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Abstract Objective: To evaluate the prevalence, patterns, and sociodemographic predictors of wearable device
use among individuals with self-reported diabetes mellitus. Methods: Data for our analysis was drawn from cycle 3
(2019) of the 5th edition of the Health Information National Trends Survey (HINTS 5). Descriptive statistics were
used to evaluate the demographic characteristics, prevalence, and frequency of wearable device use among
individuals with diabetes mellitus. Multivariable logistic regression was used to identify the sociodemographic
predictors of wearable device use. Results: We identified 1149 individuals who self-reported diabetes mellitus. Of
these, 51.2% were females, 59.3% were white, and 51.6% had less than a college education. The prevalence of
wearable device use was 20%. Further, a sizable proportion (86.1%) of the wearable device users were willing to
share information from their wearable devices with their healthcare provider, and almost half of them (43.4%)
reported daily use of these devices in the past 1-month. Significant sociodemographic predictors of wearable device
use include age, income, and level of education. Conclusion: Our results highlight the feasibility and acceptability of
using wearable devices to deliver evidence-based health care to individuals with diabetes. Future interventions
should consider the scalability of these tools and how to reach those subgroups of individuals with diabetes mellitus
to whom current technologies may be unavailable.
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1. Introduction
Diabetes Mellitus (DM) is a global health concern and a
leading cause of morbidity and mortality in the United
States. According to the Centre for Disease Control, in
2018, there were 34.2 million individuals affected with
DM in the United States. [1] In 2017, the total healthcare
expenditure on DM was $327 billion dollars. [1,2]
DM accounts for 83,564 deaths yearly and contributes
significantly to the burden of disease in the US. [2]
Despite significant strides in the management of
patients with DM, several problems related to their care
continue to persist. First, with the frequent need to use
medications for disease control, medication nonadherence

is prevalent among patients with DM and is associated
with adverse outcomes. [1,2,3] Improving medication
management begins with an accurate exchange of
information between the health care providers and the
patients. [4,5] Therefore, new interventions are needed to
move beyond these known barriers and help adherence.
[5] Second, prior research has shown that individuals
living with DM have low rate of compliance with
lifestyle interventions. [6,7] Given that individuals with
DM are more likely to have other risk factors, lifestyle
intervention remains a crucial component of their care.
[8,9,10] Third, individuals with DM who have poor
access to adequate healthcare may have suboptimal
care and increased rate of long term complications.
[11,12,13] Thus, for effective management, strategies to
promote positive health behaviors as well as enable
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continuous monitoring are essential in improving diabetes
control. [14]
Wearable technology is increasingly being utilized to
care for individuals with chronic diseases especially with
increasing demand from limited healthcare resources.
[15,16,17] These tools have shown promise in several
chronic health conditions, such as obesity, hypertension,
cancer, heart disease and more. [18] Non-prescription
wearable activity trackers also referred to as “wearable
devices” in this study includes Fitbit, Apple watch,
Garmin Vivofit, etc. According to a study done by
Wulfovich et al, results indicate that wearables have
potential to enable better self-management and lead to
improved wellbeing but must be further refined to address
different individualized aspects of their use. [19] Also,
empirical evidence from prior research supports the
notion that these devices are beneficial for individuals
with diabetes. However, there is further need for close
regulation and development of data transmission from the
devices into the health record systems. [20,21,22]
Yet, there are limited data on the prevalence of
wearable device use among those with diabetes mellitus.
Further, it is not known which subgroups are more likely
to engage and use these devices. Accordingly, using recent
data from the Health Information National Trends Survey
(HINTS 5 cycle 3), our study aims to (i) evaluate the
prevalence of wearable device use among individuals
with self-reported diabetes mellitus (ii) ascertain the
patterns of wearable device use and (iii) identify which
sociodemographic factors predicts wearable device use.

