JMIR MHEALTH AND UHEALTH Amagasa et a

Short Paper

How Well iPhones Measure Steps in Free-Living Conditions:
Cross-Sectional Validation Study

Shiho Amagasa’, MM S; Masamitsu Kamada?®, PhD; Hiroyuki Sasai®, PhD; Noritoshi Fukushima’, PhD, MD; Hiroyuki
Kikuchi®, PhD; I-Min Lee>®, MBBS, MPH, ScD; Shigeru Inoue', PhD, MD

1Department of Preventive Medicine and Public Health, Tokyo Medical University, Shinjuku-ku, Japan

2Department of Social and Behavioral Sciences, Harvard T.H. Chan School of Public Health, Boston, MA, United States

3Department of Health Sociology and Health Education, School of Public Health, Graduate School of Medicine, The University of Tokyo, Bunkyo-ku,
Japan

4Department of Life Sciences, Graduate School of Artsand Sciences, The University of Tokyo, Meguro-ku, Japan

SDivision of Preventive Medicine, Brigham and Women's Hospital, Harvard Medica School, Boston, MA, United States

6Department of Epidemiology, Harvard T.H. Chan School of Public Health, Boston, MA, United States

Corresponding Author:

Shigeru Inoue, PhD, MD

Department of Preventive Medicine and Public Health
Tokyo Medical University

6-1-1 Shinjuku

Shinjuku-ku, 160-8402

Japan

Phone: 81 3 3351 6141 ext 237

Email: inoue@tokyo-med.ac.jp

Abstract

Background: Smartphones have great potential for monitoring physical activity. Although a previous laboratory-based study
reported that smartphone apps were accurate for tracking step counts, little evidence on their accuracy in free-living conditions
currently exists.

Objective: We aimed to investigate the accuracy of step counts measured using iPhone in the real world.

Methods: We recruited a convenience sample of 54 adults (mean age 31 [SD 10] years) who owned an iPhone and analyzed
data collected in 2016 and 2017. Step count was simultaneously measured using a validated pedometer (Kenz Lifecorder) and
the iPhone. Participants were asked to carry and use their own iPhones as they typically would while wearing a pedometer on
the waist for 7 consecutive days during waking hours. To assess the agreement between the two measurements, we cal culated
Spearman correlation coefficients and prepared a Bland-Altman plot.

Results: The mean step count measured using theiPhonewas 9253 (3787) steps per day, significantly lower by 129 (1277/10,530)
than that measured using the pedometer, 10,530 (3490) steps per day (P<.001). The Spearman correlation coefficient between
deviceswas 0.78 (P<.001). The largest underestimation of steps by the iPhone was observed among those who reported to have
seldom carried their iPhones (seldom carry: mean —3036, SD 2990, steps/day; sometimes carry: mean —1424, SD 2619, steps/day;
and almost always carry: mean —929, SD 1443, steps/day; P for linear trend=.08).

Conclusions; Smartphones may be of practical use to individuals, clinicians, and researchers for monitoring physical activity.
However, their data on step counts should beinterpreted cautiously because of the possibility of underestimation dueto noncarrying
time.

(JMIR Mhealth Uhealth 2019;7(1):€10418) doi: 10.2196/10418
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Introduction

Monitoring daily physical activity using smartphones may have
agreat potential for public health applications[1]. Althoff et al
[1] described how step-determined physical activity is
distributed using alarge-scal e database consisting of 68 million
days from 717,527 people in 111 countries, automatically
measured using iPhones. However, little evidence exists on
their measurement accuracy [2-5]. It is unclear how accurately
step counts can be tracked viabuilt-in algorithms of smartphones
in free-living conditions because the smartphones may not be
“tethered” to an individual at all times. For example, Hekler et
al [3] examined the validity of physical activity measurement
by a custom app of Android phones against an accelerometer
in free-living conditions and showed that smartphones appear
to be acceptablefor estimating physical activity time. However,
participants wereinstructed to carry their smartphones and wear
the accelerometers at the same time during waking hours. In
another study, Duncan et a [5] assessed variousiPhone models
in free-living conditions, but they did not fully account for the
frequency and location of iPhone carrying. In the real world,
individuals vary considerably regarding how much they carry
their smartphones with them. Therefore, we aimed to assessthe
accuracy of step counts measured using smartphones in
free-living conditions, under typical conditions where the
smartphones may not always be carried by theindividuals, using
the default installment of a step counter app on the iPhone,
against a pedometer.

