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Abstract

Background/Objectives: Type 2 diabetes (T2D) is associated with elevated cardiovascular
risk and mortality. While physical activity can reduce cardiovascular risk, sustaining
behavioral change remains challenging. Wearable activity trackers offer a scalable approach
to promote physical activity, but their effects on cardiovascular outcomes in adults with
T2D have not been well studied. To evaluate the impact of a wrist-worn activity tracker
on physical activity, cardiovascular markers, and metabolic outcomes in adults with T2D
over four weeks. Methods: This pilot randomized controlled trial included eight adults
with T2D (mean age 54.9 &+ 12.6 years; intervention (FIT) group: n = 5; control (CON)
group: n = 3). The intervention group received an activity tracker. Both groups used
the Fitbit app to track daily activity. Physical activity metrics (steps, walking distance,
energy expenditure) and cardiovascular markers (blood pressure, augmentation index,
pulse wave velocity, subendocardial viability ratio [SEVR]) were assessed pre- and post-
intervention. Non-parametric tests and Spearman correlations were used due to the small
sample size. Results: The FIT group showed significant increases in walking distance and
energy expenditure and reductions in systolic/diastolic blood pressure, pulse pressure,
and mean arterial pressure (all p < 0.04). SEVR trended toward improvement (p = 0.07). No
significant changes were seen in the CON group. Increased physical activity was strongly
correlated with reductions in pulse pressure (p = —0.88) and fasting glucose (p = —0.82; both
p <0.05). Conclusions: A brief wearable-based intervention improved physical activity
and cardiovascular markers in adults with T2D, supporting feasibility for diabetes care.

Keywords: arterial stiffness; cardiovascular health; physical activity; type 2 diabetes;
wearable activity trackers

1. Introduction

Diabetes mellitus represents a significant global health burden, currently affecting
approximately 38 million Americans—12% of the U.S. population—and 589 million adults
worldwide [1,2]. Global prevalence is projected to increase dramatically to 853 million by
2050, according to both established projections and recent systematic analyses [1]. Type 2
diabetes (T2D), which accounts for over 90% of all diabetes cases, is strongly associated
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with increased risk of cardiovascular disease (CVD), and patients face a two- to four-fold
higher risk of cardiovascular mortality compared to individuals without diabetes [3].

The etiology of T2D is multifactorial, but obesity and physical inactivity are the most
significant modifiable risk factors. These factors can increase the risk of developing T2D by
up to 17-fold [4]. While pharmacologic treatments such as metformin help regulate blood
glucose, lifestyle interventions, particularly structured physical activity, have demonstrated
greater efficacy in preventing or delaying disease onset [5]. Even modest weight loss (5-7%)
and regular moderate physical activity (150 min per week) can significantly reduce the
incidence of T2D and improve cardiovascular outcomes [5-8].

Despite these benefits, adherence to physical activity remains low due to barriers
such as low self-efficacy, limited support, and environmental constraints [9-11]. Tradi-
tional provider-led interventions can improve adherence but are often labor-intensive and
resource-demanding, creating a need for scalable, cost-effective alternatives [5,6,12].

Wearable activity trackers, such as Fitbit®, have emerged as promising tools to facilitate
behavior change [13]. These devices support self-monitoring through real-time feedback,
goal setting, motivational prompts, and health-related notifications. Wearable devices can
increase daily step counts by approximately 775 steps [14] and offer modest improvements
in weight management and glycemic control among individuals with T2D [15-20].

However, most prior studies have focused on behavioral or metabolic outcomes, with
relatively few randomized controlled trials evaluating the cardiovascular effects of wearable
interventions in people with T2D. Critical cardiovascular markers such as augmentation
index (Alx), pulse wave velocity (PWV), and subendocardial viability ratio (SEVR) are
often underreported. Arterial stiffness, a surrogate measure for cardiovascular risk, was
found to decrease following a 1-year period of step count monitoring using pedometers in
patients with T2D [15]; however, the relationship between the change of physical activity
level and risk of developing CVD remains unclear. Moreover, few studies have directly
linked wearable-facilitated physical activity to changes in cardiovascular risk in diabetic
populations [21,22].

Recent work has emphasized the utility of wearable technologies in translating phys-
ical activity guidelines into real-world, patient-centered strategies for chronic disease
prevention and management [18]. Given the rising global burden of diabetes, including its
associated morbidity and mortality, there is a growing demand for innovative, accessible
interventions that can complement traditional care models to reduce cardiovascular risk.

