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Abstract

Background: Managing physiological risk factors (blood pressure, lipids, stress, blood
glucose) post-stroke is essential yet challenging. In this sub-study of a feasibility random-
ized controlled trial, we examined changes in these parameters following a stroke-tailored
mindfulness-based intervention (MBI) compared with an attention control. Methods: Par-
ticipants 3-18 months post-stroke were recruited from the Australian Stroke Clinical Reg-
istry (May 2021-July 2023) and randomized 1:1 to a 12-week MBI (weekly yoga + >3 home
meditation sessions) or attention control (education and peer support). All attended weekly
60-min classes. Outcomes included blood pressure and stress (perceived stress scale, hair
cortisol). A sub-group (n = 17) also had HbAlc and lipid profile assessed. Descriptive
statistics, within-group effect sizes (Cohen’s d), and generalized linear modeling were used.
Results: A total of 38 participants were randomized with 36 participants completing the
trial (mean age 69 years; 72% male), and the MBI group showed greater within-group im-
provements in blood pressure, with clinically meaningful reductions in systolic (5 mmHg;
d = 0.35) and diastolic (4 mmHg; d = 0.41) values, compared to smaller effects in the
control group. Exploratory trends suggested favorable change in lipid profiles (HDL and
LDL) in the MBI group, while triglycerides improved in the control group. No changes
were observed for HbAlc. Stress markers, including hair cortisol, showed positive trends
in the MBI group (d = 0.52). No significant between-group differences were detected.
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Conclusions: This sub-study of a well-designed, rigorous feasibility trial provides pre-
liminary findings of clinically meaningful differences in blood pressure and lipid profiles
in the MBI group. The findings support the potential of MBIs in managing post-stroke
cardiovascular risk factors and warrant larger trials to confirm these preliminary effects.

Keywords: mindfulness; stroke; feasibility trial; biomarkers; risk factors; blood pressure

1. Introduction

Stroke is a leading cause of long-term disability and mortality in Australia and globally,
with survivors at high risk of recurrence, estimated at 11% within one year and 26% within
5 years [1,2]. A second stroke often results in more severe disability or death, underscoring
the need for effective prevention [3]. Survivors often struggle to manage physiological risk
factors such as elevated blood pressure, blood lipids, and blood glucose, and stress, which
increase recurrence risk [4]. Effective management is crucial for reducing subsequent events
and improving post-stroke quality of life [4,5]. Traditional approaches to post-stroke sup-
port to manage risk factors have primarily focused on pharmacological interventions and
lifestyle modifications. However, there is a growing interest in complementary therapies
that address physical, physiological, and psychological health [6,7]. Despite these advances,
a significant gap exists in long-term, community-based support for people living with
stroke, and only a few therapies have been developed specifically for people with stroke.

Movement-based mindfulness interventions (MBIs), such as yoga and tai chi, have
gained attention for their potential benefits in managing cardiovascular and metabolic
health in people with chronic illnesses, including stroke [7-9]. Practices within these in-
terventions emphasize low-impact physical movements, breath regulation, and focused
attention, promoting relaxation and enhancing autonomic regulation [10]. Emerging evi-
dence suggests that MBIs may moderate physiological parameters, such as reducing systolic
blood pressure, cortisol levels, and blood glucose, through parasympathetic activation and
decreased sympathetic arousal [7,11,12]. Additionally, MBIs have been associated with
improved lipid profiles, including reductions in total cholesterol (TC) and low-density
lipoprotein (LDL) levels, and increases in high-density lipoprotein (HDL) [7,13,14]. Given
the elevated cardiovascular risk in people with stroke, MBIs may be a valuable addition to
current medical approaches to risk reduction strategies.

