90 mmHg) after 20 weeks of gestation, with either the
absence (gestational hypertension, GH) or presence (PE) of
proteinuria or maternal organ involvement, and were not
taking antihypertensive medication at the time of enroll-
ment. Participants were also required to be able to com-
municate in English or French and have access to a
computer or mobile device with internet connectivity. The
selected postpartum timeframe aligns with typical recovery
trajectories and reflects an expected period of physical and
psychological readiness for re-engaging in structured phy-
sical activity, which often occurs between 8 and 12 weeks
following delivery [17].

Participants were excluded if they had a diagnosis of
chronic hypertension, were currently using antihypertensive
medication, had major contraindications to physical activity
(e.g., cardiac conditions, neurological or musculoskeletal
disorders), or exhibited significant cognitive impairment or
mental health conditions that could affect informed consent
and study participation.

Intervention

The intervention comprised a structured, four-week cardio-
obstetrics rehabilitation program integrating both exercise
and educational components. The four-week duration was

selected based on existing evidence suggesting that this
timeframe provides sufficient opportunity for behavioral
change [18] and cardiovascular adaptation to exercise [19],
while remaining practical and feasible for postpartum
women. Participants were expected to complete a total of
15 sessions over the intervention period, including four in-
person supervised exercise sessions, four live tele-
rehabilitation sessions, four independently completed ses-
sions using pre-recorded videos, and three educational
workshops delivered either online or in pre-recorded format.
A hybrid format, combining both educational and
physical components, was used to evaluate the accept-
ability, preference, and adherence to these different delivery
methods.

Each exercise session followed a standardized structure,
involving 5 min of warming up, 30 min of aerobic training,
10 min of resistance exercises, 5 min of core strengthening,
5 min of pelvic floor rehabilitation, and 5 min of stretching
and relaxation. Exercise difficulty and intensity were pro-
gressively increased throughout the program. During the
first week, aerobic training was performed at 50–60% of
estimated heart rate reserve, increasing to 60–70% in weeks
two and three, and reaching 70–80% by week four. Resis-
tance exercise was prescribed at an intensity of 0–60% of
one-repetition maximum with two to four sets of 8–12
repetitions per exercise and was adjusted based on partici-
pants’ ability and tolerance.

In-person sessions took place at the Centre Jean-Jacques-
Gauthier (CJJG), CIUSSS-NÎM, and were supervised by a
trained member of the research team. Aerobic training was
performed using either a treadmill or stationary bike, with
BP, heart rate, oxygen saturation, and perceived exertion
recorded before and after each session to ensure safety and
monitor physiological response. Participants were also
instructed to complete one weekly telerehabilitation session
delivered via Zoom under the supervision of a team mem-
ber, as well as one independent session using a pre-recorded
video accessed through a private YouTube channel. For
both formats, they were asked to engage in 30 to 60 min of
walking or aerobic activity on a self-selected day, guided by
individualized targets using step counts or heart rate ranges.
To facilitate self-monitoring of daily steps and exercise
heart rate range and support adherence, participants were
provided with a Fitbit Inspire 2 (Fitbit Inc., San Francisco,
CA, USA) and a suggested daily step goal of 10,000 steps
[20].

Regarding educational workshops, participants attended
sessions delivered by members of the CJJG team that
addressed key postpartum health topics, including nutrition,
physical activity, and sleep hygiene. At the initial visit, they
also received a printed leaflet outlining evidence-based
physical activity recommendations for the postpartum
period.

Postpartum cardio-obstetrics rehabilitation program for women after hypertensive pregnancy: A. . .



Outcome measures

Participants underwent assessments at two time points: the
initial baseline visit, which took place between three to six
months postpartum, and a follow-up visit after completing
the four-week rehabilitation program. During the initial
assessment, sociodemographic data, medical and perinatal
history, and behavioral information were collected through
questionnaires and review of the medical chart.

Implementation feasibility

Feasibility outcomes included recruitment, retention,
adherence, acceptability, and safety. Adherence was tracked
by documenting attendance at in-person and virtual sessions
and reviewing completed logbooks for pre-recorded ses-
sions. Acceptability was assessed through post-intervention
feedback questionnaires. Safety was monitored by record-
ing BP, heart rate, oxygen saturation, and perceived exer-
tion during supervised sessions. Adverse events were
defined as any unintended harmful experiences participants
encountered during the intervention, which may include,
but are not limited to, injuries, dizziness, fainting, severe
discomfort, or other related issues [21]. These events were
documented through session records and participant logs.

Quantitative physiological responses included resting
BP, functional capacity, anthropometrics, and physical
activity levels. Systolic and diastolic BP were measured
after 10 min of seated rest using a validated automated
sphygmomanometer (Omron Healthcare Co. Ltd, Kyoto,
Japan). Three readings were taken at two-minute intervals,
and the average of the second and third readings was used
for analysis. Functional capacity was evaluated using the
six-minute walk test (6MWT) following American Thoracic
Society guidelines [22]. With subjects barefoot and fasted,
height was measured using a wall-mounted stadiometer
(Seca North America, Chino, CA, USA) and weight was
measured on an electronic standing scale (Detecto, Webb
City, MO, USA). Body mass index (BMI) was then cal-
culated as weight in kilograms divided by the square of
height in meters. Objective physical activity data, including
step count and activity duration, were collected using a
Fitbit Inspire 2, which participants were instructed to wear
throughout the four-week program.