2. Methods
2.1. Overview of the Health Information
National Trends Survey
For this study, data was obtained from the
Health Information National Trends Survey (HINTS),
a large-scale, household interview survey of US
noninstitutionalized adults aged ≥ 18 years. Briefly,
HINTS is a national cross-sectional survey of US
adults conducted every 1-3 years since 2003 that collects
information from the public on a broad range of topics
including cancer information, communication, attitudes
and behaviors, and use of health information technologies.
We utilized data from HINTS 5 Cycle 3 (2019). Data
collection for Cycle 3 of HINTS 5 began in January 2019
and concluded in May 2019. In previous iterations of
HINTS 5 (cycles 1 and 2), data was gathered using a
self-administered mailed questionnaire. However, for
cycle 3, two web-based survey options were introduced in
addition to the paper mails for data collection.
HINTS utilizes a probability-based sampling frame in
which residential addresses in the United States are
sampled, and then 1 adult from each address is randomly
selected for participation using the Next Birthday method.
The sampling frame consists of a collection of databases
used by the Marketing Systems Group to obtain a random
sample of addresses. This was then grouped into 2 specific
sampling strata: (i) high concentrations of minority
populations and (ii) low concentrations of minority
populations. Additional information about data collection

and methodologies can be found in the corresponding
methodology reports for HINTS 5 Cycle 3. [23]

2.2. Sample Population
2.2.1. Study Design and Participants
The total number of households for the H5c3 sample
was 23,430 and data was obtained from 5438 respondents
who completed at least 50% of the survey. The overall
household response rate was 30.3%. The collected data
were adjusted to account for the sampling design and
nonresponse bias. Sampling weights were assigned to
each adult who completed the survey to produce
nationally representative estimates for the adult population
in the United States.
The 2019 iteration reported herein contained questions
about participants usage of wearable devices. For this
study, respondents with Diabetes Mellitus was determined
by the question, “Has a doctor or other health professional
ever told you that you had diabetes or high blood sugar
(yes/no)?” Of the complete sample, approximately 1149
participants self-reported a history of diabetes disorder
(17% weighted prevalence). Also, 2.61% (142/5438) of
observations were with missing data and these were
omitted in the final analysis.

2.3. Measures
2.3.1. Use of Wearable Devices among Individuals with
Diabetes
The primary goal of this study was to investigate the
prevalence and patterns of wearable device use among
individuals with self-reported diabetes mellitus. To answer
this, we used information obtained from survey items
within HINTS 5 Cycle 3, as follows.
First, prevalence of wearable device use was
determined by the following question: “In the past 12
months, have you used an electronic wearable device to
monitor or track your health or activity? For example, a
Fitbit, Apple Watch, or Garmin Vivofit” activity?” Next,
willingness to share health data with their health providers
was ascertained by the question: “Would you be willing to
share health data from your wearable device with your
health care provider?”. The response options for both
question items were “yes” and “no” and so they were
treated as binary variables.
Finally, frequency of wearable device use was assessed
by the question: “In the past month, how often did you use
a wearable device to track your health?”. Responses
options included; everyday, almost every day, 1-2 times
per week, less than once per week, and none.
2.3.2. Sociodemographic Predictors of Wearable
Device Use
We conducted further analysis to identify which groups
of individuals with Diabetes Mellitus are more likely to
use wearable devices. To answer this, the following
demographic variables were selected and included in the
final model; Age was assessed as a categorical variable
with age ranges 18-34 (reference), 35-49, 50-64, 65 or
more years. Race/ethnicity was categorized into four
categories: white (reference), black/African American,
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Hispanic, and other. Gender was assessed as female
(reference) and male. Education was classified into four
categories: less than college (reference), some college,
college graduate and postgraduate degree. Income was
divided into five categories: < $20,000 (reference),
$20000-34000, $35000 - 50000, $50000-75000, and
$ >75000. Body mass Index was dichotomized into obese
(BMI >= 30) and non-obese (BMI < 30).

