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Abstract
Background: Digital health tools (WeChat or mobile health apps) provide opportunities for new methods of
hypertension management for hypertensive patients. However, the willingness of these patients to use social media
and mobile health apps for hypertension management remains unclear. This study explored the characteristics and
requirements of patients willing to use digital health (WDH) tools to manage hypertension.
Methods: From February to March 2018, we administered questionnaires to 1089 patients with hypertension at
eight Chinese primary medical units. We assessed independent risk factors of WDH and requirement among WDH
patients.
Results: Overall, 43% (465/1089) of participants were WDH patients, who were younger (58 ± 12 vs 61 ± 13 years)
and had a greater proportion of employed individuals (31% vs 14%) and higher education levels (65% vs 52%) than
the non-WDH patients (all P < 0.0001). After adjusting for other risk factors, higher education (OR: 0.52; 95% CI: 0.34–
0.79), good medicine adherence (OR: 1.5; 95% CI: 1.0–2.3) and blood pressure self-monitoring (OR: 1.6; 95% CI: 1.2–
2.3) remained significantly associated with WDH (all P < 0.05). WDH patients responded that digital health tools
should try to provide a platform for blood pressure monitoring (42%), medication reminders (41%), hypertension
knowledge (39%) and doctor-patient communication (32%).
Conclusion: Our survey suggested that among hypertensive patients, willingness to use digital health tools was
significantly associated with education, medicine adherence and blood pressure self-monitoring. Digital health tool
developers and researchers should pay particular attention to recruiting older, less educated and unemployed
patients with less willingness and who are less technologically savvy and research the requirements of WDH
patients (blood pressure monitoring, medication reminders, and knowledge education) in the future.
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Background

Hypertension management conditions

Status of hypertension

To investigate the current status of participants’ management of hypertension, we designed the following questions
in our questionnaire. First, questions on the knowledge of
the diagnosis of hypertension, when the patient should
measure blood pressure, and the damage (heart/brain/kidney) from high blood pressure were asked. Next, patients’
usual systolic blood pressure fluctuation, the frequency of
blood pressure measurement and antihypertensive dosing
were surveyed to understand participants’ blood pressure
monitoring status and medical adherence. Last, the total
time of participants’ daily activities [14] and smoking status were also asked to explore the relevance of digital
health tool usage to exercising and smoking.
The definition of “good BP monitoring” is that the patient’s blood pressure is under 140/90 mmHg in their
daily life. Adherence was assessed by asking participants
how often they forget to take medicine. The answers
“never” and “less than once a week” were defined as
good adherence. The answers “more than one time a
week” and “Don’t take medicine when blood pressure is
under control” were defined as bad adherence.

Hypertension has become the leading cause of cardiovascular death due to its low control rate [1] in both low- and
middle-income countries around the world [2, 3]. One national study that included 1.7 million participants aged 18
years and older showed that the awareness, treatment, and
control rates of hypertension were 31.9, 26.4 and 9.7%, respectively [4]. In addition, the 2018 Hypertension Guidelines recommend that hypertension management, in
addition to drug intervention, should focus on lifestyle interventions, home self-tests, follow-up, and the use of
smartphones and other kinds of remote monitoring tools
for blood pressure [5].
Digital health interventions, such as email, text messages, smartphone applications like facebook, have been
explored to assist in the self-management of hypertension and some other chronic diseases [6]. Many trials
have proved that mobile health applications played an
important role in improving adherence in high-income
countries, by providing reminders, offering education,
and facilitating social interactions and so on [7–10]. A
randomised clinical trial has already showed the efficacy
of the social media-based prevention on control of systolic blood pressure and heart rates in China [11, 12].
However, the use and expectations of digital health tools
for community patients with hypertension is still unclear. Hence, this survey was conducted to explore 1)
the characteristics of patients willing to use digital health
tools to manage hypertension (WDH) and 2) the required features of these digital health tools.