Self-reported health outcomes

Participants’ physical activity levels were also self-reported
using the Pregnancy Physical Activity Questionnaire
(PPAQ), while perceived functional capacity was assessed
with the Duke Activity Status Index (DASI). Quality of life
was measured using the 36-Item Short Form Health Survey
(SF-36), and psychological well-being was evaluated using

the Edinburgh Postnatal Depression Scale (EPDS) and the
Patient Health Questionnaire-9 (PHQ-9).

Post-intervention feedback was collected through a
custom-designed questionnaire administered via REDCap,
which included both closed-ended items (5-point Likert
scale) and open-ended questions. The Exercise Benefits and
Barriers Scale (EBBS) was used to assess attitudes toward
exercise, while perceptions of the rehabilitation process
were captured using the Cardiac Rehabilitation Facilitators
(CRFS) and Barriers Scale (CRBS).

Statistical analysis

Descriptive statistics were used to characterize participant
demographics and outcomes. Continuous variables are
reported as means with standard deviations or medians with
interquartile ranges according to distribution. Changes
between baseline and follow-up were reported using mean
or median differences alongside effect sizes (ES) calculated
with Hedges’ g, interpreted as small (0.2), medium (0.5), or
large (0.8) [23]. Minimal clinically important differences
(MCIDs) were employed to contextualize the clinical rele-
vance of observed changes in physical outcomes, specifi-
cally 2 mmHg for BP [24, 25], and 30 meters for the six-
minute walk distance (6MWD) [26].

Results

Of the 20 women screened, six (30% recruitment) met the
inclusion criteria and were enrolled in the study. All parti-
cipants completed the intervention, yielding a 100% reten-
tion rate (Fig. 1). Baseline characteristics of the participants
are shown in Table 1.

Assessed for eligibility (n = 20)

Agreed to participate (n = 6)

Excluded (n = 14)

- Scheduling conflicts (n = 10)

- Personal/family-related reasons (n = 4)

Assessed before the program (n = 6) 

Assessed after the program (n = 6) 

4-week rehabilitation program

Enrollment

Pre-test

Post-test

Fig. 1 CONSORT flow diagram
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Adherence

Overall adherence to the rehabilitation program was 71%,
with individual adherence ranging from 48% to 85%. The
highest adherence was observed for pre-recorded exercise
videos (79%; range 25%–100%), whereas the lowest was
noted for telerehabilitation sessions (67%; range
25%–100%) and educational workshops (67%; range
33%–100%). Adherence to in-person sessions averaged
71% (range 50%–100%). The most frequently reported
reasons for missed sessions were time constraints, primarily
related to caregiving responsibilities such as caring to a sick
child, difficulty arranging childcare, or managing other
household demands.

Acceptability

All participants (100%) agreed that the program was ben-
eficial for their health, provided useful exercises they
intended to continue, and that they were satisfied with the
overall delivery format. Five participants (83.33%) found
the program engaging and reported that the session formats
supported their physical activity and sustained engagement.
All participants (100%) found each session format easy to
follow, although two (33.33%) described the formats as
physically demanding and time-consuming (Supplementary
Table 1).

Open-ended feedback highlighted a desire for greater
scheduling flexibility, including the option of weekend
sessions. Participants valued group-based formats for
enhancing motivation and fostering community, with in-
person and live virtual sessions generally preferred over
pre-recorded content. Suggestions included extending the
program duration to allow for rescheduling missed sessions,
as well as expanding educational topics to cover stress
management and postpartum well-being. While most par-
ticipants were comfortable enrolling independently, one
noted that referrals from healthcare providers might further
improve motivation. Seasonal timing also emerged as a
factor, with a preference for summer to avoid weather-
related barriers. All participants reported improvements in

Table 1 Participant characteristics

Participants included (n= 6)

Maternal demographics

Maternal age (years) 32.33 ± 4.37

Postpartum period (months) 5.50 ± 0.55

Immigrant [n (%)] 6 (100)

Racial and ethnic [n (%)]

Black 4 (66.67)

Asian 1 (16.67)

White 1 (16.67)

Family status [n (%)]

Married or domestic relationship 6 (100)

Level of education [n (%)]

University, college, or equivalent 6 (100)

Use of drugs or alcohol [n (%)]

No 5 (83.33)

Maternal anthropometrics and blood pressure

First-trimester

Body weight (kg) 87.27 ± 26.95

Body mass index (kg/m2) 29.91 ± 5.90

Systolic blood pressure, (mmHg) 118.33 ± 9.97

Diastolic blood pressure, (mmHg) 75.17 ± 7.55

At birth

Body weight (kg) 98.18 ± 28.38

Body mass index (kg/m2) 34.50 ± 6.44

Systolic blood pressure, (mmHg) 150.67 ± 12.68

Diastolic blood pressure, (mmHg) 92.00 ± 4.98

Pregnancy complications

Hypertensive disorders of pregnancy
[n (%)]