2.4. Statistical Analyses
Demographic statistics were conducted for the entire
study sample and by diabetes status. Both unweighted
frequencies and weighted percentages were presented.
Then we examined the prevalence and frequency of
wearable device use among those with self-reported
diabetes using descriptive statistics. Multivariable logistic
regressions including sociodemographic variables of age,
gender, race, income, and education was conducted to
identify predictors of past 12-month usage of wearable
device. All analyses were weighted using replicate
weights, based on the jack-knife replication method to
account for the complex sampling design of HINTS and
to obtain nationally representative parameter estimates.
Statistical significance was assessed at the p
Data were analyzed using the Stata 14.0 statistical
software (svy program).
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3. Results
Of the 5,438 respondents for H5c3, a total of 5,296 had
provided data on diabetes status. Of those providing
usable data, 1,149 (21.7%) self-reported Diabetes, and
4,147 (78.3%) reported no diagnosis of diabetes.
Table 1 shows the demographic distribution of
the population. Compared to participants without a
self-reported history of diabetes, those with diabetes were
significantly more likely to be older, obese, less educated
and have a combined household income of less than
20,000 dollars per annum.
Usage of wearables such as Fitbit, Apple Watch, or
Garmin Vivofit was less common, as only 27.1% of the
total sample population reported using these devices to
monitor their health. Those with diabetes were less likely
than the general population to use wearable devices in
monitoring their health (20.0% vs 28.6%; p = 0.008).
However, a substantial proportion (86.1%) of wearable
device users among those with diabetes were willing to
share information from their wearable devices with their
healthcare provider. In addition, almost half of them
(43.4%) reported daily use of these devices in the past
1-month
<0.05
level. and about 80% reported using these devices at
least once in the past month to track or monitor their
health.

Table 1. Participants characteristics according to Diabetes Status
All (N=5296),
weighted %

Diabetes (N=1149), weighted
percentage, 95% C. I

Non-Diabetes (N=4147),
weighted percentage, 95% C. I

p-value

.851

Gender
Male

49.3

48.8 (43.7 - 53.8)

49.3 (47.7 - 51.0)

Female

50.7

51.2 (46.2 - 56.3)

50.7(49.0 - 52.3)

18-34yrs

24.2

7.0 (3.4 - 10.6)

27.7 (25.5 - 29.9)

35-49yrs

24.8

16.4 (12.1 - 20.6)

26.6 (24.3 - 28.7)

50-64yrs

31.2

43.2 (38.4 - 48.1)

28.7 (26.6 - 30.9)

65yrs +

19.8

33.4 (29.7 - 37.0)

17.0 (16.3 - 17.7)

Less than College

39.8

51.6 (47.0 - 56.2)

37.4 (36.4 - 38.4)

Some College

30.5

29.9 (25.6 - 34.2)

30.6 (29.5 - 31.7)

College Graduate

17.5

10.3 (8.10 - 12.5)

18.9 (17.8 - 20.1)

Postgraduate

12.2

8.2 (6.20 - 10.1)

13.1 (12.0 - 14.1)

< $20,000

18.3

29.8 (25.3 - 34.3)

16.0 (13.3 - 18.6)

$20,000 - $34,999

11.0

14.6 (10.3 - 18.8)

10.3 (9.0 - 11.6)

$35,000 - $49,999

13.6

13.0 (9.6 - 16.4)

13.7 (11.9 - 15.5)

$50,000 - $74,999

17.4

14.9 (11.5 - 18.4)

17.8 (15.7 - 20.0)

$75,000 or more

39.7

27.7 (23.6 - 31.7)

42.2 (39.6 - 44.7)

63.5

59.3 (54.4 - 64.2)

64.4 (63.1 - 65.6)

Age
<.001

Education
<.001

Household Income

<.001

Race
White
African American

11.2

12.8 (9.8 - 15.8)

10.9 (10.1 - 11.7)

Hispanic

16.8

20.8 (16.9 - 24.8)

16.0 (15.1- 16.9)

Others

8.5

7.1 (4.3 - 9.8)

8.7 (7.9 - 9.6)

Obese (BMI >= 30)

33.1

50.5 (45.3 - 55.7)

29.5 (27.0 - 32.0)

Non-obese (BMI < 30)

66.9

49.5 (44.3 - 54.7)

70.5 (68.0 - 73.0)

.083

Body Mass Index
<.001
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Table 2. Participants characteristics according to Wearable device status
All (N=5380), weighted %

Have Wearable (N=1300), weighted
percentage, 95% C. I

No Wearable (N=4080),
weighted percentage, 95% C. I

p-value

.014

Gender
Male

49.3

44.5 (40.4 - 48.5)

51.1(49.4 - 52.9)