Methods
Sample and procedure

A sample of 1089 individuals from eight primary medical
units in Guangzhou and Dongguan, China, participated
in this survey. Data were collected in February and
March of 2018. Participants had to meet the following
inclusion criteria: (1) community resident with hypertension and (2) age 18 years and older. There were no exclusion criteria. All of the interviewed individuals
finished the survey, and the mean time required for participants to finish the survey was 20 min. This study was
conducted in compliance with the Declaration of
Helsinki; the study was also approved by the Ethics Research Committee of Guangdong Provincial People’s
Hospital, and written informed consent was obtained
from all patients [13].

The willingness to use digital health tools

In the final part of the questionnaire, we surveyed participants’
willingness and requirements for the use of digital health tools
from the following three questions: (1) Have you used
WeChat or health applications in the last 1 year? (2) Would
you like to use a digital health tool to manage your blood
pressure? (3) What help would you like to get from the health
apps (1 week’s blood pressure monitoring situation, one-week
medication adherence status, self-blood pressure control
evaluation, hypertension knowledge, patient-patient communication, or doctor-patient communication)?
Statistical analyses

We analysed the entire sample as well as specific subgroups, and we mainly compared WDH patients and
non-WDH patients. Binary logistic regression models
were applied. Baseline characteristics of the cohort were
summarized using descriptive statistics. Continuous variables were reported as the mean and SD and were compared using linear regression models. Potential
confounders and baseline values of the dependent variables were entered as covariates. Categorical variables
were described as frequencies and percentages and compared using the χ2 test. The criterion for statistical significance was set at p < 0.05. The statistical analysis was
conducted using SAS V.9.4.

Sociodemographics

Sex, age, height, weight, education (International Standard Classification of Education, ISCED), occupation, and
medical care were evaluated by standard survey items.
(Supplementary Table 1).

Results
Characterization of the sample

The total number of people participating in this community survey was 1089 (see Table 1), with an average age
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Table 1 Sample characteristics of WDH patients
Item

Male (vs female), n (%)

Total sample

WDH

No WDH

100% (1089/1089)

42.7% (465/1089)

57.3% (506/1089)

N = 1089

N = 465

N = 624

549 (50.4)

218 (60.3)

331 (39.7)

Age (SD)

60 (13)

58 (12)

61 (13)

Age > 75 years, n (%)

160 (15.4)

112 (24.1)

48 (7.7)

BMI (SD)

24.5 (4.3)

24.45 (4.8)

24.48 (3.9)

Educational level, n (%)
High school or above

816 (79)

286 (35.1)

530 (64.9)

Junior high school or less

217 (21)

129 (59.5)

88 (40.5)

working

590 (57.2)

270 (45.8)

320 (54.2)

not working

441 (42.8)

144 (32.6)

297 (67.4)

medical care

916 (89.5)

362 (39.5)

554 (60.5)

no medical care

108 (10.5)

47 (43.5)

61 (57.5)

< 140 mmHg

587 (57.6)

227 (38.7)

360 (61.3)

≥ 140 mmHg

432 (42.4)

176 (40.7)

256 (59.3)

Employment status, n (%)

Medical insurance, n (%)

Mean SBP fluctuation, n (%)

Knowledge of diagnostic criteria, n (%)
≥ 140/90 mmHg

501 (46)

224 (44.7)

227 (55.3)

other

588 (54)

241 (41)

347 (59)

Acknowledgement of complications of hypertension (diseases caused by hypertension), n (%)
myocardial infarction

528 (51.3)

267 (50.6)

261 (49.4)

stroke

529 (51.5)

270 (51)

259 (49)

renal impairment

470 (45.8)

247 (52.6)

223 (47.4)

good BP monitoring

564 (51.8)

243 (43.1)

321 (56.9)

poor BP monitoring

525 (48.2)

222 (42.9)

303 (57.7)

good adherence

801 (73.5)

326 (40.7)

475 (59.3)

poor adherence

288 (26.5)

139 (48.3)

149 (51.7)

never smoked or quit

836 (76.8)