Gestational hypertension (GH) 2 (33.33)

Preeclampsia (PE)* 4 (66.67)

Other pregnancy complications [n (%)]

Gestational diabetes 3 (50.00)

Obesity 4 (66.67)

Anemia 4 (66.67)

Hypothyroidism 2 (33.33)

Chorioamnionitis 1 (1.67)

Delivery characteristics

Mode of delivery [n (%)]

Vaginal 3 (50)

Caesarean 3 (50)

Gestational age (weeks) 38.33 ± 1.51

Infant outcomes

Infant sex assigned [n (%)]

Female 4 (66.67)

Infant birth weight (g) 3410.00 ± 470.41

Fetal distress [n (%)]

APGAR at 1 min, < 7 3 (50.00)

Table 1 (continued)

Participants included (n= 6)

APGAR at 5 min, < 7 2 (33.33)

APGAR at 10 min, < 7 0 (0.00)

Breastfeeding [n (%)]

Exclusive 1 (16.67)

Values are presented as mean ± SD, if not mentioned otherwise
*Two participants initially diagnosed with GH later progressed to PE

Postpartum cardio-obstetrics rehabilitation program for women after hypertensive pregnancy: A. . .



physical and mental health, alongside positive lifestyle
changes.

Adverse events

Throughout the four-week intervention, no adverse events
were reported in any part of the program. Participants’
safety and well-being were consistently monitored, and no
complications or negative effects were observed.

Physical and behavioral changes after the
rehabilitation program

Physical outcome changes following the rehabilitation
program are presented in Table 2 and Supplementary Fig. 1.
A tendency toward improvement was observed in BP,
functional capacity, and anthropometrics, with positive
changes found in systolic BP (ES= 0.696), 6MWD (ES=
0.278), body weight (ES= 0.763), and BMI (ES= 0.550).
When compared to established MCIDs [24–26], 4 partici-
pants demonstrated either improvement or maintenance in
systolic BP, 2 in diastolic BP, and 3 in 6MWD.

Table 3 shows the observed behavioral changes. Self-
reported physical activity levels, measured using the PPAQ,
showed domain-specific changes post-intervention. Increa-
ses in moderate- and vigorous-intensity activities, as well as
total activity levels, were noted, with mean changes of
21.46 metabolic equivalent hours per week (MET-h/week)
(ES= 1.309), 2.44 MET-h/week (ES= 0.815), and 7.69
MET-h/week (ES= 0.268), respectively. Conversely, light-
intensity activity decreased by a mean of 32.32 MET-h/
week (ES= 0.858), while sedentary activity remained
stable (mean change = 0.73 MET-h/week, ES= 0.047).
Objective physical activity data further supported these
behavioral improvements, revealing increases in daily step
count (531.20 steps, ES= 2.087), light activity time
(30.22 min, ES= 1.281), and moderate activity time

(6.94 min, ES= 0.770). Sedentary time was reduced by
171.05 min (ES= 0.961), and vigorous activity time
decreased by 1.65 min (ES= 0.137).

Regarding the DASI, the total score increased by a mean
of 3.54 points (ES= 0.610), estimated maximal oxygen
uptake rose by 1.52 mL/kg/min (ES= 0.610), and estimated
metabolic equivalent of task showed a slight increase of
0.44 MET-h/week (ES= 0.610). Similarly, the SF-36
demonstrated improvements across all domains, with the
most notable increases in role-physical (37.50 points,
ES= 0.752), physical functioning (8.33 points, ES=
0.516), and general health (11.50 points, ES= 0.639).
Depressive symptoms exhibited reductions, with the PHQ-9
decreasing by 1.33 points (ES= 0.323) and the EPDS by
1.50 points (ES= 0.435).

Perceived benefits and barriers to physical activity

Figure 2a and Supplementary Table 2 illustrate responses
on exercise benefits from the EBBS, collected at baseline
and after the training program. Participants reported
increased agreement that exercise helps reduce fatigue
(from 67% to 83%) and improves overall body functioning
(from 50% to 67%). Physical benefits were more widely
endorsed post-intervention, with all participants (100%)
reporting that exercise improved muscle tone, cardiovas-
cular health, stamina, flexibility, and physical endurance.
Social aspects of exercise were viewed more favorably, with
more participants recognizing it as an opportunity to meet
new people (from 50% to 83%) and a form of entertainment
(from 83% to 100%). Beliefs in exercise’s preventative
health benefits also strengthened, particularly regarding its
role in preventing heart attacks (from 83% to 100%).