Female

50.7

55.6 (51.5 - 59.6)

48.9(47.1 - 50.6.8)

18-34yrs

24.4

33.6 (29.4 - 37.8)

20.9 (18.3 - 23.5)

35-49yrs

24.6

30.4 (26.8 - 34.2)

22.4 (19.9 - 24.8)

50-64yrs

31.6

26.4 (22.6 - 30.2)

32.8 (30.6 - 35.0)

65yrs +

19.9

9.5 (7.9 - 11.1)

23.9 (23.1 - 24.7)

39.8

23.7 (19.6 - 27.7)

45.7 (44.2 - 47.2)

Age
<.001

Education
Less than College
Some College

30.7

33.8 (29.9 - 37.7)

29.5 (28.0 - 31.0)

College Graduate

17.3

24.4 (21.5 - 27.3)

14.7 (13.7 - 15.7)

Postgraduate

12.2

18.1 (15.3 - 21.0)

10.0 ( 8.9 - 11.1)

< $20,000

18.4

7.9 (4.8 - 11.1)

22.4 (19.4 - 25.4)

$20,000 - $34,999

11.1

4.8 (3.3 - 6.3)

13.4 (11.6 - 15.2)

$35,000 - $49,999

13.4

13.0 (9.2 - 16.9)

13.6 (11.9 - 15.2)

$50,000 - $74,999

17.5

16.4 (13.1-19.7)

17.9 (15.7 - 20.1)

$75,000 or more

39.6

57.8 (53.8 -61.8)

32.7 (29.7 - 20.1)

White

63.5

64.7 (61.0-68.4)

63.1(61.5 - 64.6)

African American

11.3

8.9 (6.5 - 11.2)

12.3(11.3 - 13.2)

Hispanic

16.7

17.7 (14.4-20.9)

16.4(14.9 - 17.8)

Others

8.4

8.8 (6.4 - 11.2)

8.3(7.2 - 9.3)

Obese (BMI >= 30)

32.8

29.6(25.3 - 33.9)

33.9 (30.8 - 37.0)

Non-obese (BMI < 30)

67.3

70.4(66.1 - 74.7)

66.1 (63.0 - 69.2)

<.001

Household Income

<.001

Race
.31

Body Mass Index

3.1. Predictors of Wearable Device Use
among those who Self-reported Diabetes
Education, income levels, and age were significant
independent predictors of wearable device use in the
Diabetes group and in the general population. The odds of
wearable device usage decreased significantly with
advancing age. For example, those 65 years or older were
less likely to use wearable devices (OR 0.06, 95% CI 0.02
- 0.21; p <0.001) when compared to individuals aged
18-34 years. Also, education level significantly predicts
wearable device use. Specifically, individuals with a
postgraduate degree had more than twice the odds of using
wearable tools (OR 2.86, 95% CI 1.24 - 6.59; p = 0.02)
when compared to those with less than a college degree.
Lastly, compared to individuals with incomes of less than
$20,000 per annum, those with income range of at least
$75,000 were significantly more likely to use wearable
devices (OR 3.90, 95% CI 1.39 - 10.96; p = 0.01). Sex and
race were not independent predictors of wearable device
use. Table 2 shows demographic distribution of all survey
participants by their wearable device status