367 (43.9)

469 (56.1)

smoked

253 (23.2)

98 (38.7)

155 (61.3)

weekly high-intensity exercise

641 (63)

262 (40.9)

379 (59.1)

absence of the above exercise intensity

376 (37)

137 (36.4)

239 (63.6)

BP monitoring, n (%)

Medical adherence, n (%)

Smoking, n (%)

Physical activity, n (%)

of 60 (±13) and a mean BMI of 24.5 (±4.3); 53.9% were
males. It was found that 79.0% of the patients had no
more than a junior high school education.
Almost half of participants were able to recognize the
diagnostic criterion of hypertension and complications,
and measure blood pressure once a month at least.

Although 73.6% patients had a good medical adherence,
only half patients could control their blood pressure under
140/90 mmHg (57.6%). Majority of participants have a
good habit in smoking (76.8%) and exercise (63.0%). Out
of all participants, 42.7% reported that they were willing to
use digital health tools to manage hypertension.
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Risk factors for WDH patients

The results from binary logistic regression (see Table 2)
revealed that WDH patients were more likely to have a
higher education level (OR: 1.92; 95% CI: 1.27–2.94, P <
0.05) and that they were more likely to have good medicine adherence (OR: 1.5; 95% CI: 1.0–2.3, P < 0.05) and
blood pressure self-monitoring (OR: 1.6; 95% CI: 1.2–2.3,
P < 0.05). WDH was not associated with sex, age, BMI,
marriage status, working time, knowledge of hypertension,
SBP fluctuation, or the health behaviours of smoking and
physical activity. Differences of baseline between patients
with controlled hypertension and uncontrolled hypertension can be found in the Supplement Table 2.
Requirements of WDH patients for digital health tools

When WDH patients were asked about what help they
would like to obtain from digital health tools, a significant portion of participants (42%) indicated that they
were eager to engage in one-week blood pressure monitoring, and a similar percentage (41%) wanted feedback
on 1 week of medical adherence. Thirty-nine percent of
WDH patients wished to obtain some simple knowledge
of hypertension, and 32% of them needed doctor-patient
communication. In addition, 28% of WDH patients
thought that self-control of blood pressure was needed,
and 27% reported that they would like to communicate
with other patients.

Discussion
This is a relatively new cross-sectional survey on the
willingness of patients with hypertension to use digital
health tools, which covered 1089 people with hypertension from different economic backgrounds, revealing a
Table 2 Multivariate associations with WDH patients

certain representativeness. Our survey found that 42.7%
of hypertensive patients were willing to use digital health
tools, and WDH was associated with higher education,
good medicine adherence and blood pressure selfmonitoring. Also, the results showed that most WDH
patients wanted to receive scientific blood pressure monitoring, self-administration of medical adherence and
common knowledge about hypertension.
We searched a large number of articles about social
media for health care, which show the organic combination of social media and medical health. A systematic
review reviewed 45 social media use improvements in
chronic disease management, showing that social media,
especially Facebook and blogs, provides social, spiritual,
and empirical support for chronic diseases. These platforms are thus highly likely to improve patient health
[15]. Research by Julie Redfern of the George Institute of
Global Health in Australia found that social media
(Tweets) can disseminate cardiovascular health information and education quickly, efficiently and globally, and
discovered that social media has great potential to promote cardiovascular disease education, cognition and
comprehensive management [16]. Facebook, as a social
media platform, was also found to have a good auxiliary
function for clinical treatment of cardiovascular disease
[17, 18]. Social media were widely used in chronic diseases and clinical research, but there are few studies on
self-management of patients with hypertension [19, 20].
Secondly, the social media platforms which are currently
being applied and studied are mainly based on popular
software (such as Facebook, Tweets, SMS, etc.) in western countries. To the best of our knowledge, this is the
first study to explore the willingness of using local social

a-b

Item

WDH a
Odds Ratio

95% CI

P

Male (vs female)

