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Background: Physical inactivity is a major contributor to cardiometabolic risk among 
employed women. Adaptive behavioural interventions provide an effective approach to 
increasing heart rate–based physical activity in this population. The objective was to evaluate 
the effectiveness of a 12-week stepwise behavioural intervention incorporating wearable 
devices, motivational messages, individualized calls, and online group sessions on moderate-
to-vigorous physical activity (MVPA) and heart rate–based outcomes. Methods: A Sequential 
Multiple Assignment Randomized Trial (SMART) was conducted among 280 low-active 
employed women. Participants were initially randomized to wearable monitoring alone or 
monitoring plus motivational text messaging for 4 weeks. Non-responders (<10% increase in 
MVPA) at week 4 were re-randomized to receive either coaching calls or online group sessions 
during weeks 5–8. All participants continued with monitoring alone during weeks 9–12. 
Primary outcomes included MVPA (min/day), duration of elevated heart rate, and estimated 
energy expenditure, measured objectively via wearable devices. Results: Both initial groups 
demonstrated increased MVPA at week 4, with significantly greater improvement in the text 
messaging group compared with monitoring alone (+12.7±10.8 vs. +6.8±9.3 min/day; 
p<0.001). Among 108 non-responders, participants receiving online group sessions showed 
greater gains than those receiving coaching (+9.1±8.5 vs. +4.2±7.7 min/day; p=0.002). 
Conclusion: Stepwise adaptive behavioural interventions using wearable monitoring combined 
with digital and social support effectively improve physical activity in employed women. 
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INTRODUCTION 

Physical inactivity remains one of the leading 
preventable causes of cardiovascular morbidity and 
mortality among women worldwide. According to 
the World Health Organization, insufficient physical 
activity accounts for nearly 6% of global deaths and 
significantly increases the risk of ischemic heart 
disease, stroke, type 2 diabetes, and breast cancer.1 
Women, particularly those balancing employment 
and family responsibilities, may face substantial 
barriers to physical activity, including time 
constraints, caregiving responsibilities, limited 
social support, and competing daily demands.2,3 
Employed women often experience additional 
workplace-related barriers such as sedentary office 
tasks, long working hours, and limited 
organizational support that further exacerbate 
physical inactivity.4 Addressing these gaps with 
scalable, evidence-based behavioural interventions 

is therefore essential for improving women’s 
cardiometabolic health. 

At the national level, physical inactivity is 
also a growing public health concern in Pakistan, 
where a substantial proportion of women do not 
meet recommended physical activity levels. 
Cultural norms, safety concerns, limited access to 
recreational facilities, and competing household 
responsibilities contribute to reduced participation 
in structured exercise among women.3 At the 
regional level, similar patterns are observed across 
South Asia, where rapid urbanization and lifestyle 
transitions have led to increasing sedentary 
behaviour and rising cardiometabolic risk among 
women. Despite this growing burden, there remains 
a lack of context-specific, scalable interventions 
targeting physical activity in working women across 
these settings.3 

Wearable technology has rapidly emerged 
as a promising tool for promoting physical activity 
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by providing continuous monitoring of heart rate, 
step count, and energy expenditure. Devices such as 
Garmin, Fitbit, and Apple Watch allow users to self-
monitor progress, receive real-time feedback, and 
engage in personalized goal-setting mechanisms 
shown to improve adherence to physical activity 
recommendations.5 Heart-rate–based monitoring, in 
particular, is considered a more accurate reflection 
of exercise intensity compared with step count 
alone, especially for women who may engage in 
varied forms of physical activity that do not always 
involve locomotion.6 Despite the popularity of 
wearables, evidence suggests that monitoring alone 
is often insufficient to produce sustained behaviour 
change, highlighting the need for additional 
behavioural support strategies to optimize 
effectiveness.7 

Behavioural interventions that incorporate 
motivational messaging, coaching, and group 
engagement have demonstrated efficacy in 
improving physical activity levels. Text messaging 
interventions have been shown to enhance 
motivation, reinforce self-efficacy, and support 
habit formation by delivering timely cues and health 
prompts.8 Personalized coaching, delivered through 
brief telephone sessions, can provide tailored 
feedback, problem-solving strategies, and 
accountability factors known to improve adherence 
among individuals with low baseline physical 
activity.9 Group-based virtual sessions add an 
important social dimension by promoting peer 
support, shared learning, and collective motivation, 
which may help sustain engagement over longer 
durations.10 However, the relative impact of these 
components, particularly when delivered in an 
adaptive, stepwise format, remains understudied. 