4. Discussion
This study sought to evaluate the current prevalence,
patterns and predictors of wearable device use to manage
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health, drawing on data from a nationally representative
population of individuals with diabetes mellitus. We
observed that 1 in 5 persons with diabetes had used
wearable device to monitor their health in the past year
preceding the survey. A further 80.7% of the wearable
device users expressed willingness to share information
from their wearable device with their healthcare provider.
A little less than half (43.4%) of the wearable users
reported daily use of the device in the past. Lastly,
among those with diabetes, age, income, and educational
level were significant predictors of wearable device use.
These findings are discussed in detail in the following
paragraphs.
Overall, our results indicate that those with diabetes are
already using these devices to manage their care. We
found that 20% of individuals with diabetes mellitus had
used wearables to track their health which is higher than
rates previously reported in the general population. For
example, in 2013, one survey showed 1 in 10 Americans
used a wearable device. [18,24] A 2016 cross sectional
study by Omar et al reported a prevalence of 12.5% in the
general population, in this study approximately 1 in 8 of
the respondents used a wearable device monitor in 2015.
[25] However, another cross-sectional study by Rongzi et
al reported a prevalence of 32% among those with or at
risk of CVD. [26] One possible explanation for the higher
rates reported in their study could be their sample
population which included those with CVD or at risk of
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CVD. Our study is novel in that it is the first to report the
prevalence of wearable device use among diabetics. We
found a higher prevalence among diabetes than previously
reported in the general population but this might be as a
result of an increasing popularity in wearable device use.
[27,28,29,30]
A major finding from our study was that patient with
diabetes were significantly less likely than non-diabetics
to use wearable device in monitoring their health (p=0.008).
This finding differs from a cross sectional study done by
Rongzi et al which found that those with or at risk of
CVD were more likely to use wearable device compare to
those with no risk of CVD with a statistically significant
difference. [26] It is possible that people without a
self-reported history of diabetes have other conditions like
CVD or hypertension for which they used wearable
devices. This may also suggest that there are some barriers
to wearable device use among diabetics which may
include comorbidities, disability, depression, cognitive
impairment, and poor quality of life. Studies have shown
that diabetic patients have higher rate of disability than
non-diabetic. [31] It is also possible that some respondents
with diabetes were not using wearable device due
to limited literacy, attitude to technologic device and
challenges with self-regulation and self-control. [32,33,34]
Regardless, wearable device may still be a hopeful tool
for those subsets of population that likes to engage
technology-based strategy for managing their health. [35]
Further, our findings suggest that those with diabetes
are approachable and are willing to communicate findings
from their wearable tools with their clinicians. Although
only 1 in 5 respondents with diabetes used a wearable
device, we found that 4 in 5 of wearable users were
willing to share information from these tools with their
healthcare provider. This is consistent with other studies
that indicates that individuals are likely and willing
to share data from their wearable device with their
health care providers. [36,37] This is very important
for continuous monitoring of patient with diabetes. Our
findings also show that a little less than half of this patient
reported daily use of the device for the past month and
about 80% reported using these devices at least once in the
past month to track or monitor their health.
The use of wearable device has been shown to promote
increase physical activity and help manage weight which
reduces diabetes and cardiovascular disease. [26,38,39,40]
Some studies have questioned the efficacy of wearable
devices and its ability to maintain weight loss. [24,41]
Other studies have recognized the potential and feasibility
of supporting behavioral and lifestyle changes especially
weight loss. [40,42,43,44] Kurti and Dally 2013, conducted a
non-randomized trial of wearable device activity intervention
among sedentary adults >50yrs and found that steps increased
182% when monetary incentives are offered and 108%
when no incentives are offered. [45,46] An exploratory
study by Naslund et al of individuals with serious mental
illness enrolled in a 6 month lifestyle program that examine
the association between daily step count with wearable
device and weight loss, found a significant positive
association. Higher step count was associated with greater
weight loss. [42] This suggests that wearable device may
be potentially effective strategy for motivating and
supporting weight loss in patient with diabetes mellitus.
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Over time, doctors have incorporated more technology
into their practice, especially with regards to apps, social
media and wearables. [47] A 2017 study by Ipsos digital
doctors, showed that 56% of surveyed physician in the US
strongly agree that connected health device and tools will
provide patient with real time data and knowledge about
their health that will enable them to proactively manage
their health and prevent disease. [48] Due to lack of
standardization of information from wearable device,
interpretation of data is a challenge and doctors may not
be able to rely on information from the wearable device
until it is standardized and streamline into EHR for easy
access, but may recommend them based on their potential
for supporting behavioral changes.
However, wearable device technologies are not without
its problems. Past research has shown that ownership
and usage of wearable device is associated with certain
sociodemographic factors. Omara et al in the study of
wearable device in the general US population, showed that
the use of wearable device decreased significantly with
advancing age and decreasing level of education and varied
with sex. [25] Similar trends were reported by Shan et al
with current use of wearable device increasing with decreasing
age and increasing level of education (p<0.001). [26] Our
finding are consistent with the literature regarding the
disparity in the use of digital devices such as wearable
technologies. We found that older adults and those with
low income and lower level of education were less likely
to use wearable device technologies. Race and sex were
not independent predictors of wearable device use. Unlike
the study done by Omara et al which reported wearable
device use varied significantly with sex, we did not find
any significant difference with sex.