1.17

0.83–1.65

0.36

Age

0.99

0.98–1.01

0.62

BMI

1.00

0.97–1.04

0.90

Marriage vs no marriage

1.14

0.73–1.78

0.56

b

Good education vs Poor education

1.92

1.27–2.94

0.002

Unemployment vs employment

0.72

0.47–1.10

0.13

Medical insurance vs no medical insurance

1.04

0.61–1.76

0.90

Hypertension diagnosis

1.21

0.87–1.70

0.26

Usual SBP fluctuation< 140 mmHg vs ≥140 mmHg

1.11

0.78–1.59

0.56

Good BP monitoring vs poor BP monitoring

1.64 b

1.19–2.26

0.002

Good medical adherence vs poor medical adherence

1.52 b

1.01–2.28

0.044

Smoking vs no smoking

0.79

0.53–1.16

0.23

Less physical activity vs more physical activity

1.04

0.74–1.47

0.82

a

WDH refers to non-WDH
b
Still significant after correction for multiplicity
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media as a health tool in China. We can assume that
WeChat will provide an advanced and intelligent way for
self-management of hypertension patients in the
community.
In a recent longitudinal survey, Levine et al. [21] found
that older people with an average age of 75 used digital
health at a lower rate than their younger counterparts, but
this rate increased modestly from 2011 to 2014, highlighting the rising importance of mobile technology in people’s
lives. A population-based survey of the use of a national
smartphone and health apps among Germans in 2017 also
identified age as a correlate for mobile health applications
use: younger people were more engaged [22], and our
study confirmed this for hypertensive study population as
well. In addition, our results contribute to previous findings on literacy-related disparities in access to mobile
technologies by revealing an association between WDH
and education level [23]. Therefore, when age and literacy
levels are correlated with WDH, programmers should
consider the needs of older and less educated people when
developing applications. Numerous efforts should be
made in the future to break the rigid relationship between
ageing and the digital gap to make digital technology more
acceptable and easier to use.
We contributed to the preliminary evidence of the correlation of WDH with blood pressure self-management
and medical adherence. Patients with poor blood pressure
management and medical adherence are relatively reluctant to use digital health tools, which may be the result of
a combination of factors such as age, smartphone maturity, personal income, tool trust, and so on. The relationship between blood pressure management and WDH may
be explained by socioeconomic variables. Indeed, we
found that possession of university degrees and employment were related to the use of WeChat and mobile
health tools, and further research on this correlation is
needed. More studies are needed on the features of effective digital health tool programs. Social media and health
application effectiveness information based on evidences
from rigorous research designs should be provided to
users. Given the sheer number of applications available,
the market transparency will be increased. Not only government guidelines and regulations, but also WHO recommendations could help people choose effective and
appropriate applications [24]. The first attempt in this regard was directed at the MEDDEV guidelines 2.1/6 for the
European market and the US Food and Drug Administration (FDA) guidelines for the US market [25, 26]. While
these are not legally binding, they provide a direction for
developers and consumers of mobile health applications.
Furthermore, as the features develop, whether social
media can be regarded as a newly integrated digital health
tool and replace the function-pure applications, needs
more trials to prove conclusively.
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We found differences in age and literacy rates in the use
of mobile technology. Therefore, application developers
and researchers should consider the needs of older people
and those with lower education levels, for example, to provide customized features that are tested in intervention
studies [16, 24]. Simultaneously, advocacy activities should
be carried out to train older people to use mobile technology, improve the health literacy of the population, and reduce the inequalities resulting from technological advances.
Limitation

