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Abstract

Background: Physical inactivity is a global issue for cancer survivors. Wearable activity trackers are promising to address
physical inactivity by providing real-time feedback on physical activity and offering opportunities for self-monitoring and goal
setting. Meta-analysis has reported the effects of interventions that incorporate wearable activity trackers on improved physical
inactivity and related health outcomes (eg, BMI, anxiety and depression, and self-rated health status). However, wearable activity
trackers were often used as an adjunct to physical activity interventions, and the effectiveness of wearable activity trackers alone
is unknown.

Objective: This study aims to determine the association of wearable activity trackers with physical activity and health outcomes
in patients with cancer.

Methods: Data from 957 cancer survivors from the Health Information National Trends Survey–Surveillance, Epidemiology,
and End Results (HINTS-SEER) were analyzed. The outcome variables examined were time spent in moderate to vigorous
physical activity, weekly frequency of strength training, BMI, anxiety and depression levels, and self-assessed health status. The
primary independent variable was whether cancer survivors had used wearable activity trackers within the past 12 months.
Design-based linear regression for continuous outcome variables and ordinal logistic regression for ordinal outcome variables
were conducted to determine the associations after controlling for sociodemographic, cancer-related, and health-related factors.
All data analyses accounted for the complex survey design and sample weights.

Results: Only 29% of cancer survivors reported wearable activity tracker use. Bivariate analyses showed that younger age
(P<.001), higher education (P=.04), higher income (P<.001), and an employed status (P<.001) were significantly associated with
wearable activity tracker use. Wearable activity tracker use was significantly associated with higher time spent in moderate to
vigorous physical activity (adjusted =37.94, 95% CI 8.38-67.5; P=.01), more frequent strength training per week (adjusted odds
ratio [OR] 1.50, 95% CI 1.09-2.06; P=.01), and better self-rated health status (adjusted OR 1.58, 95% CI 1.09-2.29; P=.01), but
not with BMI or anxiety and depression.

Conclusions: This study suggests that the uptake of wearable activity trackers is low and highlights the digital divide among
patients with cancer. This study has confirmed the associations of wearable activity tracker use with physical activity and self-rated
health, supporting using wearable activity trackers as a promising tool to facilitate physical activity promotion.
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Introduction

Physical activity improves health outcomes of patients with
cancer, including cardiovascular fitness, muscle strength,
cancer-related fatigue, health-related quality of life, and
depression [1-3]. Physical activity guidelines for cancer
survivors recommend at least 150 minutes of moderate physical
activity per week [4]. However, only a minority of cancer
survivors meet the physical activity recommendations [5,6].
Physical inactivity is a global issue for cancer survivors, and
much work remains to be done to improve physical activity [7].

Wearable activity trackers offer an appealing, low-cost tool to
address physical inactivity and, therefore, improve related health
outcomes (eg, physiological outcomes, psychological outcomes,
and self-rated health status). These devices provide real-time
feedback on physical activity and offer opportunities for
self-monitoring and goal setting. A review of systematic reviews
[8] has reported that interventions that incorporate wearable
activity trackers improve moderate to vigorous physical activity
with an average effect size of 0.3 (6 minutes per day); an
increase of 5-10 minutes per day of moderate to vigorous
physical activity is considered clinically significant [9]. A
meta-analysis of cancer survivors has found that wearable
activity trackers improve moderate to vigorous physical activity
with an effect size of 0.6 [10]. In addition, using wearable
activity trackers has been shown to be associated with improved
physiological outcomes (eg, BMI) [8], and it has the potential
to improve psychological outcomes (eg, anxiety and depression)
[8], and achieve positive self-rated health [11]. However,
wearable activity trackers were often used as an adjunct to
physical activity intervention or weight loss programs, which
limits the ability to rule out the influence of other physical
activity intervention components and determine the effectiveness
of wearable activity trackers alone.

A few observational studies have examined the associations of
wearable activity trackers with physical activity among general
adults [12] and older adults [13], but the generalization to
patients with cancer is limited. To address this gap, this study
aimed to determine the association of wearable activity trackers
with physical activity (moderate to vigorous physical activity
and strength training) and health outcomes (BMI, anxiety and
depression, and self-rated health status) in patients with cancer,
using a population-based survey dataset obtained from 3 large
cancer registries.