Another important factor influencing physiological responses is chronic stress, known
to cause inflammation in the body, which in turn exacerbates various diseases, includ-
ing hypertension, dyslipidemia, obesity, and depression, thereby increasing the risk of
adverse cardiovascular events [15]. There is systematic review-level evidence that MBIs
may be effective in reducing perceived stress and psychological symptoms such as anxiety
and depression among survivors of stroke [16,17]. These programs also contribute to
physiological benefits by lowering stress hormones like cortisol, which regulates blood
pressure and glucose metabolism [18]. Biological mechanisms linking MBIs to physiological
outcomes include regulation of the hypothalamic-pituitary-adrenal axis and autonomic
balance, both of which influence blood pressure, lipid metabolism, and glucose control
through reductions in sympathetic activation and inflammatory pathways [19-21]. While
the psychological benefits of MBIs in survivors of stroke are increasingly recognized
(e.g., reduced anxiety, depression, stress), their direct physiological effects remain underex-
plored. Most stroke-specific MBI studies to date have focused on psychological outcomes
in small, selective samples, with limited attention to physiological effects [7].
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Despite encouraging preliminary evidence, further rigorous and standardized research
is needed, as few studies have employed head-to-head randomized designs that control for
group dynamics. In this context, we conducted a co-designed feasibility trial comparing a
yoga-based MBI for survivors’ post-stroke against an attention control program (lifestyle
education and socialization), delivered via weekly 60-min sessions over 12 weeks. This
trial was based on a small wait-list controlled trial, which established feasibility but was
limited to survivors with hemiparesis [22]. Building on this prior research, we undertook a
co-design process with survivors of stroke, carers, and clinicians to adapt and expand the
program for broader applicability [23]. The resulting co-designed intervention was then
evaluated in the current Phase II feasibility trial. The primary feasibility study outcomes
of feasibility, acceptability, and broader exploratory outcomes will be reported separately.
A similar sub-study exploring the impact on mental health and quality of life has been
published elsewhere [24]. This present sub-study was exploratory and aimed to assess
potential changes (magnitude and direction) in physiological risk factors. For the purposes
of this sub-study, blood pressure and perceived stress were treated as primary exploratory
outcomes, given their clinical relevance and high data completeness. Blood biomarkers
(lipids and HbAlc) were considered secondary outcomes, as they were collected in a
smaller subset of participants.

2. Materials and Methods
2.1. Trial Design and Ethics

This was a Phase II feasibility, prospective, parallel two-group, double-blinded, ran-
domized controlled trial (RCT). The trial was approved by the Monash University Hu-
man Research Ethics Committee (MUHREC; ID: 1294) and conducted under the Decla-
ration of Helsinki. The trial conforms to the ICMJE Recommendation for the Conduct,
Reporting, Editing, and Publication of Scholarly Work in Medical Journals. Since our
feasibility trial was conducted during COVID-19 pandemic, the CONSERVE-CONSORT
checklist for RCTs, modified due to the COVID-19 Pandemic, and the CONSORT 2010 state-
ment: extension to randomized pilot and feasibility trials were used to report the results
(Supplementary Table S1) [25,26]. The trial was registered prospectively at the Australian
New Zealand Clinical Trials Registry (ACTRN12620000105943) on 5 February 2020.

2.2. Participants

Participants were recruited from the Australian Stroke Clinical Registry (AuSCR) [27]
if they had agreed to be contacted for research projects in response to their 90-day post-
hospital admission follow-up survey. Recruitment was conducted between May 2021 and
July 2023. Adult survivors of stroke were sent an invitation letter if discharged from the
hospital within 3-18 months of a stroke, were living in the community within 30 km (km)
of Monash University Brain Park facility (Clayton, VIC, Australia) and had agreed to be
contacted for research studies. Participants were recruited from within a 30 km radius of
the study site to minimize travel burden and ensure the feasibility of attendance.

2.3. Inclusion and Exclusion Criteria

Participants who returned an expression of interest were eligible and included if
they: (1) had access to email and /or SMS (to access the home practice guide, and receive
class reminders), (2) self-identified as users of electronic technology such as CD player
(to access home practice guide), (3) had a baseline Modified Rankin Score of 0 (i.e., no
disability) to 4 (i.e., may require some assistance but not constant care), (4) were able to
give informed written consent and (5) understood two-step verbal commands. If they were
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already enrolled in another clinical trial, participation was allowed provided there was no
risk of contamination between trials and minimal burden on the participant.