Due to the cross-sectional character of the survey, changes
could not be checked, including associations of digital health
tools and their characteristics with actual blood pressure and
behavior management. The patient’s economic situation has
not yet been included in the questionnaire, making the association of income with blood pressure management and
digital health tools impossible to determine at this moment.
Previous studies have found that the use of apps is associated
with higher incomes [27]. Another aspect is that the characteristic of the questionnaire limited the conclusions that
could be drawn from the results. For example, BMI was calculated based on self-reported weight and height which is a
possible source of bias. The study enrolled patients in hospitals and communities. When there is a significant difference
in admission rate between hospitals communities, admission
rate bias is unavoidable.
Furthermore, a large number of analyses were conducted which could have increased the probability of type
I errors (ie, stating an effect when none was present).
However, our research is exploratory. Nonetheless, in
addition to the uncorrected results, we decided to report
the multiplicity corrected results following a recommendation by Streiner [28], who discussed arguments for and
against a correction of multiplicity. Namely, our ambition
involves providing a large informational basis that can be
further examined in future research.

Conclusion
Our survey suggested that among patients with hypertension, willingness to use digital health tools was significantly
associated with higher education, good medicine adherence
and blood pressure self-monitoring. In addition, we need to
focus on WDH patients’ requirements for blood pressure
monitoring, medication reminders, and hypertension education to improve the technology of digital health tools and
research in the future.
Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12889-020-09462-2.
Additional file 1: Table S1. Questionnaire for community hypertension
patients (English language version and original version).
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Page 6 of 7

2.

Abbreviations
WDH: Willing to use Digital health tools to manage Hypertension; ISCE
D: International Standard Classification of Education; RESCIND: The Center for
REduction of contraSt-induced nephropathy and Cardiaovascular events followINg carDiac catheterization; GDPH: Guangdong Provincial People’s
Hospital; BMI: Body mass index; BP: Blood pressure; SBP: Systolic blood
pressure; WHO: World Health Organization; FDA: Food and Drug
Administration

3.

Acknowledgements
We appreciate the work of the physicians in different cities in China who
contributed to the questionnaires and who work on improving the health of
populations.

5.

4.

6.
Authors’ contributions
JC, YoL and JY provided strong support for the research design and
principles. YaL, YuH, KC and LC provided equal assistance in the distribution
and collection of questionnaires, as well as the extraction of data. SC, GS and
XC conducted data analysis and drafted the first draft. JL, LL, YiH, FS, WG,
and NT provided valid comments on the revision of the first draft and
agreed to submit the final draft. All authors have read and approved the
manuscript.
Funding
This study was supported by Chinese Cardiovascular Association-China
young and middle-aged clinical research fund-VG fund (2017-CCA-VG-020),
Cardiacare Sponsored Optimizing Antithrombotic Research Fund(BJUHFCSOARF201801–10) and The Progress in Science and Technology Project of
Guangzhou (201904010470). The funding body played no role in the design
of the study and collection, analysis, or interpretation of data.
Availability of data and materials
The datasets generated and analysed during the current study are not
publicly available due the institution policy but are available from the
corresponding author on reasonable request.
Ethics approval and consent to participate
The project was approved by the Guangdong Provincial People’s Hospital
Medical Research Ethics Committee (NO. GDREC2018327H). All respondents
signed the informed consent form.

7.

8.

9.
10.

11.
12.

13.

14.
Consent for publication
Not applicable.
Competing interests
None declared.
Author details
1
Department of Cardiology, Guangdong Provincial Key Laboratory of
Coronary Heart Disease Prevention, Guangdong Cardiovascular Institute,
Guangdong Provincial People’s Hospital, Guangdong Academy of Medical
Sciences, Guangzhou 510000, Guangdong, China. 2Guangdong
Pharmaceutical University, Guangzhou 510006, Guangdong, China.
3
Department of Cardiology, Dongguan People’s Hospital, Dongguan 523000,
Guangdong, China. 4Maoming People’s Hospital, Maoming 525000,
Guangdong, China. 5Department of Cardiology, First People’s Hospital of
Kashgar, Kashgar 844099, Xinjiang, China. 6Department of Cardiology,
Longyan First Affiliated Hospital of Fujian Medical University, Longyan
364000, Fujian, China.

15.

16.

17.

18.

19.