Accordingly, the objective of this study was to evaluate the effects of a wrist-worn
activity tracker on physical activity levels and cardiovascular health indicators in adults
with T2D over a four-week intervention period.

2. Materials and Methods
2.1. Study Design

This study was designed as a pilot randomized trial conducted over a four-week
intervention period to evaluate the feasibility and preliminary effects of a wearable ac-
tivity tracker intervention. Participants were randomly assigned in a 1:1 ratio to either
the intervention group (FIT) or the control group (CON) using a simple randomization
approach. The random allocation sequence was generated using a computer-based random
number generator by a research team member. As the same individual also assisted with
data collection, allocation was not concealed. This limitation is acknowledged given the
pilot nature of the study.

Due to the nature of the intervention, participants were not blinded to group as-
signment. The intervention and control conditions were not designed to appear similar;
therefore, participant blinding was not feasible.
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This pilot study enrolled a small sample based on logistical feasibility. The sample
size intended to explore feasibility and estimate preliminary effect sizes. The small sample
size and exploratory nature precluded formal power analysis and definitive hypothe-
sis testing. This trial was retrospectively registered with ClinicalTrials.gov (registration
number: NCT07144774).

2.2. Participants

Participants were recruited from clinical and community settings in the Hillsboro, Ore-
gon area. Eligibility criteria included adults aged 18 years or older with a confirmed diagno-
sis of T2D (hemoglobin Alc (HbAlc) > 6.5% or fasting plasma glucose > 126 mg/dL) [23].

Exclusion criteria comprised inability to ambulate independently without assistive
devices, current smoking, pregnancy or breastfeeding, habitual engagement in >150 min
of moderate-to-vigorous physical activity per week, and the presence of medical conditions
that could interfere with participation in physical activity (e.g., severe musculoskeletal dis-
orders, cognitive dysfunction). Screening was conducted via telephone or email interviews.
Written informed consent was obtained from all participants prior to enrollment.

2.3. Intervention

Both groups had Fitbit app installed on their smartphones to monitor step count,
walking /running distance, and energy expenditure (EE). However, only participants in the
FIT group were provided with a Fitbit wrist-worn device (Inspire 2® activity tracker, Fitbit
Inc., San Francisco, CA, USA) at baseline. Participants in the CON group did not receive
a wearable device but were instructed to carry their smartphones throughout the day to
enable step tracking via the app’s MobileTrack feature.

All participants were encouraged to gradually increase their daily step count by
500-1000 steps per day (approximately 0.6-0.8 km), aiming to reach at least 7500 steps
per day (approximately 5.6-5.8 km) by the end of the 4-week intervention. No structured
exercise programs were prescribed to either group.

Harms were not systematically assessed in this pilot study, given the low-risk nature
of the intervention. However, participants were encouraged to report any concerns, and no
adverse effects were noted.

2.4. Outcome Measures

Outcome assessments were conducted at two time points: baseline (T0) and four
weeks post-intervention (T1). Participants were instructed to fast for at least 8 h and
abstain from caffeine and alcohol for 12 h prior to each testing session to standardize
physiological measurements.

2.4.1. Primary Outcomes

Physical activity levels were assessed using daily step counts, walking distance, and
EE recorded through the Fitbit app and via the Global Physical Activity Questionnaire
(GPAQ) [24]. The GPAQ consists of 16 questions designed to estimate an individual’s
level of physical activity in 3 domains (work, transport, and recreational activities) and
time spent in sedentary behavior [25]. This questionnaire has strong reliability and good
validity [26].

Data were analyzed following the official GPAQ Analysis Guide from the World Health
Organization [27]. For each activity domain, physical activity intensity was expressed in
Metabolic Equivalent of Task (MET) units, and weekly physical activity was calculated in
MET-minutes using the following formula:

MET — min/week = days/week X minutes/day x MET value 1)
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Standardized MET values were applied: 8.0 METs for vigorous-intensity activity and
4.0 METs for moderate-intensity and transport-related activities (e.g., walking or cycling).
Total physical activity was determined by summing MET-min/week across all domains.
Sedentary behavior was calculated as the average number of minutes spent sitting per day.

Participants were classified as meeting the WHO physical activity guidelines if they
reported >600 MET-minutes per week, equivalent to at least 150 min of moderate-intensity
or 75 min of vigorous-intensity physical activity per week.