5. Strength and Limitations
The strengths of the study include the use of the HINTS,
a nationally representative dataset form a large sample of
US adults. To date, no other study has evaluated wearable
devices use among individuals with diabetes mellitus
drawing from a nationally representative sample. To
ensure generalizability of the study, replicate weights
were applied to generate estimates. Yet, our findings
should be considered with the following limitations in
mind. First, there is an intrinsic reporting bias and
recall bias because the data were self- reported. Diabetes
mellitus was self-reported and not confirmed through a
clinical diagnosis. Second, the study did not highlight
which of the devices were used, specific uses of the device,
type of device used and how it influenced the participant's
condition. Third, the questions asked were not specific
about the type of DM (T1DM or T2DM). There is a
likelihood that those with T1DM would be more prone to
use the wearable device. Lastly, given the cross-sectional
nature of the study, it is not possible to draw any
conclusions on causality.

6. Conclusions
Although using a wearable device to successfully
promote health and reduce weight is a complex and
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multistep process with several considerations, [29] our
results highlight the feasibility and acceptability of using
wearable devices to monitor and track the health of
individuals with diabetes. Future interventions should
consider the efficacy, scalability, and sustainability of
these tools and how to reach those subgroups of
individuals with diabetes mellitus to whom current
technologies may be unavailable such as those of older
age and lower socioeconomic status.

References
[1]

[2]
[3]

[4]

[5]

[6]
[7]
[8]
[9]
[10]
[11]
[12]

[13]
[14]
[15]

[16]
[17]
[18]

Ho PM, Rumsfeld JS, Masoudi FA, et al. Effect of
medication nonadherence on hospitalization and mortality among
patients with diabetes mellitus. Arch Intern Med. 2006; 166(17):
1836-1841.
Sokol MC, McGuigan KA, Verbrugge RR, Epstein RS. Impact of
medication adherence on hospitalization risk and healthcare cost.
Med Care. 2005; 43(6): 521-530.
Frias J, Virdi N, Raja P, Kim Y, Savage G, Osterberg L.
Effectiveness of Digital Medicines to Improve Clinical Outcomes
in Patients with Uncontrolled Hypertension and Type 2 Diabetes:
Prospective, Open-Label, Cluster-Randomized Pilot Clinical Trial.
J Med Internet Res. 2017; 19(7): e246.
Sharma A, Mentz RJ, Granger BB, et al. Utilizing mobile
technologies to improve physical activity and medication
adherence in patients with heart failure and diabetes mellitus:
Rationale and design of the TARGET-HF-DM Trial. Am Heart J.
2019; 211: 22-33.
Schwartz DD, Stewart SD, Aikens JE, Bussell JK, Osborn CY,
Safford MM. Seeing the Person, Not the Illness: Promoting
Diabetes Medication Adherence Through Patient-Centered
Collaboration. Clin Diabetes. 2017; 35(1): 35-42.
Egede LE, Zheng D. Modifiable Cardiovascular Risk Factors in
Adults With Diabetes: Prevalence and Missed Opportunities for
Physician Counseling. Arch Intern Med. 2002; 162(4): 427-433.
Why Offer a Lifestyle Change Program? Published February 14,
2020. Accessed July 18, 2020.
https://www.cdc.gov/diabetes/prevention/why-offer-lcp.htm.
Jarrett RJ, Shipley MJ. Mortality and associated risk factors in
diabetics. European Journal of Endocrinology. 1985; 110(4_Suppl):
S21-S26.
Schernthaner G. Cardiovascular mortality and morbidity in type-2
diabetes mellitus. Diabetes Research and Clinical Practice. 1996;
31: S3-S13.
Kannel W B, McGee D L. Diabetes and cardiovascular risk factors:
the Framingham study. Circulation. 1979; 59(1): 8-13.
Brown DS. Impact of the Affordable Care Act on Access to Care
for US Adults With Diabetes, 2011-2012. Prev Chronic Dis. 2015;
12.
Saydah SH, Imperatore G, Beckles GL. Socioeconomic status and
mortality: contribution of health care access and psychological
distress among U.S. adults with diagnosed diabetes. Diabetes Care.
2013; 36(1): 49-55.
Nam S, Chesla C, Stotts NA, Kroon L, Janson SL. Barriers to
diabetes management: patient and provider factors. Diabetes Res
Clin Pract. 2011; 93(1): 1-9.
Organisation mondiale de la santé. Global Recommendations on
Physical Activity for Health. WHO; 2010.
Bradway M, Giordanengo A, Joakimsen R, et al. Measuring the
Effects of Sharing Mobile Health Data During Diabetes
Consultations: Protocol for a Mixed Method Study. JMIR Res
Protoc. 2020; 9(2).
Appelboom G, Camacho E, Abraham ME, et al. Smart wearable
body sensors for patient self-assessment and monitoring. Archives
of Public Health. 2014; 72(1): 28.
Milani RV, Bober RM, Lavie CJ. The Role of Technology in
Chronic Disease Care. Prog Cardiovasc Dis. 2016; 58(6): 579-583.
Phillips SM, Cadmus-Bertram L, Rosenberg D, Buman MP,
Lynch BM. Wearable Technology and Physical Activity in
Chronic Disease: Opportunities and Challenges. Am J Prev Med.
2018; 54(1): 144-150.