In terms of barriers to exercise, several concerns were
more frequently reported after the intervention (Fig. 2b and
Supplementary Table 2). Agreement increased across all
items related to logistical and environmental challenges,

Table 2 Change in physical outcomes after the 4-week postpartum cardio-obstetric rehabilitation program

Baseline Post 4 weeks Mean change Effect size

Systolic blood pressure (mmHg) mean ± SD 124.83 ± 12.80 119.83 ± 8.57 -5.00 ± 7.18 0.696

median (min-max) 123.50 (112.00-146.00) 120.50 (107.00-130.00) -4.00 (-19.00-1.00)

Diastolic blood pressure (mmHg) mean ± SD 88.33 ± 10.97 89.67 ± 6.15 1.33 ± 10.65 0.125

median (min-max) 89.50 (76.00-104.00) 87.50 (84.00-101.00) 6.00 (-16.00-11.00)

Six-minute walk distance (m) mean ± SD 524.16 ± 57.94 536.17 ± 34.92 12.01 ± 43.19 0.278

median (min-max) 513.58 (465.00-627.00) 543.30 (475.60-573.73) 10.60 (-65.50-64.10)

Body weight (kg) mean ± SD 89.45 ± 26.12 87.97 ± 25.40 -1.48 ± 1.94 0.763

median (min-max) 91.60 (57.80-130.40) (56.00-125.50) -1.45 (-4.90-0.80)

Body mass index (kg/m2) mean ± SD 31.50 ± 5.68 30.83 ± 5.85 -0.54 ± 0.75 0.550

median (min-max) 31.50 (24.00-40.00) 31.00 (22.00-38.00) -0.46 (-1.49-0.51)

Effect size was calculated with Hedges’ g

K. Pongpanit et al.
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with 100% of participants expressing concerns about distant
exercise locations, inconvenient schedules, limited facil-
ities, feeling embarrassed while exercising, and discomfort
with others’ appearance in exercise clothing. Moreover, a
greater proportion of participants indicated that exercise
interfered with family relationships (from 83% to 100%).
Perceptions of physical difficulty also rose, with more
participants reporting that exercise was tiring (from 67% to
100%) and fatiguing (from 83% to 100%).

Cardiac rehabilitation-specific facilitators and
barriers

Figure 3 and Supplementary Table 3 display participant
responses to the CRBS and CRFS. Family responsibilities
were identified as the most frequently reported barrier to
participation (50.00%), followed by time constraints and the
perception that sufficient physical activity could be
achieved through home- or community-based exercise (both
33.33%). Participants most frequently identified the proxi-
mity of the program to their homes, the availability of tele-

rehabilitation options, and the inclusion of nutritional edu-
cation classes as key facilitators (all 83.33%). Additional
commonly cited facilitators included transportation assis-
tance, stress management sessions, and support from
healthcare providers (all 66.67%).

Discussion

This proof-of-concept study provided evidence supporting
the feasibility, acceptability, safety, and potential benefits of
a postpartum cardio-obstetrics rehabilitation program for
women with a history of hypertensive pregnancy. All six
participants successfully completed the four-week inter-
vention, demonstrating high engagement and retention.
Preliminary findings suggest the program promoted cardi-
ovascular health, improved functional capacity, modulated
body weight and BMI, increased physical activity levels,
enhanced overall quality of life, and reduced depressive
symptoms, while maintaining a safe environment through-
out the training.

Fig. 2 Distribution of perceived exercise benefits (a) and barriers (b) at baseline and post-intervention, based on the Exercise Benefits/Barriers
Scale (EBBS)

Postpartum cardio-obstetrics rehabilitation program for women after hypertensive pregnancy: A. . .



Feasibility and participant engagement

The high adherence rate observed in this study indicates
strong engagement with the intervention, which supports its
feasibility and acceptability among postpartum women.
This is particularly notable given common barriers such as
physical fatigue, psychological distress, time constraints,
limited support, lack of knowledge about healthy behaviors,
and low motivation [14]. Previous research has frequently
reported low participation in postpartum lifestyle interven-
tions, largely because women struggle to prioritize their
own health while managing the demands of newborn care
and household responsibilities [27–29]. The hybrid model,
which combined in-person, synchronous virtual, and asyn-
chronous video components, appeared to be particularly
responsive to participants’ needs. Adherence to asynchro-
nous pre-recorded sessions was highest, reflecting a pre-
ference for the flexibility these sessions provided. This is in
line with findings from Barbosa et al. [30], who reported
greater participation in telehealth-based interventions due to
their adaptable format. Although adherence to tele-
rehabilitation and in-person sessions was slightly lower,
these rates remain favorable compared to similar interven-
tions targeting postpartum populations [27, 28]. The inter-
vention groups in those studies reported dropout rates of 6%
and 31%, respectively, illustrating the challenges of sus-
taining engagement in this demographic. In contrast, the
present study recorded no dropouts or adverse events in a
4-week intervention period, reinforcing the potential of

hybrid and flexible delivery formats to enhance retention by
accommodating the complex needs of postpartum women.