Methods

Study Sample

We recruited a convenience sample of 54 healthy adults (mean
age 31, SD 10, years; 48%, 26/54, men) who owned an iPhone
5S, 6, 6S, 6plus, SE, or 7 (Apple Inc, California, United States)
through direct outreach and flyers at a university in 2016 and
2017. Each participant received a 3000 Japanese Yen (US $25)
gift card for participating in the study. Ethical approval was
granted by Tokyo Medical University Ethics Committee.

M easures

Daily step count was measured using both a validated
pedometer, Kenz Lifecorder Ex (Suzuken Co, Ltd, Nagoya,
Japan) [6,7], and an iPhone. Schneider et al, in their validation
study using 13 pedometer models, have reported that Kenz
Lifecorder Ex issuitable for most research purposes (compared
to the criterion pedometer, Yamax SW-200), with an observed
mean difference in the step count of —703 (SD 1537) steps per
day [7]. We used the Health app preinstalled on the iPhone to
measure steps using iPhone. Participants were asked to carry
their own iPhones as usual and wear a pedometer on their waist
for 7 consecutive days during waking hours. A self-reported
guestionnaire evaluated sociodemographic and health-related
factors, aswell as how (in their pockets or bags) and how often
(almost always, sometimes, seldom) participants carried their
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iPhones. A record was deemed valid if the pedometer wasworn
for 210 hours aday [8,9] for at least 3 days[10].

Statistical Analysis

The mean and SD of the step count for each device was
obtained. We calculated Spearman correlation coefficients,
intraclass correlation coefficient (ICC), and weighted kappa
using a classification matrix. The difference in the step count
between device measurements was calculated by subtracting
the step count of the pedometer from that of theiPhone. A paired
t test was performed to determine whether the differences
between step counts were statistically significant. We performed
a 2-sample t test and linear regression analysis to detect
differences according to iPhone carrying locations and linear
trend for frequency, respectively. An ordinal scale was used
when thetrend testswererun. A Bland-Altman plot was created
to assess the agreement between the two measurements [11].
In sensitivity analysis, we included data only from participants
with =13 hours of pedometer wear time[12,13]. Analyseswere
conducted in 2017 using IBM SPSS Statistics version 21 (IBM
Corp).

Results

Themean step count measured using theiPhoneswas 9253 (SD
3787) steps per day; this was significantly lower than that
measured using the pedometer, 10,530 (SD 3490) steps per day
(mean relative difference 12% [SD 21%]; P<.001). Spearman
correlation coefficient between the devices was 0.78 (P<.001),
and ICC was 0.88 (95% CI 0.79-0.93; P<.001). When
categorized into quartiles based on step count, the pedometer
and iPhone classified participants into the same quartile 54%
(29/54) of the time, resulting in a weighted kappa coefficient
of 0.69. The Bland-Altman plot revealed a mean differencein
step count of —1277 (SD 2122) steps per day, with no significant
proportiona bias (Figure 1).

In the first graph in Figure 1, the thick black line shows mean
difference among overall sample; dotted black lines show mean
(SD 1.96); red line shows mean difference among those who
amost aways carry their iPhone; blue line shows mean
difference among those who sometimes carry their iPhone; and
green line shows mean difference among those who seldom
carry their iPhone. A negative difference value means the step
count measured using the iPhone was lower than that measured
using the pedometer (ie, underestimated). There was no
significant proportional bias between the two methods (r=0.06).
In the second graph, the thick black line shows mean difference
among overall sample; dotted black lines show mean (SD 1.96);
red line shows mean difference among those who carry their
iPhone in their pockets; and blue line shows mean difference
among those who carry their iPhone in their bags. A negative
difference value means the step count measure using the iPhone
was lower than that measured using the pedometer (ie,
underestimated).

IMIR Mhealth Uhealth 2019 | vol. 7 | iss. 1 | €10418 | p. 2
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Amagasa et a

Figure 1. Comparison of daily steps measured using iPhone and pedometer in free-living conditions (N=54).