[19] Wulfovich S, Fiordelli M, Rivas H, Concepcion W, Wac K. “I

[20]

[21]

[22]

[23]
[24]
[25]

[26]

[27]
[28]

[29]
[30]

[31]
[32]
[33]

[34]

[35]

[36]
[37]
[38]

[39]

Must Try Harder”: Design Implications for Mobile Apps and
Wearables Contributing to Self-Efficacy of Patients With Chronic
Conditions. Front Psychol. 2019; 10.
Fleming GA, Petrie JR, Bergenstal RM, Holl RW, Peters AL,
Heinemann L. Diabetes Digital App Technology: Benefits,
Challenges, and Recommendations. A Consensus Report by the
European Association for the Study of Diabetes (EASD) and the
American Diabetes Association (ADA) Diabetes Technology
Working Group. Diabetes Care. 2020; 43(1): 250-260.
Arnhold M, Quade M, Kirch W. Mobile applications for diabetics:
a systematic review and expert-based usability evaluation
considering the special requirements of diabetes patients age 50
years or older. J Med Internet Res. 2014; 16(4): e104.
Burner E, Lam CN, DeRoss R, Kagawa-Singer M, Menchine M,
Arora S. Using Mobile Health to Improve Social Support for LowIncome Latino Patients with Diabetes: A Mixed-Methods Analysis
of the Feasibility Trial of TExT-MED
Diabetes
+FANS.
Technology & Therapeutics. 2017; 20(1): 39-48.
Download Data | HINTS. Accessed July 18, 2020.
https://hints.cancer.gov/data/download-data.aspx.
Wise J. Activity trackers, even with cash incentives, do not
improve health. BMJ. 2016; 355.
Omura JD, Carlson SA, Paul P, Watson KB, Fulton JE. National
physical activity surveillance: Users of wearable activity monitors
as a potential data source. Preventive Medicine Reports. 2017; 5:
124-126.
Shan R, Ding J, Plante TB, Martin SS. Mobile Health Access and
Use Among Individuals With or At Risk for Cardiovascular
Disease: 2018 Health Information National Trends Survey
(HINTS). J Am Heart Assoc. 2019; 8(24).
Piwek L, Ellis DA, Andrews S, Joinson A. The Rise of Consumer
Health Wearables: Promises and Barriers. PLOS Medicine. 2016;
13(2): e1001953.
Lamkin P. Smart Wearables Market To Double By 2022: $27
Billion Industry Forecast. Forbes. Accessed July 16, 2020.
https://www.forbes.com/sites/paullamkin/2018/10/23/smartwearables-market-to-double-by-2022-27-billion-industry-forecast/.
Patel MS, Asch DA, Volpp KG. Wearable Devices as Facilitators,
Not Drivers, of Health Behavior Change. JAMA. 2015; 313(5):
459-460.
Walker RK, Hickey AM, Freedson PS. Advantages and
Limitations of Wearable Activity Trackers: Considerations
for Patients and Clinicians. Clin J Oncol Nurs. 2016; 20(6):
606-610.
Black SA. Diabetes, Diversity, and Disparity: What Do We Do
With the Evidence? Am J Public Health. 2002; 92(4): 543-548.
Bandura A. Social cognitive theory of self-regulation. Organizational
Behavior and Human Decision Processes. 1991; 50(2): 248-287.
O’Leary K, Vizer L, Eschler J, Ralston J, Pratt W.
Understanding patients’ health and technology attitudes for
tailoring self-management interventions. AMIA Annu Symp Proc.
2015; 2015: 991-1000.
Karnoe A, Furstrand D, Christensen KB, Norgaard O, Kayser L.
Assessing Competencies Needed to Engage With Digital Health
Services: Development of the eHealth Literacy Assessment
Toolkit. Journal of Medical Internet Research. 2018; 20(5): e178.
Langford AT, Solid CA, Scott E, et al. Mobile Phone Ownership,
Health Apps, and Tablet Use in US Adults With a Self-Reported
History of Hypertension: Cross-Sectional Study. JMIR Mhealth
Uhealth. 2019; 7(1): e12228.
Bove LA. Increasing Patient Engagement Through the Use of
Wearable Technology. The Journal for Nurse Practitioners. 2019;
15(8): 535-539.
Levine JA. The Baetylus Theorem—the central disconnect driving
consumer behavior and investment returns in Wearable
Technologies. Technol Invest. 2016; 7(3): 59-65.
Efficacy of Wearable Devices to Measure and Promote Physical
Activity in the Management of Diabetes. European Medical
Journal. Published November 20, 2018. Accessed July 16, 2020.
https://www.emjreviews.com/diabetes/article/efficacy-ofwearable-devices-to-measure-and-promote-physical-activity-inthe-management-of-diabetes/.
Wang JB, Cataldo JK, Ayala GX, et al. Mobile and Wearable
Device Features that Matter in Promoting Physical Activity.
J Mob Technol Med. 2016; 5(2): 2-11.