Cardiovascular and functional outcomes

The physiological outcomes of this intervention indicate
promising trends; however, given the small sample size and
large variability, these findings should be interpreted with
caution and warrant further investigation in larger-scale
randomized control studies. The reduction in systolic BP,
approaching the early pregnancy value, is particularly
noteworthy. This change is consistent with findings from
Hardy et al. [24], which emphasize that even small reduc-
tions in postpartum systolic BP can have substantial long-
term effects on cardiovascular risk. Moreover, the 5-mmHg
reduction exceeds the 2-mmHg MCID [24, 25], and the
moderate ES [23] provides additional support for the car-
diovascular benefits of the intervention. These results sug-
gest that our designed postpartum rehabilitation program
may have clinical relevance, potentially supporting cardio-
vascular health in postpartum women. In contrast, diastolic
BP increased slightly by 1.3 mmHg. Although this change
is minimal, it aligns with trends often observed in short-
term interventions, which may not provide sufficient time to
induce more substantial shifts in diastolic BP [31]. The
weak ES further suggests that this increase is unlikely to
have any clinical impact. This highlights the need for
longer-duration interventions to potentially achieve more
substantial reductions in diastolic BP.

Fig. 3 Tree charts of cardiac rehabilitation barriers (a) and facilitators (b), based on the Cardiac Rehabilitation Barriers Scale (CRBS) and the
Cardiac Rehabilitation Facilitators Scale (CRFS), respectively
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Regarding functional capacity, the 6MWD improved by
12 meters. Even though this increase falls short of the 30-
meter threshold typically considered clinically meaningful
for functional capacity improvement [26], the moderate ES
suggests a potential benefit from the intervention [23]. This
finding is consistent with a previous pilot study, which
reported similar improvements in aerobic capacity follow-
ing short-term, moderate-intensity interventions in post-
partum women [32]. Additionally, the moderate ES
observed in the DASI, another measure of functional
capacity, further supports the potential benefit of the inter-
vention, suggesting that the rehabilitation program posi-
tively impacted participants’ functional performance and
their perceived ability to perform daily activities.

In addition to systolic BP and 6MWD outcomes, the
program also demonstrated favorable trends in postpartum
anthropometrics. Participants showed improvements in
body weight and BMI despite the short four-week duration
and limited exclusive breastfeeding. The observed reduc-
tions in body weight and BMI, reaching first-trimester
values, may be attributed to the nutritional education
included in the intervention and align with previous evi-
dence showing that combined exercise, dietary counseling,
and breastfeeding can positively influence postpartum
anthropometrics and metabolic recovery [33]. Breastfeed-
ing, even when partial, is also known to support postpartum
weight reduction and improve long-term cardiometabolic
profiles, with particularly pronounced BP and cholesterol
benefits for women with a history of HDP [34]. These
findings suggest that integrating healthy eating during lac-
tation and breastfeeding guidance within structured post-
partum rehabilitation programs may further support
favorable weight, BP, and cardiometabolic outcome tra-
jectories in hypertensive postpartum women.

Physical activity

Participants demonstrated notable increases in weekly
moderate-intensity physical activity and daily step count,
highlighting the effectiveness of postpartum rehabilitation
program in promoting sustained physical activity, which is
crucial for cardiovascular recovery and chronic disease
prevention [35, 36]. Moreover, the observed reduction in
sedentary time suggests a positive behavioral shift, which is
known to have potential cardiovascular benefits for post-
partum women, particularly those with a history of HDP
[37].

The use of both self-reported physical activity data from
the PPAQ and objective data from Fitbit devices adds
robustness to the findings. Previous studies underscore that
combining wearable technology with behavior change
strategies, such as goal setting and health education,
enhances participant engagement and supports long-term

adherence to physical activity [38]. These results align with
a recent review showing improved physical activity out-
comes in postpartum women using digital tools [39].

Quality-of-life and depression

Although the health-related quality of life domains did not
show large changes, all of them demonstrated positive
trends, suggesting the rehabilitation program positively
impacted various aspects of well-being. The most notice-
able improvement was in the SF-36 role-physical domain,
which reflects an increase in participants’ ability to perform
everyday physical tasks and manage physical demands [40].
This suggests that the program helped enhance participants’
physical functioning and confidence in handling day-to-day
activities that require physical effort. Similar results were
reported by Brites-Lagos et al., who found comparable
benefits in postpartum women participating in a supervised
postpartum exercise program [32].

In terms of depressive symptoms, both the PHQ-9 and
EPDS showed a downward trend, indicating a reduction in
depressive symptomatology. While the program did not
specifically target mental health, qualitative feedback also
revealed increased feelings of support, a greater sense of
autonomy, and improved confidence. These psychosocial
benefits reflect outcomes reported in similar postpartum
group interventions, which emphasize the importance of
support and engagement for emotional well-being [32, 41].

Barriers, facilitators, and participant perspectives

Caregiving responsibilities and time constraints emerged as
major barriers to participation. These challenges are con-
sistent with previous studies, which have shown that post-
partum women often face competing demands that limit
their ability to engage in health interventions [27–29].
Following the intervention, additional barriers such as
physical exertion and environmental distractions became
more prominent. This shift underscores the evolving nature
of challenges faced during the postpartum period and
highlights the need for flexible and responsive intervention
models that adapt as women transition from early recovery
to more active caregiving and lifestyle roles [14].