Received: 25 February 2020 Accepted: 27 August 2020
20.
References
1. Shen C, Ge J. Epidemic of cardiovascular disease in China. Circulation. 2018;
138:342–4. https://doi.org/10.1161/circulationaha.118.033484.

Global, regional, and national age-sex specific all-cause and cause-specific
mortality for 240 causes of death, 1990–2013: a systematic analysis for the
Global Burden of Disease Study 2013. Lancet. 2015;385:117. https://doi.org/
10.1016/s0140-6736(14)61682-2.
Global, regional, and national age-sex specific mortality for 264 causes of
death, 1980–2016: a systematic analysis for the Global Burden of Disease
Study 2016. Lancet. 2017;390:1151–210. https://doi.org/10.1016/s01406736(17)32152-9.
Lu J, Lu Y, Wang X, Li X, Linderman GC, Wu C, Cheng X, Mu L, Zhang H, Liu
J, et al. Prevalence, awareness, treatment, and control of hypertension in
China: data from 1·7 million adults in a population-based screening study
(China PEACE million persons project). Lancet. 2017;390:2549–58. https://doi.
org/10.1016/s0140-6736(17)32478-9.
Williams B, Mancia G, Spiering W, Rosei EA, Azizi M, Burnier M, Clement DL,
Coca A, de Simone G, Dominiczak A, et al. 2018 ESC/ESH Guidelines for the
management of arterial hypertension. Kardiologia polska. 2019;77:71–159.
https://doi.org/10.5603/kp.2019.0018.
Pagoto S, Bennett GG. How behavioral science can advance digital health.
Transl Behav Med. 2013;3:271–6. https://doi.org/10.1007/s13142-013-0234-z.
Liu S, Feng W, Chhatbar PY, Liu Y, Ji X, Ovbiagele B. Mobile health as a
viable strategy to enhance stroke risk factor control: a systematic review
and meta-analysis. J Neurol Sci. 2017;378:140–5. https://doi.org/10.1016/j.jns.
2017.04.050.
Morawski K, Ghazinouri R, Krumme A, Lauffenburger JC, Lu Z, Durfee E, Oley
L, Lee J, Mohta N, Haff N, et al. Association of a Smartphone Application
with Medication Adherence and Blood Pressure Control: the MedISAFE-BP
randomized clinical trial. JAMA Intern Med. 2018;178:802–9. https://doi.org/
10.1001/jamainternmed.2018.0447.
Slomski A. Phone app no help in controlling hypertension. Jama. 2018;319:
2470. https://doi.org/10.1001/jama.2018.8167.
Webb TL, Joseph J, Yardley L, Michie S. Using the internet to promote
health behavior change: a systematic review and meta-analysis of the
impact of theoretical basis, use of behavior change techniques, and mode
of delivery on efficacy. J Med Internet Res. 2010;12:e4. https://doi.org/10.
2196/jmir.1376.
Digital in 2018: World's internet users pass the 4 billion mark. http://
wearesocial.com/blog/2018/01/global-digital-report-2018.
Tashi M, Zhao G, Khandro T, Wang J, Chen Y, Lhamo T, Tan B-K, Anna S,
Angela J, Li Z, et al. Smartphone and social media-based cardiac
rehabilitation and secondary prevention in China (SMART-CR/SP): a parallelgroup, single-blind, randomised controlled trial. Lancet Digital Health. 2019;
1:e363–74. https://doi.org/10.1016/S2589-7500(19)30151-7.
World Medical Association Declaration of Helsinki: ethical principles for
medical research involving human subjects. JAMA. 2013;310:2191–4. https://
doi.org/10.1001/jama.2013.281053.
Strain T, Milton K, Dall P, Standage M, Mutrie N. How are we measuring
physical activity and sedentary behaviour in the four home nations of the
UK? A narrative review of current surveillance measures and future
directions. Br J Sports Med. 2019. https://doi.org/10.1136/bjsports-2018100355.
Patel R, Chang T, Greysen SR, Chopra V. Social media use in chronic disease:
a systematic review and novel taxonomy. Am J Med. 2015;128:1335–50.
https://doi.org/10.1016/j.amjmed.2015.06.015.
Redfern J, Ingles J, Neubeck L, Johnston S, Semsarian C. Tweeting our way
to cardiovascular health. J Am Coll Cardiol. 2013;61:1657–8. https://doi.org/
10.1016/j.jacc.2013.01.041.
Kim C, Kang BS, Choi HJ, Lee YJ, Kang GH, Choi WJ, Kwon IH. Nationwide
online social networking for cardiovascular care in Korea using Facebook. J Am
Med Inform Assoc. 2014;21:17–22. https://doi.org/10.1136/amiajnl-2012-001465.
Herring SJ, Cruice JF, Bennett GG, Davey A, Foster GD. Using technology to
promote postpartum weight loss in urban, low-income mothers: a pilot
randomized controlled trial. J Nutr Educ Behav. 2014;46:610–5. https://doi.
org/10.1016/j.jneb.2014.06.002.
Nash EL, Gilroy D, Srikusalanukul W, Abhayaratna WP, Stanton T, Mitchell G,
Stowasser M, Sharman JE. Facebook advertising for participant recruitment
into a blood pressure clinical trial. J Hypertens. 2017;35:2527–31. https://doi.
org/10.1097/HJH.0000000000001477.
Donevant SB, Estrada RD, Culley JM, Habing B, Adams SA. Exploring
app features with outcomes in mHealth studies involving chronic
respiratory diseases, diabetes, and hypertension: a targeted exploration