Journal of Physical Activity Research
[40] Toward research-tested mobile health interventions to prevent

[41]
[42]

[43]

[44]

diabetes and cardiovascular disease among persons with
pre-diabetes. Accessed May 27, 2020.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5721672/.
Dyer O. Wearable fitness device does not help maintain weight
loss, study finds. BMJ. 2016; 354.
Naslund JA, Aschbrenner KA, Scherer EA, McHugo GJ, Marsch
LA, Bartels SJ. Wearable Devices and Mobile Technologies for
Supporting Behavioral Weight Loss Among People with Serious
Mental Illness. Psychiatry Res. 2016; 244: 139-144.
Naslund JA, Aschbrenner KA, Barre LK, Bartels SJ. Feasibility of
Popular m-Health Technologies for Activity Tracking Among
Individuals with Serious Mental Illness. Telemed J E Health. 2015;
21(3): 213-216.
Wu M, PhD, Luo J, Contributors POJ of NI. Wearable
Technology Applications in Healthcare: A Literature Review.
Published November 25, 2019. Accessed July 5, 2020.

[45]
[46]
[47]

[48]

78

https://www.himss.org/resources/wearable-technologyapplications-healthcare-literature-review.
Use of Consumer Wearable Devices to Promote Physical Activity:
A Review of Health Intervention Studies. Accessed May 27, 2020.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5395205/.
Kurti AN, Dallery J. Internet-based contingency management
increases walking in sedentary adults. J Appl Behav Anal. 2013;
46(3): 568-581.
3 Examples of Clinicians Using Wearable Technology. Fitbit
Health Solutions. Published May 29, 2018. Accessed August 26,
2020.
https://healthsolutions.fitbit.com/blog/3-examples-of-cliniciansusing-wearable-technology/.
Digital Doctor. Accessed August 27, 2020.
https://connectedhealth.ipsos.com/digital-doctor.html.

© The Author(s) 2020. This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).