Sequential Multiple Assignment 
Randomized Trials (SMART) offer a rigorous 
methodological framework for developing adaptive 
behavioural interventions that evolve based on 
participant response.11 This design allows 
researchers to tailor intervention intensity and 
format to individual needs, thereby maximizing 
efficiency while minimizing unnecessary burden. 
SMART trials are especially well-suited for 
physical activity research, where participants vary 
widely in motivation, response to prompts, and 
adherence to self-monitoring technologies.12 Yet 
few studies have applied this framework 
specifically to employed women using heart-rate-
based wearable monitoring as the primary outcome 
measure. 

Given these gaps, the present study aimed 
to evaluate the effectiveness of a stepwise 
behavioural intervention incorporating Garmin 
wearable monitoring, motivational text messaging, 

individualized coaching calls, and online group 
sessions to increase heart-rate-based physical 
activity among employed women. By using a 12-
week SMART design, this study provides novel 
evidence on how adaptive intervention strategies 
can enhance engagement and sustain improvements 
in moderate-to-vigorous physical activity (MVPA), 
heart rate zone duration, and energy expenditure. 
Understanding which components yield the largest 
benefit is critical for designing efficient, scalable 
interventions that address the unique barriers faced 
by working women. 

MATERIAL AND METHODS 
This study employed a 12-week Sequential Multiple 
Assignment Randomized Trial (SMART) design to 
evaluate the effectiveness of adaptive behavioural 
interventions for improving heart rate–based 
physical activity among employed women. The 
intervention was delivered in three phases. During 
weeks 1–4, participants were randomized to either 
Garmin monitoring alone or Garmin monitoring 
plus motivational text messaging. At week 4, 
response to treatment was assessed using change in 
moderate-to-vigorous physical activity (MVPA). 
Participants who achieved at least a 10% increase in 
MVPA were classified as responders and continued 
with Garmin monitoring alone. Participants with 
less than a 10% increase were classified as non-
responders and rerandomized during weeks 5–8 to 
receive either individualized coaching calls or 
online group sessions. During weeks 9–12, all 
participants continued with Garmin monitoring 
alone to assess maintenance of behaviour change.  

A total of 280 employed women were 
enrolled in the study. Eligible participants were 
aged 18–60 years, worked at least 30 hours per 
week, and reported engaging in less than 60 minutes 
of moderate-to-vigorous physical activity (MVPA) 
per week during the screening assessment. 
Participants were also required to own a smartphone 
compatible with Garmin Connect and to be willing 
to wear a Garmin device throughout the study 
period. Following enrolment, objective baseline 
MVPA was measured using the Garmin wearable 
during the baseline monitoring period. Device-
measured baseline activity was not used 
retrospectively to determine eligibility. Women 
were excluded if they were pregnant or planning 
pregnancy, had medical contraindications to 
moderate-intensity exercise, were participating in 
structured fitness or weight-management programs, 
or had undergone bariatric surgery within the 
previous year. Participants were recruited through 
workplace announcements, organizational 
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newsletters, and community postings in Islamabad, 
Pakistan, between January and April 2025. 

The sample size was calculated to detect a 
meaningful difference in moderate-to-vigorous 
physical activity (MVPA) between intervention 
groups using a two-sample comparison of means. 
The calculation was based on the formula: 

� =
2��(��/� + ��)

�

Δ�
 

where n is the sample size per group, σ is the 
standard deviation, Δ is the expected mean 
difference, Z₍α/2₎ corresponds to the significance 
level, and Z₍β₎ represents statistical power. 

Assuming a standard deviation (σ) of 10 
minutes/day and an expected difference (Δ) of 5 
minutes/day in MVPA between groups, with a two-
sided α of 0.05 (Z = 1.96) and 80% power (Z = 
0.84), the estimated sample size was approximately 
126 participants per group. 
To account for the adaptive design of the Sequential 
Multiple Assignment Randomized Trial (SMART) 
and an anticipated attrition rate of 10–15%, the total 
sample size was increased to 280 participants to 
ensure adequate power for both primary and 
secondary analyses, including subgroup 
comparisons following re-randomization. 