Social support and access to professional guidance were
identified as key facilitators of engagement and success in
the program. Although group-based formats were generally
well received, some participants expressed a preference for
alternative formats, indicating that individual differences
may influence the perceived value of group settings. These
findings emphasize the importance of offering both in-
person and virtual options to meet diverse needs. This
consideration is especially important for women recovering
from HDP, as they may place greater value on medically

Postpartum cardio-obstetrics rehabilitation program for women after hypertensive pregnancy: A. . .



focused and structured approaches rather than recreational
or socially oriented elements in their postpartum rehabili-
tation [42].

Study limitations and future directions

Several limitations of this study should be acknowledged.
First, the small sample size and limited recruitment may
affect the interpretability and generalizability of findings.
The absence of a control group also constrained the ability
to make causal inferences, as the observed improvements
may have reflected natural postpartum recovery rather than
the effects of the intervention. In addition, the short program
duration may have restricted the potential to observe
meaningful long-term physiological or psychosocial out-
come changes. Lastly, direct measures of cardiometabolic
profiles were not conducted, limiting the interpretation of
the program’s potential effects on cardiometabolic health. A
future pilot study should refine the intervention, assess its
feasibility in a larger and more diverse sample, and extend
the program duration to enable a more comprehensive
evaluation of outcomes. Following this, an efficacy trial
using a randomized controlled design should be conducted
to evaluate both the immediate and longer-term effects of
the intervention. These trials should specifically focus on its
impact on cardiovascular risk reduction, particularly in
relation to improvements in vascular structure and function,
cardiometabolic markers, along with other relevant health
outcomes, to establish the intervention’s effectiveness and
its potential for sustained benefits over time.

Conclusion

This study suggests that a 4-week hybrid cardio-obstetrics
rehabilitation program is feasible for postpartum women
with a history of hypertensive pregnancy. Preliminary
findings suggest potential benefits for BP, functional capa-
city, body weight and BMI, physical activity, and health-
related quality of life. To establish the intervention’s effi-
cacy and long-term impact, future research should incor-
porate extended program durations and well-designed
randomized controlled trials with larger and more diverse
samples.

Acknowledgements We would like to thank all the medical staff, the
Centre de Réadaptation Jean-Jacques Gauthier (CIUSSS-NÎM), and
postpartum women who participated in this study.

Author contributions KP (Conceptualization, Methodology, Data
curation, Formal analysis, Writing-original draft), GM (Con-
ceptualization, Methodology), GP, LS, LN, MJ, SMG, JL, CK, SG,
and IV (Data curation). TJF and MR (Writing-review & editing), MB
(Conceptualization, Funding acquisition, Methodology, Formal

analysis, Writing-review & editing). All authors read and approved the
final manuscript.

Funding This study was funded by the Heart and Stroke Foundation
of Canada Grant-in-Aid (MB, reference number G-23-0033377). KP
received support from the J.A. DeSève scholarship, CIUSSS-NÎM, the
Gordon Phillips Award, Faculty of Medicine and Health Sciences,
McGill University, and the Royal Thai Government scholarship.

Compliance with ethical standards

Conflict of interest The authors declare no competing interests.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Wang W, Xie X, Yuan T, Wang Y, Zhao F, Zhou Z, et al. Epi-
demiological trends of maternal hypertensive disorders of preg-
nancy at the global, regional, and national levels: a population-
based study. BMC Pregnancy Childbirth. 2021;21:364.

2. Malek AM, Wilson DA, Turan TN, Mateus J, Lackland DT, Hunt
KJ. Maternal Coronary Heart Disease, Stroke, and Mortality
Within 1, 3, and 5 Years of Delivery Among Women With
Hypertensive Disorders of Pregnancy and Pre-Pregnancy Hyper-
tension. J Am Heart Assoc. 2021;10:e018155.

3. Ackerman-Banks CM, Lipkind HS, Palmsten K, Ahrens KA.
Association between hypertensive disorders of pregnancy and
cardiovascular diseases within 24 months after delivery. Am J
Obstet Gynecol. 2023;229:65.e1–e15.

4. Palatnik A, Mukhtarova N, Hetzel SJ, Hoppe KK. Blood pressure
changes in gestational hypertension, preeclampsia, and chronic
hypertension from preconception to 42-day postpartum. Preg-
nancy Hypertens. 2023;31:25–31.

5. Powles K, Gandhi S. Postpartum hypertension. CMAJ.
2017;189:E913.

6. Bano S, Husain Tarar S, Atung PD, Shehryar A, Rehman A,
Irshad A, et al. Exploring Pharmacological and Non-
Pharmacological Approaches to Managing Hypertension During
Pregnancy: A Systematic Review. Cureus. 2024;16:e75534.

7. Davenport MH, Ruchat SM, Jaramillo Garcia A, Ali MU, Forte
M, Beamish N, et al. 2025 Canadian guideline for physical
activity, sedentary behaviour and sleep throughout the first year
post partum.Br J Sports Med. 2025(e-pub ahead of print
20250325;https://doi.org/10.1136/bjsports-2025-109785).