Participants were ineligible and excluded if: (1) undertaking a mindfulness program
(meditation, Tai Chi, yoga) or had done these regularly (e.g., >monthly in frequency) in
the 12 months before the stroke, (2) could not verbally communicate in English (due to
constraints of the budget, translation of yoga intervention delivery by experts into other
languages was not possible), (3) had significant language or communication impairments
that would restrict the ability to participate, (4) poor prognosis (unlikely to survive to
12 weeks following randomization), (5) presence of contraindications to magnetic resonance
imaging (MRI) (e.g., metallic or electronic implants not known to be safe), or (6) suffered
from claustrophobia (i.e., MRI scanner is space constrained).

2.4. Recruitment and Informed Consent Process

Once eligible participants were identified in the AuSCR database, the recruitment
procedure began with a two-phase mailout process based on a modified Dillman protocol
to maximize the response rate [28]. Personalized letters, an explanatory statement, consent
forms, an MRI eligibility screening checklist, and a pre-addressed postage-paid envelope
were supplied to participants. Only participants and the statistician were blinded. In this
feasibility trial, whereas the project coordinator (author TT) was not blinded. To maintain
participant blinding, the trial was described in the explanatory statement in general terms
as ‘a novel group-based class,” without disclosing specific details of the intervention or
attention control components. Interested potential participants provided their written
consent by returning a signed form (i.e., informed written consent was obtained from all
those participating). Once written consent was received, participants were contacted by
the Project Coordinator by phone to confirm eligibility. Subsequently, baseline assessments
were conducted at an agreed date and time at the Brain Park facility.

The COVID-19 pandemic significantly disrupted recruitment, with pauses from
March 2020 to February 2021 and from July to September 2021 due to restrictions in Mel-
bourne. Recruitment resumed only when conditions were safe. A risk mitigation plan was
implemented, including room capacity limits and advising participants to report symptoms
and avoid sessions if unwell. These measures were approved by MUHREC and the Brain
Park facility manager.

2.5. Randomization

Once the baseline data were obtained, participants were randomly assigned to the
intervention or the attention control arm. A 1:1 ratio randomization sequence, stratified
by age and stroke severity, was conducted through the REDCap database system. An
independent researcher created and uploaded the randomization sequence. Allocation
was concealed using REDCap’s automated assignment function, ensuring that study staff
enrolling participants could not predict or influence group assignment.

2.6. Intervention

The intervention (MBI) was adapted from an established yoga program [22], and
refined through stakeholder consultation, including input from survivors of stroke, carers,
allied healthcare professionals, and researchers. Details of the program have been reported
elsewhere [23].

Participants attended a 12-week program comprising weekly 60-min group classes,
delivered in a standardized format by trained yoga instructors, with up to five participants
per class. Classes incorporated low-impact movement sequences, attention-focused breath-
ing, and body awareness exercises, with individualized adaptations (e.g., chair support
for seated or transitional poses) based on participant needs. Instructors met with partic-
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ipants in a preliminary session to address specific requirements, particularly for motor
impairments, and to allay concerns about undertaking an MBI program.

Participants were also provided with audio-guided meditation sessions (20 min per
session) for home practice at least three times per week, with access to recordings via a
secure Google Drive folder. Home practice adherence was tracked using a weekly diary.
Carers could attend classes if space allowed, provided their involvement did not disrupt
group dynamics or the survivor’s participation. Expectations were clearly outlined and
agreed upon prior to carer involvement.

This MBI was designed to accommodate individual needs while maintaining a stan-
dardized delivery, offering a comprehensive approach to promoting physical and psycho-
logical well-being in survivors of stroke.

2.7. Attention Control

The control group participated in a 12-week program designed to match the interven-
tion group in duration, format, and level of social interaction. Each week, participants
attended a 60-min “lifestyle education with socialization” session, semi-facilitated by two
project staff. Sessions focused on general health and wellbeing topics identified through
an unmet needs survey, such as nutrition, returning to work, and driving post-stroke.
Mindfulness-related content or physical activity (e.g., meditation, yoga, Tai Chi) was delib-
erately excluded to avoid overlap with the intervention. Each session included a 15-20-min
pre-recorded presentation by a content expert or a survivor of stroke/carer from partnering
organizations, followed by an open discussion to promote peer engagement and social
connection. The attention control was held at the same venue and scheduled for the same
12-week duration and weekly 60-min group format as the MBI, ensuring equivalence in
contact time, setting, and social interaction.