Participants underwent a two-stage 
randomization procedure. In the first stage, all 280 
participants were randomly assigned in a 1:1 ratio 
to either the Garmin-only group or the Garmin + text 
message group using a computer-generated 
sequence with permuted block sizes. 
Randomization was stratified by age and BMI to 
ensure balanced allocation across groups. After the 
initial 4 weeks, participants’ physical activity data 
were evaluated to determine early response. At 
week 4, 108 participants (38.6%) were classified as 
non-responders (<10% MVPA increase). 
Participants who met the responder criterion (≥10% 
MVPA increase at week 4) were not rerandomized 
and continued Garmin-only monitoring during 
weeks 5–8. The 108 non-responders were 
rerandomized to receive either personal coaching 
calls (n=54) or online group sessions (n=54) Figure 
1.  

All participants received a Garmin 
wearable device capable of continuously tracking 
heart rate, MVPA, and energy expenditure. In the 
Garmin-only condition, participants used the device 
independently without external prompts. In 
contrast, participants in the Garmin + text 
messaging group received motivational and 
informational text prompts 3–5 times per week. 

These messages were designed to encourage daily 
activity, reinforce goal-setting, and remind 
participants to monitor their progress. During the 
augmented phase, non-responders assigned to the 
coaching call arm participated in weekly 
individualized telephone sessions with trained 
facilitators who provided personalized feedback, 
activity planning, and problem-solving strategies. 
Those in the group session arm attended virtual 
group meetings that emphasized peer support, 
shared experiences, and guided behavioural 
discussions. During the maintenance phase (weeks 
9–12), all participants reverted to Garmin-only 
monitoring to determine whether earlier 
improvements persisted once supportive elements 
were withdrawn. 

The primary outcome of interest was 
moderate-to-vigorous physical activity (MVPA), 
measured in minutes per day using heart rate data 
captured by the Garmin device. Secondary 
outcomes included time spent in elevated heart rate 
zones and estimated daily energy expenditure. The 
wearable device provided continuous, objective 
measurement of these parameters throughout the 
12-week study duration. Baseline values were 
collected during the first week of device use, and 
subsequent measurements were extracted at the end 
of each study phase (weeks 4, 8, and 12). The 
classification of non-responders at week 4 was 
based on percentage change in MVPA relative to 
baseline values. 

The study was conducted in accordance 
with the ethical principles outlined in the 
Declaration of Helsinki and adhered to guidelines 
for research involving human participants. Ethical 
approval was obtained from the Institutional 
Review Board/Ethics Committee of Islamabad 
Specialized Hospital before initiation of the study 
(Approval No: RGD/25/069). All participants 
provided written informed consent, and study data 
were anonymized prior to analysis.  

Continuous variables were summarized as 
mean ± standard deviation (SD). Between-group 
differences in change scores during the initial and 
augmented intervention phases were assessed using 
independent-samples t-tests. Mean between-group 
differences with corresponding 95% confidence 
intervals were calculated. Within-group changes 
from baseline during the maintenance phase were 
assessed using appropriate paired comparisons. 
Statistical significance was assessed using a two-
sided alpha level of 0.05. All statistical tests were 
two-tailed. 
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Figure-1: CONSORT flow diagram of participant progression through the SMART trial. 

 

RESULTS 

A total of 280 employed women were randomized, 
with 140 assigned to the Garmin-only arm and 140 to 
the Garmin + text messaging arm. The mean age of 
participants was 42.7±10.8 years, and the mean BMI 
was 27.6±4.9 kg/m². Most participants were college 
educated (61.4%) and employed full-time (95.3%). 
Baseline MVPA averaged 12.3±6.8 minutes/day, and 
baseline elevated heart rate duration was 41.2±19.6 
minutes/day. Although eligibility was based on self-
reported MVPA of <60 min/week at screening, 
objective Garmin monitoring during the baseline 
period showed a mean MVPA of 12.3±6.8 min/day. 
This difference reflects the use of different assessment 
methods for screening and baseline measurement. No 
significant baseline differences were observed 
between the two initial randomization groups (Table 
1). 