Methods

Data Sources and Study Population
We analyzed the Health Information National Trends
Survey–Surveillance, Epidemiology, and End Results
(HINTS-SEER) dataset. The Health Information National Trends
Survey (HINTS) is a nationally representative survey that

examined the knowledge, attitudes, and usage of cancer- and
health-related information by American adults [14]. The initial
HINTS encompassed both adults with and those without cancer,
whereas the HINTS-SEER focused on a larger sample of adults
with cancer from 3 SEER cancer registries in Iowa, New
Mexico, and the Greater Bay Area of California, excluding
individuals with only non–melanoma skin cancer diagnoses
[15]. The data collection for HINTS-SEER took place by mail
between January and August 2021. Among 1234 cancer
survivors in the final HINTS-SEER sample, 277 respondents
were excluded (21 had missing information about wearable
activity use, 98 had missing information about outcome
variables, and 158 had missing information about covariates),
resulting in a study sample of 957 respondents in our final
analyses. There was no significant difference in the outcome
variables between individuals with complete and incomplete
data (P>.05). The National Cancer Institute granted permission
for the data used in this study.

Measures

Independent Variable—Wearable Activity Tracker Use
Respondents were asked whether they have used electronic
wearable activity trackers, such as a Fitbit, Apple Watch, or
Garmin Vivofit, to monitor or track their health or activity in
the past 12 months (yes=1, no=0).

Outcome Variables
Physical activity variables included the following two items:
(1) time spent in moderate to vigorous physical activity, that
respondents were asked how many minutes in a week they do
any physical activity or exercise of at least moderate intensity
such as brisk walking, bicycling, or swimming, and (2) weekly
frequency of strength training, that the respondents were asked
how many days they do physical activity or exercise specifically
designed to strengthen their muscles such as lifting weights or
circuit training. Health-related outcome variables included the
following three items: (1) BMI, (2) anxiety and depression
evaluated by the Patient Health Questionnaire-4 (ranged 0-12,
a higher score means a higher level of anxiety and depression),
and (3) self-rated health status (0=poor to 4=excellent).

Covariates
Sociodemographic characteristics included age (18-49, 50-64,
65-75, and 76 years or older), sex (male or female), race (White
and non-White), education level (less than high school, high
school, some college, or college graduate or higher), income,
and employment status (employed or unemployed).
Cancer-related factors included cancer types (breast, prostate,
colorectal, skin, or other), stage (localized, regional, or distant),
and time since diagnosis (<1 year, 2-5 years, 6-10 years, and
11 or more years). Other health-related factors included BMI
(categorized as underweight, normal, overweight, or obese) and
smoking status (current, former, or never). Of note is that we
controlled for BMI in all other analyses, except for the linear
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regression, to examine BMI as the outcome variable. All data
were self-reported.

Statistical Analysis
Descriptive statistics (mean, SE, and %) were calculated to
describe wearable activity tracker use rate, physical activity,
and health-related outcome variables, sociodemographic
characteristics, and cancer- and health-related factors. Bivariate
analyses were used to compare the sociodemographic and
health-related characteristics of different groups (wearable
activity tracker use or not); bivariate differences were assessed
with Rao-Scott chi-square tests for categorical variables and
design-based F tests for continuous variables. Design-based
linear regression for continuous outcome variables and ordinal
logistic regression for ordinal outcome variables were conducted
to determine the associations after controlling for
sociodemographic characteristics as well as cancer-related and
general health–related clinical factors. For continuous outcome
variables, the beta () coefficient was presented, while the odds
ratio (OR) was provided for ordinal outcome variables. The
findings were presented as weighted point estimates along with
95% CI. A significance level of .05 was used. The complex
survey design and sample weights were considered in all
analyses. Taylor series linearization methods were used for
variance estimation. Stata/SE (version 17.0; StataCorp) was
used to perform all the analyses.