2.8. Sub-Study Outcomes

Exploratory study outcomes were measured at two time points, i.e., baseline and
post-intervention (13-15 weeks post-randomization), as described below for the results to
be presented in this article.

2.9. Blood Pressure

Blood pressure was measured using the OMRON Automatic Blood Pressure Monitor
(Ultra-Premium HEM-7320; Omron Healthcare Co., Ltd., Kyoto, Japan). Participants were
asked to sit quietly and rest for 15 min with their legs uncrossed before measurement. Three
measurements were taken from each participant at each assessment, with a three-minute
rest between measurements. For analysis purposes, the mean of the second and third
readings were used for the analysis.

2.10. Blood Lipids and Glycated Hemoglobin (HbAIc)

TC, HDL, and triglycerides (TGs) were determined using the CardioChek PA analyzer
(point-of-care-system; PTS Diagnostics, Whitestown, IN, USA). LDL was calculated using
the equation: LDL = TC — HDL — [TG/5]. Glycated hemoglobin reflects the proportion
of glycated hemoglobin in the blood, indicating the average blood glucose level over the
past 3 months. A finger-prick technique was used to collect capillary blood samples in
those who consented to the test. Glycated hemoglobin was collected and analyzed using
A1CNow+ Portable HbAlc Test Kit (point-of-care device; PTS Diagnostics, Whitestown,
IN, USA). In this trial, a random reading was collected, i.e., participants were not required
to fast before any measurements. All equipment was calibrated before data collection. Data
on concomitant medications were not collected.
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2.11. Stress

Stress was measured using both a biological marker (hair cortisol) and a self-report
10-item Perceived Stress Scale (PSS-10).

The hair samples (50-100 hairs) were cut from the posterior vertex of the participant’s
scalp, as close to the scalp as possible, by a trained outcome assessor (SH). The hair
samples were stored in an envelope with a mark indicating the root end and stored at
room temperature in a non-airtight container until analysis and sent to the Hunter Medical
Research Institute in batches. For the analysis of hair cortisol, the proximal 2 cm of the hair
was cut, washed in isopropanol, and then left to dry. Hair was then ground into powder
using Precelly’s machine, and 1.5 mL of methanol was added to extract cortisol. The hair
samples were then incubated overnight on a shaker, centrifuged for 5 min at 10,000 rpm,
and 1 mL of supernatant was collected and incubated to dry in order to evaporate the
methanol. Finally, the hair samples were reconstituted in 100 uL of ELISA buffer and
stored at —20 °C until needed. Cortisol was measured using an ELISA kit according to kit
instructions (Stratech Scientific APAC Pty Ltd., Mona Vale, NSW, Australia) [29].

The PSS-10, a 10-item scale, was used to measure perceived psychological stress in all
participants, asking them to rate how stressful they perceived their life to be during the
previous month [30]. Item scores were rated on a 5-point scale (0 = never to 4 = very often),
and the overall score ranges from 0 to 40, with higher scores suggesting higher levels of
stress. The PSS-10 has been widely shown to have acceptable psychometric properties,
ref. [30] and has been used previously in stroke survivors [31].

2.12. Sample Size

For this sub-study, included as part of our feasibility trial, we did not pre-specify
a sample size. The feasibility trial aimed to recruit up to 30 participants per group. A
sample size of 12 per group is often sufficient for feasibility studies to provide appropriate
information [32]. The goal was not to estimate treatment effects with precision, but rather
to examine preliminary trends to inform a future effectiveness trial.