8. Pongpanit K, Dayan N, Janaudis-Ferreira T, Roig M, Spahija J,
Bertagnolli M Exercise Effects on Maternal vascular health and
blood pressure during pregnancy and postpartum: a systematic

K. Pongpanit et al.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1136/bjsports-2025-109785)


review and meta-analysis. Eur J Prev Cardiol. 2024(e-pub ahead
of print 20240507;https://doi.org/10.1093/eurjpc/zwae165).

9. Riemer M, Schulze S, Wagner L, Richter M, Ayerle G, Simm A,
et al. Cardiovascular Risk Reduction in Women Following
Hypertensive Disorders of Pregnancy - a Prospective, Rando-
mised, Controlled Interventional Study. Geburtshilfe Frauen-
heilkd. 2021;81:966–78.

10. Ying W, Catov JM, Ouyang P. Hypertensive Disorders of Preg-
nancy and Future Maternal Cardiovascular Risk. J Am Heart
Assoc. 2018;7:e009382.

11. da Silva RSN, da Silva DS, de Oliveira PC, Waclawovsky G,
Schaun MI. Effects of aerobic, resistance and combined training
on endothelial function and arterial stiffness in older adults: A
systematic review and meta-analysis. PLoS One.
2024;19:e0308600.

12. Beavers KM, Brinkley TE, Nicklas BJ. Effect of exercise training
on chronic inflammation. Clin Chim Acta. 2010;411:785–93.

13. Silva FM, Duarte-Mendes P, Teixeira AM, Soares CM, Ferreira
JP. The effects of combined exercise training on glucose meta-
bolism and inflammatory markers in sedentary adults: a systematic
review and meta-analysis. Sci Rep. 2024;14:1936.

14. Makama M, Awoke MA, Skouteris H, Moran LJ, Lim S. Barriers
and facilitators to a healthy lifestyle in postpartum women: A
systematic review of qualitative and quantitative studies in post-
partum women and healthcare providers. Obes Rev.
2021;22:e13167.

15. Lancaster GA, Thabane L. Guidelines for reporting non-
randomised pilot and feasibility studies. Pilot Feasibility Stud.
2019;5:114.

16. Czajkowski SM, Powell LH, Adler N, Naar-King S, Reynolds
KD, Hunter CM, et al. From ideas to efficacy: The ORBIT model
for developing behavioral treatments for chronic diseases. Health
Psychol. 2015;34:971–82.

17. Selman R, Early K, Battles B, Seidenburg M, Wendel E, Wes-
terlund S. Maximizing Recovery in the Postpartum Period: A
Timeline for Rehabilitation from Pregnancy through Return to
Sport. Int J Sports Phys Ther. 2022;17:1170–83.

18. Hayman M, Reaburn P, Browne M, Vandelanotte C, Alley S,
Short CE. Feasibility, acceptability and efficacy of a web-based
computer-tailored physical activity intervention for pregnant
women - the Fit4Two randomised controlled trial. BMC Preg-
nancy Childbirth. 2017;17:96.

19. Sanchis-Gomar F, Perez MV, Perez-Quilis C, Lippi G, Lavie CJ,
Haddad F, et al. The Acquisition of Cardiovascular Adaptation to
Aerobic Exercise: When Does It Begin and How Does It Evolve
Depending on Intrinsic and Extrinsic Factors?. Can J Cardiol.
2025;41:386–97.

20. Mottola MF. Physical activity and maternal obesity: cardiovas-
cular adaptations, exercise recommendations, and pregnancy
outcomes. Nutr Rev. 2013;71:S31–6.

21. Gliklich RE, Dreyer NA, Leavy MB, editors. Registries for
Evaluating Patient Outcomes: A User’s Guide. 3rd edition.
Rockville (MD): Agency for Healthcare Research and Quality
(US). 2014 Apr. 12, Adverse Event Detection, Processing, and
Reporting. https://www.ncbi.nlm.nih.gov/books/NBK208615/.

22. Laboratories ATSCoPSfCPF. ATS statement: guidelines for the
six-minute walk test. Am J Respir Crit Care Med.
2002;166:111–7.

23. Sullivan GM, Feinn R. Using Effect Size-or Why the P Value Is
Not Enough. J Grad Med Educ. 2012;4:279–82.

24. Hardy ST, Loehr LR, Butler KR, Chakladar S, Chang PP, Folsom
AR, et al. Reducing the Blood Pressure–Related Burden of Car-
diovascular Disease: Impact of Achievable Improvements in
Blood Pressure Prevention and Control. J Am Heart Assoc.
2015;4:e002276.

25. Cook NR, Cohen J, Hebert PR, Taylor JO, Hennekens CH.
Implications of small reductions in diastolic blood pressure for
primary prevention. Arch Intern Med. 1995;155:701–9.

26. Bohannon RW, Crouch R. Minimal clinically important difference
for change in 6-minute walk test distance of adults with pathol-
ogy: a systematic review. J Eval Clin Pract. 2017;23:377–81.