Step counts, walking distance, and EE at baseline (T0) were determined using the
3-day average of Fitbit app-recorded data prior to the start of the 4-week intervention.
At the end of the intervention (T1), average daily step count, walking distance, and EE
through the 4 weeks of intervention were calculated and compared with baseline values to
assess changes in physical activity within and between groups.

Cardiovascular risk indicators included systolic blood pressure (SBP) and diastolic
blood pressure (DBP), measured using an automated sphygmomanometer. Pulse pressure
(PP) and mean arterial pressure (MAP) were calculated from systolic and diastolic blood
pressure. Arterial stiffness indices, including augmentation index (Alx) and pulse wave
velocity (PWV) were assessed using applanation tonometry (SphygmoCor®, AtCor Medical,
Sydney, Australia). The subendocardial viability ratio (SEVR) was also measured as an
index of myocardial perfusion and coronary supply-demand balance.

2.4.2. Secondary Outcomes

Secondary outcomes included metabolic and anthropometric measures. Fasting
plasma glucose was measured in duplicate using an Accu-Chek® Guide Me glucome-
ter (Roche Diabetes Care, Inc., Indianapolis, IN, USA). Anthropometric measurements
included height, weight, waist and hip circumferences, from which BMI and waist-to-hip
ratio (WHR) were calculated.

In addition, the study explored potential associations between changes in physical
activity and cardiovascular risk markers, including SBP, DBP, PP, MAP, Alx, PWV, and
SEVR to evaluate whether increases in activity levels were linked to improvements in
vascular health.

2.5. Statistical Analysis

Descriptive statistics were computed to summarize baseline demographic and clinical
characteristics. Continuous variables were reported as means with standard deviations
unless otherwise noted. GPAQ data were summarized using medians and minimum-
maximum ranges. Categorical variables as frequencies and percentages.

All randomized participants who completed both baseline and post-intervention
assessments were included in the final analysis and were analyzed according to their
original group assignment. Participants with incomplete outcome data were excluded from
the analysis. Given the small sample size and pilot nature of the study, no imputation
methods were used to address missing data.

To evaluate changes in physical activity over the course of the 4-week intervention,
repeated weekly measures (Week 0 to Week 4) were analyzed using the Friedman’s tests.
Where significant omnibus effects were detected, Wilcoxon signed-rank tests were per-
formed as post hoc analyses to examine pairwise differences between time points.

To compare changes within groups from baseline (T0) to post-intervention (T1), the
Wilcoxon signed-rank test was used. Between-group differences at follow-up were assessed
using the Mann-Whitney U test. Associations between changes in physical activity and car-
diovascular risk markers were explored using Spearman’s rank correlation coefficients (p).
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To complement p-values and provide a sense of clinical relevance, effect sizes (r) were
calculated by dividing the standardized test statistic (Z) by the square root of the sample
size (n). Effect sizes were interpreted according to Cohen’s guidelines: small (v ~ 0.1),
medium (r ~ 0.3), and large (r > 0.5) [28].

All statistical analyses were two-tailed, with a significance level set at p < 0.05. As
this was a pilot feasibility study, findings should be interpreted with caution and used
to inform future sample size estimations and study design. All analyses were performed
using IBM SPSS Statistics for Windows, Version 29.0 (IBM Corp., Armonk, NY, USA). The
full trial protocol and statistical analysis plan are available upon reasonable request from
the corresponding author.

3. Results
3.1. Participant Characteristics

A total of sixteen individuals were screened for eligibility. Seven were excluded prior
to randomization, and the remaining nine participants were randomized to either the FIT
or CON group. One participant in the CON group withdrew during the intervention phase
due to time constraints. The remaining eight participants (FIT: n = 5, CON: nn = 3) completed
the 4-week intervention and were included in the final analysis (Figure 1).

[ Enrollment ] Assessed for eligibility (n=16)

Excluded
> - Did not respond (n=5)
- Declined to participate (n=2)

v

Baseline measurement (n=9)

Randomized (n=9)

A 4 A 4
Allocated toFIT (n=5) [ Allocation ] Allocated to CON (n=4)
Y
Y
Follow-U Completed CON (n=3)
Completed FIT (n=3) omow P Withdrew — Time constraints (n= 1)

v v

Analyzed for outcomes (n=5) [ Analysis ] Analyzed for outcomes (n=3)

Figure 1. CONSORT diagram showing participant flow through screening, randomization, allocation,
and follow-up for the 4-week intervention.