2.13. Statistical Analysis

An intention-to-treat approach was used, meaning participants were analyzed accord-
ing to the group to which they were initially randomized, irrespective of whether they
completed the entire 12-week program. Data were checked for normality. We present over-
all summaries across both groups, such as mean and standard deviation or median (Q1, Q3),
number and percentage, and proportion of missing data. To assess baseline differences
between the control and intervention groups, chi-square tests were used for categorical
variables, t-tests for continuous symmetric variables, and Wilcoxon rank-sum tests for
skewed continuous variables. Baseline characteristics were compared between participants
with and without blood sampling using independent-samples t-tests for continuous vari-
ables and chi-square tests for categorical variables to assess representativeness. As this
sub-study of a phase II feasibility trial was not powered to detect statistically significant
differences, exploratory analyses were conducted to examine the direction and magni-
tude of change between groups. Outcomes were analyzed for participants with complete
baseline and follow-up data. Within-group differences were calculated and reported as
effect sizes according to procedures described by Cohen: 0.2 to 0.50 = small to moderate;
0.51 to 0.80 = moderate to large; and >0.80 = large [33]. Between-group differences were
explored using generalized linear mixed models that included program type and time
(categorical) as fixed factors, with baseline scores entered as covariates and random in-
tercepts to account for repeated measures [34]. Effect sizes are reported alongside model
estimates to describe the magnitude of observed effects, consistent with the exploratory
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nature of this sub-study [24,35,36]. The significance level was set at p < 0.05 (two-tailed). All
statistical analyses were done using Stata statistical software, version 18.0 (StataCorp LLC.,
College Station, TX, USA).

3. Results

Overall, 642 AuSCR registrants were invited to participate in our trial, of which
93 (median age 69, 65% male) provided consent for further eligibility assessment (Figure 1).
Of these, 55 met the trial criteria, and 38 participants were recruited and randomized
(Table 1). A total of 36 participants completed the trial, with a mean age of 69 years
(72% male). Two dropped out from the intervention group (during the intervention)
as they were disinterested to continue. Preliminary adherence data indicate that most
participants (98%) attended at least 10 of the 12 sessions and engaged in prescribed home
meditation at least three times per week. Full feasibility outcomes will be reported in a
separate manuscript.

Enrollment

Invitation mailed out to
AuSCR registrants
(n=5642)
- Declined/did not respond
' (n=549)

Written consent received and
assessed for eligibility
(n=23)

Excluded (n=55)

s  Ineligible (n=38)

¥ « Could not participate due to
other reasons (n=17)

Randomised (n=38)

v

¥ [ Allocation ] ¥
Allocated to intervention (n= 20) Allocated to attention control (n=18)
s Recewed allocated intervention (n=20} + Received allocated intervention (n=18)

¥ [ Follow-Up ] ¥
Dropped out (n=2) Dropped out (n=0)
+ Discontinued intervention » Discontinued attention control (n=0)

(disinterested to continue) (n=2)
[ Analysis ] ¥

Analysed total cohort (n=18)
+ Infention-to-treat (n=1)

Analysed total cohort (n=18)

Figure 1. CONSORT flow diagram of participants in our feasibility trial.




Healthcare 2025, 13, 2940 8 of 14
Table 1. Baseline characteristics of participants recruited to the trial.
Intervention Control
Variables N =18 N =18 p-Value
n (%) n (%)
Demographics
Age, median (Q1, Q3) 69 (64, 76) 73 (65, 78) 0.67
Female 5 (25) 5 (28) 0.85
Stroke type
Ischemic 18 (90) 18 (100)
Hemorrhagic 2 (10) 0 (0) 0.17
Stroke Severity
NIHSS in hospital, median (Q1, Q3) 5(3,19) 4(1,14) 0.34
Able to walk during admission 10 (50) 9 (56) * 0.19
Slight to severe disability (mRS 2—4) 7 (37) 6 (35) 0.92

N = group total; n = count; Q1: Quartile 1; Q3: Quartile 3; NIHSS: National Institutes of Health Stroke Scale.
* missing n = 2.