Ethical Considerations
The HINTS-SEER was approved as an amendment to HINTS
5 by the Westat institutional review board (IRB; amendment
ID #3212), with participating SEER registries obtaining
independent IRB approvals from 3 cancer registries, namely
Iowa, New Mexico, and the Greater Bay Area [16]. The HINTS
5 was approved by the Westat IRB (project #6048.14) and

received a “Not Human Subjects Research” determination from
the National Institutes of Health Office of Human Subjects
Research (Exempt #13204) [16]. Informed consent was obtained
from all the participants [15]. Due to the use of a deidentified
dataset, this study was exempted from undergoing an
institutional ethical review [17]. This study has been conducted
using the HINTS-SEER dataset with permission from the
HINTS.

Results

Characteristics of Study Population
We included 957 participants, representing 320,164 patients
with cancer. The majority were 65 years old or older (69%) and
identified as White (78%). Over half of them were women
(55%). Most had at least a college degree (62%), an annual
income of US $50,000 or more (72%), and were not employed
(70%). Breast cancer was the most prevalent (24%), followed
by prostate (22%), skin (11%), and colorectal cancers (7%),
with the majority being at a localized stage (70%). Over half of
the patients had received a cancer diagnosis 11 or more years
ago (58%). The majority of patients with cancer reported their
health as good or better (86%), were overweight or obese (61%),
and had never smoked (61%). The average anxiety and
depression score was within the normal range (mean=1.54).
Patients with cancer engaged in moderate to vigorous physical
activity for an average of 171 minutes, and approximately 60%
did not participate in any strength training. Only 29% of
participants reported wearable activity tracker use. Bivariate
analyses showed wearable activity tracker use was significantly
associated with younger age (P<.001), higher education level
(P=.04), higher income (P<.001), and employed status (P<.001);
more details in Table 1.
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Table 1. Characteristics of study population (design adjusted mean or proportion).

P valueaWearable activity device useTotal

YesNo

———b957Sample size, N

—29.1170.89—National estimatesc, %

<.001Age (years), %

11.313.996.1218-49

30.8922.4324.8950-64

34.5230.2231.4765-74

23.2843.3637.5275+

.18Sex, %

41.2746.6445.08Male

58.7353.3654.92Female

.93Race, %

77.2777.6377.53White

22.7322.3722.47Non-White

.04Education level, %

2.153.473.09Less than high school

6.3811.4910High school

20.7627.0925.24Some college

70.7157.9561.67College graduate or higher

<.001Income (US $), %

2.158.226.45<20,000

5.1612.9110.6520,000-35,000

7.8311.8410.6835,000-50,000

14.1815.6115.1950,000-75,000

70.6851.4357.03≥75,000

<.001Employment, %

43.3724.7630.18Employed

56.6375.2469.82Unemployed

.005Cancer site, %

22.8925.1024.46Breast

18.4923.1921.82Prostate

4.228.787.45Colorectal

16.858.7711.12Skin

37.5434.1635.14Other

.81Stage, %

7169.8269.82Localized

21.3923.4623.46Regional

7.626.726.72Distant

.26Time since diagnosis (years), %

0.951.020.92<1

16.6514.7416.652-5
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P valueaWearable activity device useTotal

YesNo

24.6324.9824.636-10

57.7859.3657.7811+

.03Smoking status, %

0.784.343.3Current

34.0637.0636.19Former

65.1658.6060.51Never

.86BMI, %

2.191.431.65Underweight

38.0436.7037.09Normal

33.9634.7734.53Overweight

25.8127.1026.73Obese

.002Self-rated general health, %

12.857.589.11Excellent

42.8432.9935.85Very good

36.7842.5440.86Good

6.0914.9212.35Fair

1.451.981.82Poor

.351.43 (0.13)1.59 (0.10)1.54 (0.08)Anxiety and depression, mean (SE)

.002204.54 (12.28)157.34 (7.89)171.08 (6.54)Weekly minutes spent in moderate to vigorous physical activ-
ity, mean (SE)

<.001Weekly days spent in strength training, %

47.7264.459.52None

10.746.37.591 day

15.49.0510.912 days

14.367.689.633 days

4.9433.564 days

2.624.123.685 days

0.221.911.426 days

4.003.553.687 days

aP-value compares older adults in different subgroups.
bNot available.
cNational estimates based on complex survey design.