Baseline demographics and anthropometric characteristics are presented in Table 1.
The groups were comparable at baseline in terms of age, sex distribution, and ethnicity.
There were no significant differences between groups regarding initial measures of weight,
height, BMI, waist circumference, hip circumference, waist-to-hip ratio, fasting glucose
levels, physical activity level, and cardiovascular measures.
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Table 1. Participant Characteristics and Outcome Measures.

FIT (1 = 5) CON (1 = 3)
Measure Baseline Week 4 Baseline Week 4
Age (years) 51 [43-67] - 51 [47-59] -
Female (N; %) 1 (20%) - 1 (33.3%) -
Weight (kg) 72.7 [64.2-78.2] 71.8 [64.1-79.1] 79.1 [75.5-124.8] 78.2 [75.5-124.1]
Height (cm) 175.0 [169.0-175.0]  175.0 [168.5-175.0]  175.0 [171.8-178.0]  175.5 [172.2-178.0]
Body Mass Index (BMI)  23.7 [23.0-27.4] 23.5[23.2-27.9] 27.9 [25.7-40.0] 27.4 [25.5-39.8]
Waist Cl(rccl‘;r)“ference 95.2 [89.0-101.5] 94.5 [89.0-98.8] 98.8 [96.6-134.1] 102.2 [100.1-137.1]

Hip Circumference (cm)
Waist-to-Hip Ratio
Fasting Glucose
(mg/dL)

Heart Rate (bpm)
Systolic Blood Pressure
(mmHg)
Diastolic Blood Pressure
(mmHg)

Pulse Pressure (mmHg)
Mean Arterial Pressure
(mmHg)
Augmentation Index
HRY75 (%)

Pulse Wave Velocity
(m/s)
Subendocardial Viability
Ratio (%)

Step Count (steps/day)

Walking Distance
(km/day)
Energy Expenditure
(kcal/day)

99.1 [93.5-106.0]
1.0 [1.0-1.0]

180.5 [122.5-193.0]
79.0 [73.5-79.0]
139.0 [130.0-142.0]

80.0 [79.5-86.0]
51.0 [44.0-62.0]
100.7 [100.7-103.5]

30.0 [25.0-30.0]
7.0 [6.9-9.7]

118.0 [105.0-124.0]

5296.0
[5267.0-5573.0]

3.8 [3.5-4.0]

1704.4
[1682.6-1726.0]

98.8 [94.8-109.2]
0.9 [0.9-1.0]

133.2 [128.4-139.1]

63.5 [59.5-67.4]

117.0 [110.5-123.0]
*§

70.0 [63.0-79.5] *8
32.0 [31.0-53.0] *$
87.7 [81.7-89.8] *S

28.0 [24.0-31.9]
6.8 [6.7-7.6]

153.2 [144.4-160.9]

8558.2
[7160.6-9162.2]

6.1[4.7-6.5] *8

2385.8
[2291.6-2700.0] *$

98.8 [96.6-134.1]
1.0 [0.9-1.0]

109.2 [104.0-137.6]
60.0 [59.0-63.5]
110.5 [98.8-116.8]

70.0 [66.5-74.8]
31.0 [27.5-42.0]
87.7 [79.3-88.8]

31.5 [28.0-32.2]
7.5[7.0-7.9]

160.0 [149.0-161.8]

5691.1
[4862.6-6203.6]

4.1[3.6-4.4]

1737.6
[1711.9-2334.2]

104.0 [102.5-138.0]
1.0 [1.0-1.0]

224.5[197.5-270.2]
66.0 [61.5-80.0]
125.0 [109.5-130.2] §

72.0 [68.8-80.0] §
47.5 [38.0-50.2] 8
89.7 [82.3-96.7] §

23.0 [21.8-30.8]
7.8 [7.0-8.6]

144.0 [124.2-149.0]

5961.7
[3252.2-6257.2]

3.8[2.1-4.1]8

1726.8
[1715.9-2181.7] §

Data are presented as median and interquartile (IQR = 25th-75th percentile). * Indicates a statistically significant
difference in change within group (p < 0.05). § Indicates a statistically significant difference in change between
groups (p < 0.05).