Within-group changes in physiological risk factors showed small to moderate, non-
significant effect sizes (Tables 2 and S1). Blood pressure effect sizes were larger in the MBI
group compared to the attention control. Systolic blood pressure in the MBI group had
a Cohen’s d Sof 0.34 compared to 0.10 in the control group, with mean systolic pressure
decreasing from 136 mmHg at baseline to 131 mmHg post-intervention. Similarly, diastolic
blood pressure in the MBI group showed a Cohen’s d of 0.41 versus 0.11 in the control
group, with mean diastolic pressure decreasing from 82 mmHg at baseline to 78 mmHg
post-intervention (Table 2).

Table 2. Within and between-group differences in stress, blood pressure, glycated hemoglobin, and
blood lipids in participants who completed the trial.

s . Between-Groups
Within-Group Differences Differences *
Outcome Measure Attention Control MBI
Sample Baseline IntePr(\)zztI;tion Cohen’s Sample Baseline IntePr?/SetI;tion Cohen’s B Coefficient p-Value
. % . * o,
Size (n) Mean (SD) Mean (SD) d Size (n) Mean (SD) Mean (SD) d (95% CI)
Blood pressure
Systolic (mmHg) 18 140 (16.9) 139 (16.4) 0.10 18 136 (14.4) 131 (14.0) 0.34 —3.3(—11.4,4.8) 0.421
Diastolic (mmHg) 18 82(8.4) 81(7.6) 0.11 18 82(8.2) 78 (11) 0.41 —32(-87,2.3) 0.249
Stress
Perceg;‘f;lies"ress 18 14(9.1) 14 (8.6) 0 18 12 (5.8) 11 (6.6) 0.12 —0.8(—43,2.8) 0.667
Hair cortisol
7 15 (6.9 13 (5.2 0.34 8 15(9.6 11(1.2 0.52 —-1.5(-105,7.5 0.743
s /) 69) 52) ©6) 12 ( )
Blood glucose
HBA1c (%) 7 6.3(1.1)) 6.5(1.1) —0.22 10 5.8 (0.6) 6.1(0.8) —0.30 0.2(—0.2,0.6) 0.393

MBI: Movement-based mindfulness intervention; SD: Standard deviation; CI: Confidence Interval, HBAlc:
glycated hemoglobin. Cohen’s d: 0.2 to 0.50 = small to moderate effect size; 0.51 to 0.80 = moderate to large effect
size; and >0.80 = large effect size [30]. * The models included program, time (treated as a categorical variable),
and baseline scores as fixed covariates.

Blood lipid analyses were available for only a very small subset of participants. Given
this limitation, these data are presented in the Supplementary Materials (Table S1) as
preliminary only. As lipid data were available for only a subset of participants, baseline
characteristics were compared between those with and without blood sampling. No
significant differences were found in age or gender (p > 0.05), indicating that the subsample
with blood sampling was broadly representative of the full cohort. For participants with
available data (n = 17), no notable changes were observed for HbAlc levels in either group
(Table 2).
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In terms of stress markers, there was a small improvement in perceived stress scores for
the MBI group (effect size of 0.12) compared to no change in the control group (0.00), with
a mean perceived stress score decreasing from 12 to 11. The MBI group showed a moderate
reduction (Cohen’s d of 0.52) in hair cortisol, while the control group also experienced a
smaller reduction (0.34), with a greater difference in mean hair cortisol (pg/mg) seen in the
MBI group (Table 2).

To illustrate individual-level variability, we calculated the proportion of participants
in the MBI group who demonstrated improvement from baseline to post-intervention.
Specifically, 94% (17/18) showed a reduction in systolic blood pressure, 83% (15/18) re-
ported lower perceived stress scores, and 86% (6/7) had reductions in hair cortisol levels.
Although average effect sizes (Table 2) ranged from small to moderate (d = 0.12-0.52),
these proportions indicate that most participants showed change in the expected direction,
albeit with varying magnitude. No statistically significant between-group differences were
observed for any of the measured outcomes using generalized linear modeling (Table 2).

4. Discussion

In this sub-study of a feasibility trial, we explored the effects of a novel MBI compared
to a peer-based social group (attention control) on physiological biomarkers in community-
dwelling survivors of strokes, an area that remains underinvestigated. The main findings
were that, although between-group differences were not statistically significant, the MBI
group showed preliminary trends toward improved blood pressure regulation and possible
favorable changes in lipid profiles and physiological stress. Given the small sample size,
these findings should be interpreted with caution but are valuable for informing outcome
selection and sample size estimates for future adequately powered trials.