Mean MVPA increased by 12.7±10.8 
min/day in the Garmin + text messaging group 
compared with 6.8±9.3 min/day in the Garmin-only 
group, corresponding to a mean between-group 
difference of 5.9 min/day (95% CI 3.5–8.3; p<.001). 
Elevated heart rate duration was also greater in the 
Garmin + text messaging group, with a mean 
difference of 6.2 min/day (95% CI 3.4–9.0; p<.001). 
Energy expenditure increased by an additional 59.4 
kcal/day (95% CI 37.6–81.2; p< .001) compared with 
Garmin monitoring alone. (Table 2). 

At week 4, 108 participants (38.6%) were 
classified as non-responders, defined as achieving less 
than a 10% increase in MVPA from baseline. 
Participants who met the responder criterion were not 
rerandomized and continued with Garmin-only 

monitoring during weeks 5–8. The 108 non-
responders were rerandomized to receive either 
individualized coaching calls (n = 54) or online group 
sessions (n = 54).  

Among non-responders, participants 
assigned to online group sessions demonstrated greater 
improvement than those assigned to coaching calls. 
MVPA increased by 9.1±8.5 min/day compared with 
4.2±7.7 min/day, corresponding to a mean between-
group difference of 4.9 min/day (95% CI 1.8–8.0; p= 
.002). Elevated heart rate duration increased by 
15.3±12.2 versus 7.2±10.6 min/day, with a mean 
difference of 8.1 min/day (95% CI 3.7–12.5; p < .001) 
(Table 3). 

During the maintenance phase, all 
participants continued with Garmin monitoring alone. 
Although some attenuation of effect was observed 
after withdrawal of active supports, outcomes 
remained significantly improved compared with 
baseline. At week 12, mean MVPA remained 7.4±8.9 
minutes/day above baseline (p < .001). Elevated heart 
rate duration and estimated daily energy expenditure 
also remained significantly higher than baseline, with 
mean increases of 12.8±15.4 minutes/day and 
116.7±92.5 kcal/day, respectively (Table 4, Figure 2).  
 Mean MVPA (minutes/day) over 12 weeks 
for Garmin-only, Garmin + text messaging, and non-
responder subgroups (coaching calls vs. group 
sessions). Data points represent mean MVPA values; 
error bars indicate standard errors. Non-responders 
were rerandomized at week 4. Group sessions 
produced significantly greater improvements in 
MVPA compared with coaching calls during the 
augmented phase (p = 0.002). 
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Values are presented as mean ± SD or percentage (%). 
No significant between-group differences were 
observed at baseline (all p> .10). MVPA indicates 
moderate-to-vigorous physical activity; HR, heart rate. 
 Values represent mean change from baseline 
± SD. Between-group comparisons of change scores 
were conducted using independent-samples t-tests. 
Mean differences are presented with 95% confidence 
intervals. MVPA = moderate-to-vigorous physical 
activity; HR = heart rate. 
 Non-responders were defined as participants 
with <10% increase in MVPA from baseline to week 
4. Values represent mean change from week 4 ± SD. 
Group sessions produced significantly greater 
increases in MVPA and elevated HR duration 
compared with personal coaching calls. 
 Values represent mean change from baseline 
± SD. Improvements in MVPA, elevated HR duration, 
and energy expenditure were attenuated after 

withdrawal of active supports but remained 
significantly above baseline (p< .05 for all outcomes) 

 
Figure-2: Trajectory of Moderate-to-Vigorous 
Physical Activity (MVPA) Across Intervention 

Phases 
 
 

Table-1: Baseline Demographics of Study Participants by Initial Randomization Group 
Variable Garmin only (n=140) Garmin + Text (n=140) Total (N=280) 
Age (years) 42.5±11.2 42.9±10.5 42.7±10.8 
BMI (kg/m²) 27.4±4.7 27.8±5.0 27.6±4.9 
Married/partnered (%) 58 59.8 58.9 
College educated (%) 60.5 62.3 61.4 
Full-time employed (%) 94.8 95.7 95.3 
Baseline MVPA (min/day) 12.1±6.6 12.5±7.0 12.3±6.8 
Baseline elevated HR duration (min/day) 40.9±19.4 41.6±19.8 41.2±19.6 

 
Table-2: Change in Heart Rate–Based Physical Activity During Initial Phase (Weeks 1–4) 