3.2. Physical Activity Outcomes

As shown in Figure 2, participants in the FIT group demonstrated significantly in-
creased daily step counts and walking distances during Week 2 and Week 3 compared to
baseline (T0) (all p < 0.04; r > 0.94). Additionally, EE was significantly elevated from Week
1 through Week 4 (all p < 0.05; » > 0.89). When averaged across the 4-week intervention
period, both daily walking distance and EE were significantly higher than baseline levels
(both p < 0.04; r > 0.90). Although the average step count also increased, the change did not
reach statistical significance (p = 0.08; r = 0.78).

When comparing changes between groups, the FIT group demonstrated significantly
greater increases in daily walking distance and energy expenditure compared to the CON
group (both p < 0.04; both r = 0.79). In contrast, the change in daily step count did not differ
significantly between groups (p = 0.14; r = 0.58; Table 1).

Self-reported physical activity levels, as measured by the GPAQ, did not show statisti-
cally significant changes within or between groups over the 4-week intervention (Table Al).
At baseline (T0), 2 participants in the FIT group (40%) and 1 participant in the CON group
(33.3%) reported total physical activity levels exceeding 600 MET-minutes/week, consis-
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tent with the WHO’s recommended threshold for health-enhancing activity. By the end
of the intervention, these numbers increased modestly to 3 participants (60%) in the FIT
group and 2 participants (66.7%) in the CON group. Despite this upward trend, the small
sample size and variability in GPAQ responses limited the ability to detect statistically
significant differences.

——FIT
-4-CON
® 7821

4352
5.7*8
2509*8

Baseline Week 1 Week 2 Week 3 Week 4 4-Week

Average

Figure 2. Weekly trends in physical activity during the 4-week intervention. Line graphs illustrate
changes in average daily step count (top), walking distance (middle), and estimated energy expen-
diture (EE; bottom) across the 4-week intervention period for the intervention (FIT) and control
(CON) groups. The FIT group demonstrated marked increases across all three metrics in Week
2, with sustained improvements in EE maintained through Week 4. In the control (CON) group,
average daily step count, walking distance, and EE remained unchanged from baseline, showing no
statistically significant differences either across the 4-week intervention or during any individual
week (all p > 0.11; r < 0.72). Data are presented as mean =+ standard deviation. * Indicate statistically
significant differences from baseline within each group (p < 0.05). § Indicates a statistically significant
difference in change between groups (p < 0.05).

3.3. Cardiovascular Health Outcomes

Compared to baseline (T0), the FIT group demonstrated significant reductions in SBP,
DBP, PP, and MAP at the end of the 4-week intervention (all p < 0.04; r > 0.90). Although
Alx, PWYV, and SEVR did not show statistically significant changes from TO to T1, SEVR
showed a marginal improvement, increasing from 117.8 &= 19.2% to 152.0 &+ 11.9% (p = 0.07;
r = 0.82; Figure 3).
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Figure 3. Changes in blood pressure and SEVR after the 4-week intervention. Line graphs show
pre- to post-intervention changes in systolic and diastolic blood pressure (SBP and DBP; top) and
subendocardial viability ratio (SEVR; bottom) for the intervention (FIT) and control (CON) groups.
Data are presented as mean =+ standard deviation. The FIT group demonstrated significant reductions
in both SBP and DBP, along with an increase in SEVR, a surrogate marker of myocardial perfusion.
* Indicate statistically significant differences from baseline within groups (p < 0.05). § Indicates a
statistically significant difference in change between groups (p < 0.05).

In contrast, the CON group exhibited no significant changes in any cardiovascular
outcomes after 4 weeks.

Between-group comparisons revealed that the FIT group experienced significantly
greater reductions in SBP, DBP, PP, and MAP compared to the CON group (all p < 0.04;
r>0.79; Table 1). While no significant between-group differences were observed for
Alx, PWYV, or SEVR, the change in SEVR trended toward significance, with a notable
improvement in the FIT group (34.2 & 10.9%), compared to a decline in the CON group
(—19.7 + 12.4%; p = 0.06; r = 0.75).

3.4. Metabolic and Anthropometric Outcomes

Compared to baseline, neither group exhibited significant within-group changes in
body weight, BMI, waist circumference, hip circumference, WHR, or fasting glucose levels
following the 4-week intervention. Furthermore, no significant between-group differences
were observed in changes in height, weight, BMI, waist circumference, WHR, or fasting
glucose at follow-up (Table 1).