27. McIntyre HD, Peacock A, Miller YD, Koh D, Marshall AL. Pilot
study of an individualised early postpartum intervention to
increase physical activity in women with previous gestational
diabetes. Int J Endocrinol. 2012;2012:892019.

28. Holmes VA, Draffin CR, Patterson CC, Francis L, Irwin J,
McConnell M, et al. Postnatal Lifestyle Intervention for Over-
weight Women With Previous Gestational Diabetes: A Rando-
mized Controlled Trial. J Clin Endocrinol Metab.
2018;103:2478–87.

29. Fjeldsoe BS, Miller YD, Marshall AL. MobileMums: a rando-
mized controlled trial of an SMS-based physical activity inter-
vention. Ann Behav Med. 2010;39:101–11.

30. Barbosa W, Zhou K, Waddell E, Myers T, Dorsey ER. Improving
Access to Care: Telemedicine Across Medical Domains. Annu
Rev Public Health. 2021;42:463–81.

31. Halbert JA, Silagy CA, Finucane P, Withers RT, Hamdorf PA,
Andrews GR. The effectiveness of exercise training in lowering
blood pressure: a meta-analysis of randomised controlled trials of
4 weeks or longer. J Hum Hypertens. 1997;11:641–9.

32. Brites-Lagos C, Ramos L, Szumilewicz A, Santos-Rocha R.
Feasibility of a Supervised Postpartum Exercise Program and
Effects on Maternal Health and Fitness Parameters-Pilot Study.
Healthcare. 2023;11:2801.

33. Amorim Adegboye AR, Linne YM. Diet or exercise, or both, for
weight reduction in women after childbirth. Cochrane Database
Syst Rev. 2013;2013:CD005627.

34. Magnus MC, Wallace MK, Demirci JR, Catov JM, Schmella MJ,
Fraser A. Breastfeeding and Later-Life Cardiometabolic Health in
Women With and Without Hypertensive Disorders of Pregnancy.
J Am Heart Assoc. 2023;12:e026696.

35. Varghese T, Schultz WM, McCue AA, Lambert CT, Sandesara
PB, Eapen DJ, et al. Physical activity in the prevention of cor-
onary heart disease: implications for the clinician. Heart.
2016;102:904–9.

36. Warburton DE, Nicol CW, Bredin SS. Health benefits of physical
activity: the evidence. CMAJ. 2006;174:801–9.

37. Gibbs BB, Modlin S, Merz NB, Haas DM, Khan SS, Lane A,
et al. Leisure Physical Activity, Sedentary Behavior, and Cardi-
ovascular Health 2-7 Years after Pregnancy in the nuMoM2b
HHS Cohort. Med Sci Sports Exerc. 2025(e-pub ahead of print
20250203;https://doi.org/10.1249/MSS.0000000000003660).

38. Del-Valle-Soto C, Lopez-Pimentel JC, Vazquez-Castillo J,
Nolazco-Flores JA, Velazquez R, Varela-Aldas J, et al. A Com-
prehensive Review of Behavior Change Techniques in Wearables
and IoT: Implications for Health and Well-Being. Sensors.
2024;24.

39. Hausvater A, Pleasure M, Vieira D, Banco D, Dodson JA. Digital
Health Interventions for the Optimization of Postpartum Cardio-
vascular Health: A Systematic Scoping Review. Am J Prev Car-
diol. 2025;21:100917.

40. Ware JE Jr., Sherbourne CDTheMOS. 36-item short-form health
survey (SF-36). I. Conceptual framework and item selection. Med
Care. 1992;30:473–83.

41. Kolomanska-Bogucka D, Mazur-Bialy AI. Physical activity and
the occurrence of postnatal depression-a systematic review.
Medicina. 2019;55:560–76.

42. Polster M, Olscamp K, Barnett EY, Oziel R, Fisher DG, Dawson JM,
et al. Promoting Physical Activity During Pregnancy and the Post-
partum Period. J Midwifery Womens Health. 2023;68:596–603.

Postpartum cardio-obstetrics rehabilitation program for women after hypertensive pregnancy: A. . .

https://doi.org/10.1093/eurjpc/zwae165)
https://www.ncbi.nlm.nih.gov/books/NBK208615/
https://doi.org/10.1249/MSS.0000000000003660)

	Postpartum cardio-obstetrics rehabilitation program for women after hypertensive pregnancy: A single-arm proof-of-concept study
	Abstract
	Introduction
	Methods
	Study design
	Participants
	Intervention
	Outcome measures
	Implementation feasibility
	Self-reported health outcomes

	Statistical analysis

	Results
	Adherence
	Acceptability
	Adverse events
	Physical and behavioral changes after the rehabilitation program
	Perceived benefits and barriers to physical activity
	Cardiac rehabilitation-specific facilitators and barriers

	Discussion
	Feasibility and participant engagement
	Cardiovascular and functional outcomes
	Physical activity
	Quality-of-life and depression
	Barriers, facilitators, and participant perspectives
	Study limitations and future directions

	Conclusion
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