Association Between Physical Activities and Wearable
Activity Tracker Use
Table 2 illustrates the associations between 2 types of physical
activities and wearable activity tracker use. The unadjusted
regression analyses revealed a statistically significant association
between wearable activity tracker use and higher weekly minutes
spent in moderate to vigorous physical activity (=47.21, 95%
CI 17.96-76.44, P=.002), as well as more weekly days spent in
strength training (OR 1.67, 95% CI 1.24-2.24, P=.001). After
accounting for covariates, these relationships remained
statistically significant (Moderate to vigorous physical activity:

=37.94, 95% CI 8.37-67.50, P=.01; Strength training: OR 1.49,
95% CI 1.08-2.06, P=.01). Among covariates, being female (=
–61.30, 95% CI –98.14 to –24.45, P=.001), employed (=–36.33,
95% CI –67.87 to –4.80, P=.02), and obese (= –69.65, 95% CI
–94.38 to –44.93, P<.001) were associated with decreased time
in moderate to vigorous physical activity, while having an
income of US $75,000 or higher (=72.29, 95% CI 19.28-125.31,
P=.008) was associated with increased time in moderate to
vigorous physical activity. Being White (OR 0.65, 95% CI
0.43-0.98, P=.04) and obese (OR 0.48, 95% CI 0.33-0.70,
P<.001) were negatively associated with the frequency of
strength training.
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Table 2. Associations of wearable activity trackers used with physical activity (weighted estimates of adjusted coefficients and adjusted odds ratios
[ORs]).

Frequency of strength trainingbTime spent in moderate to vigorous physical activitya

P value95% CIAdjusted ORP value95% CIAdjusted OR

.011.08-2.061.49.018.37-67.5037.94Wearable activity trackers use
(reference: no use)

Age (years)

——Reference——cReference18-49

.450.63-2.711.31.12–11.62 to 105.9047.1350-64

.340.68-2.981.42.06–2.44 to 117.8557.7065-74

.890.42-2.090.94.16–17.53 to 108.8345.6575+

Sex

——Reference——ReferenceMale

.080.48-1.050.71.001–98.14 to –24.45–61.30Female

Race

——Reference——ReferenceNon-White

.040.43-0.980.65.46–18.37 to 39.9310.78White

Educational level

——Reference——ReferenceLess than high school

.440.55-3.791.45.24–28.49 to 113.4042.45High school

.780.48-2.581.12.73–52.30 to 74.2610.97Some college

.340.65-3.271.46.14–15.24 to 104.0644.40College graduate or higher

Income (US $)

——Reference——Reference<20,000

.870.46-2.471.06.08–94.55 to 6.53–44.0020,000-35,000

.120.84-4.351.91.48–35.24 to 74.7519.7535,000-50,000

.710.50-2.661.16.26–24.07 to 87.7431.8350,000-75,000

.290.71-2.981.46.0119.28 to 125.3172.29≥75,000

Employment

——Reference——ReferenceUnemployed

.050.99-2.081.43.02–67.87 to –4.80–36.33Employed

Cancer site

——Reference——ReferenceBreast

.350.71-2.511.34.33–77.78 to 26.61–25.58Prostate

.610.59-2.361.19.84–60.57 to 49.65–5.46Colorectal

.230.80-2.351.38.99–38.05 to 37.69–0.18Skin

.860.64-1.681.04.08–56.93 to 3.46–26.73Other

Cancer stage

——Reference——ReferenceLocalized

.770.69-1.631.06.35–15.93 to 44.00—Regional

.920.52-2.031.03.41–71.60 to 29.13—Distant

Time since diagnosis (years)

——Reference——Reference1

.990.33-2.930.99.05–0.20 to 168.8084.302-5
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Frequency of strength trainingbTime spent in moderate to vigorous physical activitya

P value95% CIAdjusted ORP value95% CIAdjusted OR

.410.56-4.031.50.11–13.98 to 143.6764.846-10

.520.49-3.861.38.09–11.51 to 149.0968.7811+

BMI

.490.60-2.851.30.92–131.75 to 145.42—Underweight

——Reference——ReferenceNormal

.050.48-1.000.69.86–36.25 to 30.59—Overweight

<.0010.33-0.700.48<.001–94.38 to –44.93—Obese

Smoking status

——Reference——ReferenceCurrent

.460.31-1.680.73.55–95.41 to 51.74–21.83Former

.680.35-1.960.84.84–67.96 to 83.037.53Never

aDesign-based linear regression, the residuals were close to a normal distribution.
bDesign-based ordinal logistic regression.
cNot applicable.