Chen et al. BMC Public Health

21.

22.

23.

24.

25.

26.

27.

28.

(2020) 20:1333

of the literature. J Am Med Inform Assoc. 2018;25:1407–18. https://doi.
org/10.1093/jamia/ocy104.
Levine DM, Lipsitz SR, Linder JA. Trends in Seniors' use of digital health
Technology in the United States, 2011-2014. Jama. 2016;316:538–40. https://
doi.org/10.1001/jama.2016.9124.
Ernsting C, Dombrowski SU, Oedekoven M, JL OS, Kanzler M, Kuhlmey A,
Gellert P. Using smartphones and health apps to change and manage
health behaviors: a population-based survey. J Med Internet Res. 2017;19:
e101. https://doi.org/10.2196/jmir.6838.
Bailey SC, O'Conor R, Bojarski EA, Mullen R, Patzer RE, Vicencio D, Jacobson
KL, Parker RM, Wolf MS. Literacy disparities in patient access and healthrelated use of internet and mobile technologies. Health Expectations. 2015;
18:3079–87. https://doi.org/10.1111/hex.12294..
Becker S, Miron-Shatz T, Schumacher N, Krocza J, Diamantidis C, Albrecht
UV. mHealth 2.0: experiences, possibilities, and perspectives. JMIR Mhealth
Uhealth. 2014;2:e24. https://doi.org/10.2196/mhealth.3328.
FDA. Use of Real-World Evidence to Support Regulatory Decisions-Making
for Medical Devices: Guidance for Industry and Food and Drug
Administration staff. 2017. https://www.fda.gov/regulatory-information/
search-fda-guidance-documents/use-real-world-evidence-supportregulatory-decision-making-medical-devices. Acessed 19 Oct 2016.
Guidelines on the qualification and classification of stand alone software
used in healthcare within the regulatory framework of medical devices. ec.
europa.eu/DocsRoom/documents/17921/attachments/1/translations/en/
renditions/pdf. Acessed 19 Oct 2016.
Krebs P, Duncan DT. Health app use among US Mobile phone owners: a
National Survey. JMIR Mhealth Uhealth. 2015;3:e101. https://doi.org/10.2196/
mhealth.4924.
Streiner DL. Best (but oft-forgotten) practices: the multiple problems of
multiplicity-whether and how to correct for many statistical tests. Am J Clin
Nutr. 2015;102:721–8. https://doi.org/10.3945/ajcn.115.113548.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 7 of 7