@ Participant who responded “T almost always carry my Phone”
A Participant who responded “T sometimes carry my iPhone™
M Participant who responded “T seldom carry my Phone”

T 6000
= A
3
pe
[ =9
T 4000
g ----------------------------------------------------------------------------------------------------------------- +1.gﬁ SD
= e
= 2000 A
=3 ;-
sz 0 Y
N ———— —— - —029
= 2 ——001-‘ —_— Mean difference (all) = -1277
g oe © * T 1424
= -2000 AD% P m
g ® e, u
o & 'y _3036
= s » o
= 4000 N
R —— YR - e B —1.96 SD
5 -6000
& n

-8000

0 5000 10000 15000 20000 25000
Mean step count between iPhone and pedometer (steps/day)
b @ Participant who carried their iPhones in their pockets
= A Participant who carried their iPhones in their bags
= 6000
o ®
=
= 4000
2
LI S e +1.96 SD
= 2000 ® .
sy
= ¢ ® ‘-
g 0 & *ev £ 791
e ‘- e Mean difference (all) =-1277
=
3 -2000 esite A
& -y r = 2104
o A L]
= o 4
= 4000 °
§ .............................. B A B ~1.96 SD
5 -6000
P
& A
- -8000
0 5000 10000 15000 20000 25000

Mean step count between iPhone and pedometer (steps/day)

We then assessed whether step counts from smartphones may  borderline statistical significance (seldom carry: —3036, SD
be sensitive to how frequently participants carried their iPhones 2990, steps/day; sometimes carry: —1424, SD 2619, steps/day;
with them (Figure 1). Thelargest underestimation of stepsusing  and almost always carry: =929, SD 1443, steps/day; P for linear
the iPhones against the pedometer was observed among those  trend=.08). Sensitivity analyses restricting the analyses to
who reported to have seldom carried their iPhones, with participantswith =13 hoursof pedometer wear timealso yiel ded
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similar findingsthat were statistically significant (seldom carry:
—-3036, SD 2990, steps/day; sometimes carry: —1721, SD 2095,
steps/day; and amost alwayscarry: —1032, SD 1401, steps/day;
P for linear trend=0.03). Additionally, step counts were more
underestimated among participants who typically carried their
iPhones in their bags (—2104, SD 1844, steps/day) than among
those carrying the smartphonesin their pockets (=791, SD 2149,
steps/day; P=.02; Figure 1), although the tests for interaction
of iPhone carrying location and frequency with the differences
in step countswere not significant, possibly dueto small sample

Table 1. Gender differencesin daily steps measured using iPhone.
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sizes in the subgroups. There was no significant interaction of
iPhone carrying location and frequency with differencesin step
count between the pedometer and iPhone.

When stratified by gender, difference in the step count between
device measurements was larger among women than among
men (-1847, SD 1880, steps/day vs —664, SD 2231, steps/day;
P=.04; Table 1). Most (18/28, 64%) of the women carried their
iPhonesin their bagsrather than in their pockets, whereas almost
all (24/26, 92%) of the men carried them in their pockets (Table
2).

Characteristics Men Women P value
Agein years, mean (SD) 30 (10) 32(10) 392
Steps measured using, mean (SD)
Pedometer 9864 (3094) 11,149 (3770) 182
iPhone 9200 (3332) 9302 (4227) 922

Differences between the two measurements (i Phone-pedometer steps), mean (SD) -664 (2231) -1847 (1880) 042b

Usage of iPhone model, n (%) 87°
58 9(35) 11 (39)

6 8(31) 5(18)
6S 6(23) 8(29)
SE 1(4) 2(7)
7 2(8) 2(7)
3P value was calculated using t test.
bitalicized values indicate statistical ly significant differences.
P value was calculated using Fisher Exact test.
Table 2. Gender differencesin frequency and location of carrying an iPhone.
Characteristics Men Women P value
n (%) Mean (SD) n (%) Mean (SD)

Frequency of carrying an iPhone 307
Almost aways 17 (65) -439 (1647) 12 (43) -1623 (679) .03bc
Sometimes 8(31) -1181 (3336) 13 (46) -1573 (2208) 75°
Seldom 1(4) N/AY 3(11) -3928 (2939) N/A

L ocation of carrying an iPhone <.0012
In the pocket 24(92) -573 (2289) 10 (36) -1314 (1765) 37
Inabag 2(8) -1757 (1151) 18 (64) -2143 (1925) 79

8 value was calculated using Fisher Exact test.

bp value was calculated usi ngt test.