4.1. Blood Pressure

The larger effect sizes observed for systolic and diastolic blood pressure in the MBI
group were not statistically significant but indicate preliminary trends toward improved
blood pressure regulation in survivors of stroke, which may help reduce risks of recurrent
strokes. Specifically, mean systolic pressure decreased by 5 mmHg and mean diastolic
pressure decreased by 4 mmHg, both of which are recognized as clinically meaningful
reductions [37]. Evidence from similar studies supports our findings, showing that MBIs,
including practices like mindfulness-based stress reduction and paced breathing, can fa-
vorably moderate blood pressure. MBIs have been associated with reduced systolic blood
pressure in cardiovascular and hypertensive populations, likely through the effects on
the autonomic nervous system, which decrease sympathetic activation and promote relax-
ation [18,38]. Additionally, mindfulness with controlled and focused breathing has shown
promise for short-term blood pressure reductions by stimulating the parasympathetic
nervous system and moderating stress responses [12]. Research among people living with
stroke suggests that MBIs can assist in managing the physical and emotional challenges
associated with recovery, with noted improvements in mood and blood pressure regula-
tion [16]. As high blood pressure is the most prevalent and modifiable risk factor for stroke,
MBIs may offer a promising, non-pharmacological approach to suppose cardiovascular
risk reduction and recovery, underscoring the need for larger, targeted trials.

4.2. Blood Lipids

Data on blood lipids were available for only a small subset of participants, particularly
in the MBI group, therefore these analyses are presented in the Supplementary Materials
for transparency. Within this limited sample, small but non-significant preliminary changes
in LDL and HDL cholesterol are observed within the MBI group, while total cholesterol
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showing greater changes in the control group. No within-group differences were identified
for the TC/HDL ratio, though TG levels showed divergent trends between groups. These
exploratory findings are broadly consistent with prior studies suggesting that MBls may
support lipid regulation indirectly, through reductions in stress reactivity and improve-
ments in adherence to health behaviors such as diet and physical activity [39-41]. Given the
established role of LDL reduction in secondary stroke prevention and its central position
in current clinical guidelines [4,42], even small improvements are of potential relevance.
While HDL cholesterol plays a secondary role in risk stratification, favorable changes in
both LDL and HDL have been associated with reduced risk of recurrent vascular events.
However, due to funding constraints, point-of-care devices were only available for a subset
of participants (groups 3 and 4), and blood samples were limited to these groups. Given
the small sample size and use of point-of-care devices in only a subset of participants, these
results should be interpretated cautiously. This limitation underscores the need for ade-
quately powered studies with comprehensive biochemical sampling to better evaluate the
potential role of MBIs in cardiovascular risk reduction among survivors of stroke [43,44].

4.3. Glycated Hemoglobin

No significant HbAlc changes were observed, however, given the small sample size,
it remains uncertain whether MBIs influence glycemic control in this population. While
previous researchers have indicated that MBIs, like yoga and mindfulness-based stress
reduction, can lead to modest HbA1lc reductions, the results are variable, often small, and
not clinically relevant [45]. MBIs may effectively reduce stress and support emotional
well-being, thereby indirectly benefiting metabolic health in those with chronic conditions
like stroke [45,46]. Future research with larger samples is needed to clarify these potential
indirect effects.