Association Between Health Outcomes and Wearable
Activity Tracker Use
The unadjusted regression analyses revealed a statistically
significant association between wearable activity tracker use
and better self-rated health status (OR 1.91, 95% CI 1.38-2.63,

P<.001), and this association remained statistically significant
after controlling for covariates (OR 1.58, 95% CI 1.09-2.28,
P=.01; more details in Table 3). However, BMI and anxiety
and depression were not significantly associated with wearable
activity tracker use (more details in Multimedia Appendix 1).
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Table 3. Associations of wearable activity trackers used with self-rated health status (weighted estimates of adjusted coefficients and adjusted odds
ratios [ORs]).

Anxiety and depressionbSelf-rated general healtha

P value95% CIAdjusted ORP value95% CIAdjusted OR

.35–0.48 to 0.17–0.16.011.09-2.281.58Wearable activity device use (refer-
ence: no use)

Age (years)

——Reference——cReference18-49

.37–1.09 to 0.41–0.34.940.46-2.030.9750-64

.26–0.31 to 0.35–0.48.900.45-1.990.9565-74

.23–1.48 to 0.36–0.56.980.47-2.131.0175+

Sex

——Reference——ReferenceMale

.010.16-0.970.56.630.57-1.410.89Female

Race

——Reference——ReferenceNon-White

.76–0.57 to 0.42–0.08.260.83-1.921.26White

Educational level

——Reference——ReferenceLess than high school

.18–0.31 to 1.610.65.360.66-3.041.41High school

.37–0.47 to 1.260.40.210.75-3.381.60Some college

.98–0.82 to 0.850.01.011.20-5.362.54College graduate or higher

Income (US $)

——Reference——Reference<20,000

.010.23-1.610.92.930.46-2.030.9620,000-35,000

.41–0.50 to 1.200.35.011.27-5.232.5835,000-50,000

.88–0.56 to 0.650.04.011.18-5.042.4450,000-75,000

.78–0.47 to 0.620.08.011.14-4.332.23≥75,000

Employment

——Reference——ReferenceUnemployed

.70–0.54 to 0.36–0.09.070.96-2.011.39Employed

Cancer site

——Reference——ReferenceBreast

.75–0.59 to 0.810.11.120.87-2.901.59Prostate

.03–1.23 to –0.07–0.65.840.57-1.951.06Colorectal

.13–0.15 to 1.180.51.021.10-3.051.83Skin

.76–0.56 to 0.40–0.08.580.57-1.370.88Other

Cancer stage

——Reference——ReferenceLocalized

.61–0.48 to 0.28–0.10.500.76-1.711.14Regional

.73–0.66 to 0.950.14.500.39-1.580.79Distant

Time since diagnosis (years)

——Reference——Reference1

.39–3.05 to 1.20–0.93.190.64-8.142.292-5
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Anxiety and depressionbSelf-rated general healtha

P value95% CIAdjusted ORP value95% CIAdjusted OR

.53–2.74 to 1.41–0.67.200.66-6.822.126-10

.31–3.09 to 0.99–1.05.230.61-6.982.0711+

BMI

.08–0.13 to 2.201.03.010.12-0.800.31Underweight

——Reference——ReferenceNormal

.22–0.15 to 0.620.24.0010.42-0.800.58Overweight

.95–0.44 to 0.470.02<.0010.22-0.440.31Obese

Smoking status

——Reference——ReferenceCurrent

.22–1.66 to 0.39–0.64.260.66-4.311.69Former

.13–1.65 to 0.21–0.72.230.70-4.041.69Never

aDesign-based ordinal logistic regression.
bDesign-based linear regression, the residuals were close to a normal distribution.
cNot applicable.