Outcome Garmin only (n=140) Garmin + Text (n=140) Mean difference (95% CI) p-value 
MVPA (min/day) +6.8 ± 9.3 +12.7 ± 10.8 5.9 (3.5–8.3) <0.001 
Elevated HR duration (min/day) +8.4 ± 11.2 +14.6 ± 12.7 6.2 (3.4–9.0) <0.001 
Energy expenditure (kcal/day) +83.2 ± 89.7 +142.6 ± 95.4 59.4 (37.6–81.2) <0.001 

 
Table-3: Outcomes for Non-Responders During Augmented Phase (Weeks 5–8) 

Outcome Coaching Group sessions Mean Difference 95% CI p-value 
MVPA 4.2 ± 7.7 9.1 ± 8.5 4.9 1.81–7.99 0.002 
Elevated HR duration 7.2 ± 10.6 15.3 ± 12.2 8.1 3.74–12.46 <0.001 

 
Table-4: Maintenance Phase Outcomes (Weeks 9–12, All Participants) 

Outcome Week 12 Change from Baseline p-value 
MVPA (min/day) +7.4 ± 8.9 <0.001 
Elevated HR duration (min/day) +12.8 ± 15.4 <0.001 
Energy expenditure (kcal/day) +116.7 ± 92.5 <0.001 

  

DISCUSSION  

This study demonstrated that a stepwise behavioural 
intervention integrating wearable monitoring, 
motivational text messaging, individualized coaching, 
and online group sessions significantly improved heart 
rate–based physical activity among employed women 
over 12 weeks. The findings are particularly important 
because they show how a SMART design can be used 
to identify which intervention components are most 
effective at different stages of behaviour change. 

Motivational text messaging enhanced early 
engagement, while online group sessions produced the 
greatest improvements among non-responders, 
indicating that adaptive sequencing of support may be 
more effective than delivering the same intervention 
intensity to all participants. 

The significant increases in MVPA observed 
in both initial intervention arms align with previous 
research demonstrating that wearable activity trackers 
can enhance self-monitoring, goal setting, and daily 
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awareness of physical activity patterns.5,13 Several 
systematic reviews and meta-analyses have 
demonstrated that wearable activity trackers can 
produce meaningful increases in physical activity, 
including improvements in daily step counts and 
walking duration.14 However, consistent with our 
findings, multiple meta-analyses suggest that 
wearables are most effective when combined with 
behavioural strategies, digital prompts, or coaching 
components.15 In the present study, participants 
receiving Garmin plus text messaging showed greater 
early gains than those using Garmin alone, suggesting 
that wearable-generated self-monitoring may be 
strengthened by brief external motivational cues. 

The use of motivational text messages in the 
early phase of intervention may have been particularly 
impactful among employed women, a demographic 
shown to respond well to brief, convenient, low-
burden behavioural nudges.8,16 Prior literature 
indicates that text-based prompts increase physical 
activity by encouraging micro-bursts of movement 
during work hours, reminding participants to achieve 
heart-rate targets, and providing accountability 
without requiring extended time commitments.17 This 
is especially valuable in working women, for whom 
low-burden and easily scalable strategies are more 
likely to be feasible in real-world settings. The larger 
early improvement seen in the text messaging group 
therefore supports the role of mobile prompts as an 
accessible first-line component in adaptive physical 
activity interventions. 

A key strength of this study was the use of a 
SMART design, which enabled intervention 
intensification for participants who did not respond 
adequately during the first phase. Among non-
responders, online group sessions produced greater 
improvements in MVPA and elevated heart rate 
duration than individualized coaching calls. This 
finding aligns with social cognitive theory, which 
emphasizes the role of social support, modelling, and 
group accountability in sustaining health behaviors.18 
Evidence from virtual and in-person group-based 
activity programs suggests that peer discussion, shared 
experiences, and collective goal-setting enhance 
motivation and adherence, particularly among 
women.19,20 Our findings extend this literature by 
showing that group-based support may be especially 
useful as a second-stage strategy for participants who 
do not respond to lower-intensity digital support alone. 