4.4. Stress

Reductions in both perceived stress and hair cortisol levels observed in this study
suggest that MBIs may play a valuable role in post-stroke stress management. These
findings align with previous research showing that mindfulness-based stress reduction
and mindfulness-based cognitive therapy can significantly reduce stress, depression, and
anxiety in vascular disease populations [18]. Yoga-based MBIs have been shown to mod-
ulate the autonomic nervous system and regulate the hypothalamic—pituitary—adrenal
axis, reducing sympathetic activity, enhancing parasympathetic tone, and lowering cortisol
levels, thereby improving physiological stress regulation [11]. The inclusion of hair cortisol
as an objective measure of stress in our study offers a novel contribution. Unlike acute stress
markers, hair cortisol reflects cumulative cortisol exposure over weeks to months and pro-
vides a stable non-invasive measure of long-term physiological stress. Its ease of collection,
storage, and transport also makes it a practical tool for future clinical and research applica-
tions. Future studies should explore the mechanisms linking MBIs, stress physiology, and
recovery outcomes, integrating both subjective and objective stress measures to strengthen
the understanding of how these interventions may enhance post-stroke stress management.
While promising trends were observed in blood pressure (clinically significant differences),
lipid profiles, and stress markers within the MBI group, the lack of statistically significant
between-group differences emphasizes the need for larger, adequately powered trials to
validate these findings. These descriptive patterns also suggest the presence of potential
responders within the MBI group and underscore the value of further investigation in a
fully powered trial designed to explore individual treatment response.
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4.5. Strengths and Limitations

A key strength of this sub-study is the inclusion within a robust head-to-head random-
ized trial design, directly comparing the MBI intervention to attention control, addressing
the limitations of previous studies that relied on waitlist controls. By engaging both groups
in real-time, this approach minimized biases associated with passive controls and ensured
a more rigorous comparison. This design strengthens the evidence for the specific benefits
of MBIs and sets a higher standard for future research.

A limitation of this substudy and feasibility trial is the small sample size, influenced by
COVID-19-related recruitment challenges and restricted funding for point-of-care diagnos-
tic devices, which reduced the capacity to detect definitive effects. COVID-19 restrictions
primarily influenced recruitment, but we did not observe notable effects on retention or
outcomes. A detailed analysis of recruitment feasibility will be reported separately. Small
samples for some biomarkers (e.g., LDL, HDL, TG) further limit reliability and clinical
interpretability, so these findings should be viewed as exploratory. While the point-of-care
devices have demonstrated acceptable validity for rapid blood lipid and glucose measure-
ments, these devices may be less precise than central laboratory methods. This limitation
should be considered when interpreting the findings. Additionally, the absence of data
on medications, particularly those impacting blood pressure and lipid levels, which are
commonly prescribed to survivors of stroke, may have confounded the intervention’s effect
on physiological outcomes. Medication data were not collected as the primary aim of this
feasibility trial was to assess recruitment, retention, and acceptability. Future studies should
incorporate detailed medication data to allow adjustment for their effects on physiological
outcomes. Furthermore, in some cases, participants did not provide enough blood for the
point-of-care device to function, and others did not have sufficient hair samples available
for cortisol sampling, resulting in incomplete data. Restricting recruitment to within 30 km
of the study site was intended to support recruitment, retention, and avoid loss to follow-up.
We acknowledge that this criterion may have limited the generalizability of our cohort by
excluding people able and willing to travel further than 30 km.

As this was a small feasibility trial, observed within-group changes may have been
influenced by random variation or regression to the mean rather than true intervention
effects. These trends should therefore be considered preliminary indicators to guide the
design and powering of future trials. While feasibility trials focus on real-world viability
rather than statistical significance, the exploratory findings and limitations highlight the
need for a full-scale RCT to assess clinical outcomes with adequate power and appropriate
control of confounding variables.

5. Conclusions

Our findings suggest that MBIs may support secondary stroke prevention and cardio-
vascular health. While preliminary patterns in blood pressure, lipid profiles, and stress
markers appeared favorable in the MBI group, the small sample size and exploratory
design limit the ability to draw definitive conclusions. Importantly, this trial used a robust
RCT design with a 1:1 active control, enhancing the reliability of observed trends compared
to studies using waitlist controls. Future research should prioritize larger, adequately
powered RCTs to evaluate MBIs as complementary therapies for reducing cardiovascular
and metabolic risk in survivors of stroke.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390 /healthcare13222940/s1, Table S1: Preliminary Analysis of Blood
Lipid Outcomes Among Participants Who Completed the Trial.
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MBI Mindfulness-based intervention

MUHREC  Monash University Human Research Ethics Committee
PSS Perceived Stress Scale

RCT Randomized controlled trial

SMS Short message service
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