Discussion

Principal Findings
This study used a national dataset to examine the association
between using wearable activity trackers and physical activity
and health outcomes among patients with cancer. The key
findings were that (1) overall wearable activity tracker use was
low (29%), and patients with no wearable activity tracker use
tended to be older and of low socioeconomic status; (2) using
wearable activity trackers was associated with increased weekly
duration of moderate to vigorous physical activity, weekly
frequency of strength training and improved self-rated health.
Associations were not observed between using wearable activity
trackers and BMI or anxiety and depression. Based on the nature
of this cross-sectional study, we could not draw a causality of
the benefits of using wearable activity trackers. However, the
findings still advance our understanding of the use of wearable
activity trackers and support using wearable activity trackers
as a promising behavior modification tool to facilitate physical
activity promotion.

This study showed the association between wearable activity
tracker use and physical activity level (aerobic and strength)
among patients with cancer. This is consistent with observational
studies of general adults [12] and older adults [13] and
meta-analyses of clinical trials [8,10,18]. These trackers provide
real-time feedback on physical activity levels and allow users
to self-monitor and set goals [10]; patients may perceive the
devices as a reminder of physical activity, and they are
motivated to do more physical activity when feeling they are
observed [19]. A review of systematic review has reported an
effect size of 0.3 for wearable activity trackers on moderate to
vigorous physical activity in US adults, equating to a
6-minute-per-day increase in moderate to vigorous physical
activity [8]. Interestingly, our study has found a similar result
(an increase of 5.4 minutes per day) among patients with cancer.
An increase of 5-10 minutes of moderate to vigorous physical

activity per day is considered meaningful [9], suggesting the
magnitude of moderate to vigorous physical activity increase
is clinically significant. The evidence supports the use of
wearable activity trackers to facilitate physical activity
promotion.

Our study found an association between wearable activity
trackers and self-rated health, which is consistent with another
study using the HINTS dataset [11]. The association of wearable
activity trackers and self-rated health is mediated through
perceived health competence and physical activity; an approach
to foster the perceived health competence includes setting
challenges and meaningful feedback by wearable activity
trackers [11]. We did not detect the association between
wearable activity trackers and other physiological and
psychosocial outcomes. One possible explanation is that these
outcomes are probably downstream of physical activity behavior
change and might require a long duration of wearable activity
trackers use to manifest.

We found the prevalence of wearable activity tracker use among
patients with cancer was low (29%), which is similar to the
estimates of adults in the United States [12], although higher
than the older adults [13]. Our study also found that patients
with no wearable activity tracker use tended to be older,
unemployed, and with lower income, highlighting the digital
divide and health inequity. As the study findings support the
positive association between wearable activity tracker use and
improved physical activity and health status, this study’s
findings can inform researchers on how to mitigate the digital
divide and promote digital health literacy [20] to facilitate
wearable activity tracker use in patients with cancer. Wide reach
to patients of older age and low socioeconomic status is key to
guaranteeing that physical activity promotion using wearable
activity trackers generates large effects on a broad population
without worsening health inequities.
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Limitations
While this study used a population-based dataset acquired from
3 prominent cancer registries in the United States, the
geographical aspects involved could potentially affect the
generalizability of the study findings. Also, the cross-sectional
analysis prevents us from drawing solid conclusions about the
direction of the relationships between wearable activity trackers
and physical activity and health outcomes. Future longitudinal
research addressing this research gap would be beneficial. In
addition, the self-reported measures of physical activity are not
as accurate as objectively measured physical activity, and the
details about the wearable activity tracker use (eg, wear time,
type of wearable activity trackers, etc) were not available in the
HINTS-SEER dataset, which may moderate the relationship
between wearable activity tracker use and physical activity. We
only included several health outcome indicators and other
important health outcomes (eg, quality of life, fatigue) were not
available for analysis.

Conclusion
This research investigated the associations between the use of
wearable activity trackers, physical activity, and health outcomes
in patients with cancer using a population-based dataset. The
results of the study indicate that the adoption of wearable
activity trackers among patients with cancer remains relatively
low. However, the findings also provide evidence that using
wearable activity trackers is associated with increased physical
activity and improved overall health, thus suggesting their
potential as effective tools for promoting physical activity.
Nonetheless, the study revealed a lower usage rate of wearable
activity trackers among older individuals and those with a lower
socioeconomic status, underscoring the presence of a digital
divide within the population of patients with cancer. Further
research is necessary to explore strategies for increasing the use
of wearable activity trackers in cancer survivors who are older
and have lower socioeconomic status.
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