3.5. Associations Between Physical Activity and Cardiometabolic Outcomes

Correlation analyses revealed that improvements in cardiovascular health markers
were significantly associated with increases in physical activity. A strong negative correla-
tion was observed between the change in pulse pressure and the change in walking distance
(Spearman’s p = —0.88, p = 0.004; Figure 4). A similar significant inverse correlation was
identified between changes in PP and EE (Spearman’s p = —0.81, p = 0.02).
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Figure 4. Association between changes in walking distance and PP after the 4-week intervention.
Scatterplot illustrates the relationship between individual changes in daily walking distance and
changes in pulse pressure (PP) from baseline to Week 4 in the intervention (FIT) and control (CON)
groups. Each point represents one participant. A general trend of increased walking distance being
associated with reduced pulse pressure is observed in the FIT group, suggesting a potential link
between physical activity improvements and vascular health.

Additional associations emerged between changes in physical activity and metabolic
and anthropometric measures. The reduction in waist circumference showed a negative
correlation with increases in step count (Spearman’s p = —0.76, p = 0.03). Moreover, a
significant inverse correlation was found between the change in fasting glucose and the
increase in EE (Spearman’s p = —0.82, p = 0.02).

4. Discussion

This pilot randomized study demonstrates that the use of a wearable activity tracker
over a four-week period can lead to significant improvements in physical activity and
cardiovascular risk markers in adults with T2D. Participants in the intervention group (FIT)
exhibited notable increases in daily walking distance and EE, along with significant reduc-
tions in SBP, DBP, PP, and MAP. These findings align with previous research demonstrating
the benefits of wearable devices in promoting self-monitoring and increasing ambulatory
activity [17,29].

The reductions in SBP and DBP observed in the FIT group are clinically meaningful.
Prior evidence suggests that a 5 mm Hg reduction in SBP yields a 10% reductions in
major cardiovascular events [7,30]. Given that the FIT group in our study achieved an SBP
reduction exceeding this threshold, supporting the clinical relevance of the intervention in
mitigating cardiovascular risk among individuals with T2D.

Although Alx and PWV did not change significantly, reductions in PP and MAP
suggest early vascular improvements [31,32]. These findings may reflect enhanced en-
dothelial function or reduced sympathetic tone. However, arterial stiffness indicators
such as Alx and PWV may require longer intervention durations to show measurable
effects. A meta-analysis demonstrated that aerobic exercise lasting at least 8 weeks signifi-
cantly reduced arterial stiffness, with improvements in PWYV, underscoring the need for
longer interventions to detect meaningful changes in these parameters [33]. The upward
trend in SEVR observed in the FIT group (p = 0.07) suggests potential improvement in
myocardial perfusion and coronary supply-demand balance. These findings suggest early
cardiovascular benefits that may precede detectable changes in arterial stiffness measures.

Fasting glucose did not differ significantly between groups, aligning with prior re-
search suggesting that longer-duration interventions are typically needed to elicit measur-



Diabetology 2025, 6, 97

10 of 14

able metabolic improvements. Structured exercise programs lasting more than 12 weeks
have been associated with significant reductions in fasting glucose and HbAlc levels in
individuals with T2D [34,35], and a meta-analysis demonstrated that interventions av-
eraging 20 weeks yielded clinically meaningful glycemic benefits [36]. In addition, joint
guidelines from the American Diabetes Association and the American College of Sports
Medicine emphasize the need for sustained aerobic and resistance training to improve
glycemic control [37]. Nonetheless, our exploratory analyses revealed that even within
this 4-week intervention. increases in physical activity were associated with reductions in
fasting glucose and waist circumference, indicating potential early metabolic responses
that warrant further investigation in larger, longer-term trials.

While wearable-derived data captured meaningful increases in physical activity, self-
reported GPAQ results did not reflect consistent changes. This discrepancy highlights
known limitations of self-report tools, such as recall bias and overestimation of duration or
intensity, and supports the greater sensitivity of device-based monitoring [38—40].

Despite the short duration, our findings suggest that even brief, unsupervised activity
interventions can produce early improvements in cardiovascular health. Incorporating
vascular metrics like SEVR, PWV, and Alx adds important insight into the functional impact
of such interventions in T2D populations.