Although individualized coaching also 
improved outcomes, its effects were smaller than those 
observed with group sessions. Previous research 
suggests that group-based interventions may provide 
additional motivational benefits through peer support, 
shared accountability, and social reinforcement 
compared with individually delivered support.9,21 

Participants in group settings often benefit from 
mutual encouragement, friendly competition, and 
greater emotional support mechanisms that may be 
especially relevant for women balancing work, home 
responsibilities, and limited time for physical 
activity.22 Thus, the present findings help clarify a 
preliminary adaptive decision rule: participants may 
begin with wearable monitoring plus text messaging, 
and those who fail to achieve an early improvement in 
MVPA may benefit more from escalation to group-
based support than to one-to-one coaching. 

During the maintenance phase, physical 
activity gains declined after withdrawal of active 
support, but remained significantly above baseline. 
This pattern suggests that earlier intervention 
components facilitated at least partial habit formation 
and improved self-monitoring awareness, even though 
continued reinforcement may be needed to sustain 
maximal benefit.23 Similar attenuation after 
discontinuation of active support has been observed in 
other behavioural intervention studies.24 The 
persistence of some benefit at week 12 nevertheless 
indicates that adaptive behavioural support can 
produce short-term changes that extend beyond the 
active intervention period.25 Future studies should 
examine whether lower-intensity maintenance 
strategies, such as booster text messages or periodic 
peer contact, can help preserve these gains over longer 
follow-up periods. 

An additional contribution of this study is its 
focus on heart rate–based activity outcomes rather 
than relying solely on step counts or self-reported 
activity. This approach provides a more 
physiologically meaningful estimate of exercise 
intensity and may better capture health-relevant 
changes in women whose activity patterns do not 
always involve continuous walking or step-based 
movement. Standardizing terminology around heart 
rate–based physical activity also strengthens the 
clarity of the intervention’s outcome framework.6,26 

Despite its strengths, the study has 
limitations. The sample consisted of employed women 
with access to smartphones and wearable technology, 
which may limit generalizability to lower-income, 
rural, or non-employed populations. Adherence to 
device wear was self-directed and may have 
introduced some variability in measurement. In 
addition, follow-up was limited to 12 weeks, 
preventing assessment of longer-term adherence and 
relapse. These limitations should be considered when 
interpreting the findings, but they do not diminish the 
study’s value as an initial test of an adaptive, scalable 
behavioural intervention in a high-risk but 
understudied population. 

Overall, this study provides evidence that 
adaptive intervention sequencing can enhance 
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physical activity outcomes among employed women. 
The SMART design did not merely test whether the 
intervention worked; it also generated clinically useful 
information about when and for whom specific 
components may be most beneficial. Wearable 
monitoring combined with motivational text 
messaging appears effective for initiating behaviour 
change, whereas online group sessions may be the 
better augmentation strategy for early non-responders. 
These findings have practical implications for 
designing efficient, scalable, and responsive physical 
activity interventions for women in workplace and 
community settings. 
Recommendations 
Workplace interventions should integrate wearable 
monitoring with motivational text messaging to 
enhance initial physical activity engagement among 
employed women. For non-responders, group-based 
sessions are recommended due to their greater 
effectiveness and scalability compared to individual 
coaching. Sustained support strategies, such as 
periodic digital prompts, may help maintain long-term 
behaviour change. Future studies should assess long-
term outcomes, cost-effectiveness, and applicability 
across diverse populations. 

CONCLUSION 

This study demonstrates that a stepwise, adaptive 
behavioural intervention incorporating wearable 
monitoring, motivational text messaging, 
individualized coaching, and online group sessions 
can significantly improve heart-rate–based physical 
activity among employed women. The findings 
highlight that different intervention components exert 
their strongest effects at different stages of behaviour 
change: text messaging enhanced early engagement, 
while group sessions were particularly effective in 
augmenting activity levels among non-responders. 
Improvements in moderate-to-vigorous physical 
activity, elevated heart rate duration, and energy 
expenditure persisted, albeit partially, during the 
maintenance phase, suggesting initiation of habit 
formation and internalization of self-monitoring 
behaviours. Overall, this research provides strong 
evidence supporting the use of technology-supported, 
adaptive health interventions to address physical 
inactivity in working women a population with unique 
time and motivation barriers. These insights can guide 
the development of scalable, low-burden intervention 
models for improving cardiometabolic health in 
women across diverse workplace settings. 
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