A key strength of this study is the use of objective physiological measurements,
including tonometry-based indices of arterial stiffness (i.e., PWV and Aix), and wearable-
derived physical activity metrics. The randomized design also enhances internal validity.
However, several limitations must be acknowledged. First, the small sample size limits
generalizability and statistical power. Given the strong observed effect sizes in physical
activity and blood pressure (r > 0.79), a future adequately powered trial would require
approximately 34—40 participants per group to achieve 80% power using « = 0.05, two-tailed.
Second, the short intervention period may not fully capture long-term cardiometabolic
adaptations. Third, medication use was not documented, limiting our ability to account for
potential pharmacologic confounders such as antihypertensives, glucose-lowering agents,
or lipid-lowering drugs that may have influenced cardiovascular outcomes. Additionally,
dietary intake was not monitored, which may have contributed to variability in outcomes
such as body weight and fasting glucose. Future studies should include a pre-intervention
acclimation period, track medication use, and monitor nutritional behavior.

Additionally, while participants in the FIT group were provided with Fitbit devices,
those in the control group relied on the Fitbit app’s MobileTrack function, which uses
smartphone-based accelerometry. This approach does not capture heart rate or activity
intensity and may underestimate step count, making it less accurate than wrist-worn device
tracking. These methodological differences could introduce variability and measurement
error in physical activity estimates. Despite these limitations, the study offers valuable
preliminary evidence that wearable technologies can improve real-world physical activity
engagement and cardiovascular outcomes in adults with T2D. The strong correlations
between increased physical activity and reductions in pulse pressure and fasting glucose
highlight the potential for wearable-facilitated interventions to target multiple facets of
cardiometabolic risk.

5. Conclusions

In summary, this pilot study supports the use of wearable activity trackers as a feasible
and potentially effective adjunct to standard diabetes care. Even within a brief intervention
window, increased physical activity was associated with meaningful improvements in blood
pressure and cardiovascular physiology. Notably, reductions in PP, a surrogate marker of
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arterial stiffness and vascular load, suggest early favorable adaptations in vascular health
despite the absence of significant changes in Alx, PWV, body weight, or fasting glucose.

Wrist-worn activity trackers demonstrate significant potential as a cost-effective strat-
egy for promoting physical activity and reducing cardiovascular risk in adults with T2D.
These findings warrant further investigation in larger, longer-duration trials to confirm
efficacy, explore metabolic impacts, and evaluate the long-term sustainability of wearable-
driven behavioral interventions.
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Abbreviations

The following abbreviations are used in this manuscript:

12D Type 2 Diabetes

CVD Cardiovascular Disease

Alx Augmentation Index

PWV Pulse Wave Velocity

SEVR subendocardial viability ratio
HbAlc Hemoglobin Alc

BMI Body Mass Index

FIT Fitbit Intervention group
CON Control group
EE Energy Expenditure

GPAQ  Global Physical Activity Questionnaire
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MET Metabolic Equivalent of Task

SBP Systolic Blood Pressure
DBP Diastolic Blood Pressure
PP Pulse Pressure

MAP Mean Arterial Pressure
WHR Waist-to Hip Ratio

Appendix A

Table A1l. Participant-Reported Physical Activity and Sedentary Behavior (GPAQ).

) FIT (n =5) CON (n=3)
Domain Baseline Week 4 Baseline Week 4

Work-related Activity

Vigorous Intensity (Yes; %) 0 1 (20%) 0 2 (66.7%)

Moderate Intensity (Yes; %) 1 (20%) 3 (60%) 1 (33.3%) 0

MET-min/week 0 [0-480] 420 [0-5760] 0 [0-5760] 6720 [0-12,960]
Transport Activity

Walking/Bicycling > 10 min (Yes; %) 2 (40%) 4 (80%) 2 (66.7%) 2 (66.7%)

MET-min/week 0[0-140] 480 [0-1120] 450 [0-480] 240 [0-500]
Recreational Activity

Vigorous Intensity (Yes; %) 1 (20%) 0 0 0

Moderate Intensity (Yes; %) 3 (60%) 2 (40%) 1 (33.3%) 1 (33.3%)

MET-min/week 480 [0-820] 0[0-1440] 0 [0-660] 0 [0-600]

Total Physical Activity (MET-min/week) 560 [0-1100] 1440 [0-6560] 450 [0-6900] 6720 [450-14,040]
Sedentary Behavior
Sitting Time (min/day) 360 [300-720] 180 [180-720] 240 [180-720] 240 [210-360]

Note: MET = metabolic equivalent of task. Values are presented as n (%) or median [min-max].
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