Cltalicized valuesindicate statistically significant differences.
dN/A: not applicable.
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Discussion

Principal Findings

We found that step counts measured using a pedometer or
iPhone correl ated moderately well under free-living conditions.
In contrast to a previous laboratory-based study where only a
small difference in the mean step count between iPhone apps
and direct observation was found [4], we found that iPhone
underestimated average step count by 12% (1277/10,530)
compared to a pedometer. These findings were similar to that
of previous study where step counts measured using iPhone
were underestimated by 1340 steps per day in free-living
conditions [5]. Furthermore, the level of underestimation
depended on how often participantstypically carried the phone
with them, as well as different carrying locations of the phone.
To improvethe accuracy of step counts measured using i Phones,
carrying a phone as frequently as possible appears important.

With the growing popularity of smartphones[14], step counting
apps make objective tracking of physical activity available to
a tremendous number of people [1]. Smartphones may be of
practical use to researchers for monitoring step-determined
physical activity and for health promotion. Furthermore,
clinicians can obtain a patient’s daily physical activity data
immediately in clinical practice. However, investigators and
clinicians also should be aware of the potential for
underestimation of step counts using smartphones especially
whentheinterest isinits between-individual variation, including
country-level comparisons. For example, a previous study of
step-determined physical activity for free-living individuals
measured using an iPhone app identified inactive subpopul ations
such as women [1]. The finding that women took fewer steps
than men regardless of age groups may partly be attributable to
the phone carrying habits and location of phone carrying among
women. In particular, women's clothing, such as dresses, rarely
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have pocketslarge enough to fit asmartphone, and in our study,
most women carried their iPhones in their bags rather than in
their pockets.

The mean bias of step counts measured using iPhone dightly
exceeded the +10% “acceptable” difference range used in
previous freelliving studies [7,15]. In addition, limits of
agreement ranged from —5436 to 2882 steps per day for all
participants (—3757 to 1899 steps/day among those who almost
always carried an iPhone). However, this difference is
comparable to that observed for other pedometers that are
considered acceptable for research purpose [7,15].

Limitations

We investigated only healthy, young Japanese adults who were
more active than the general population [16] and owned an
iPhone; it is unclear whether our results are applicable to other
individual s and other smartphone apps. In this study, there might
have been an underestimation of differences in step counts
between Kenz Lifecorder Ex and theiPhone. Although previous
studies have found Kenz Lifecorder Ex to be acceptable
compared to gold standard pedometers, the former may dlightly
underestimate step counts in free-living conditions [7]. Thus,
theinherent technical measurement error of the pedometer used
in this study is alimitation.

Conclusions

We found that step count measured using a pedometer and
iPhone correlated moderately well in free-living conditions.
Smartphones can be of practical use to individuals, clinicians,
and researchers for monitoring physical activity and for health
promotion. However, their data on step counts should be
interpreted cautiously because of the possibility of
underestimation due to noncarrying time and carrying locations,
aswell as gender differences.

This study was supported by a Grant-in-Aid for Scientific Research (16H03249) from the Japan Ministry of Education, Culture,
Sports, Science and Technology, and the Uehara Memorial Foundation. No financial disclosures were reported by the authors of
this paper.

Authors Contributions

SA collected the data and wrote the first draft of this manuscript. MK, HS, NF, HK, IML, and Sl participated in the interpretation
of the data, revised the draft versions of the manuscript, and provided critical comments during the process. All authors contributed
to the writing of the manuscript and approved the final version.

Conflictsof I nterest
None declared.

References

1. Althoff T, Sosi¢ R, Hicks JL, King AC, Delp SL, Leskovec J. Large-scale physical activity data reveal worldwide activity
inequality. Nature 2017 Dec 20;547(7663):336-339 [FREE Full text] [doi: 10.1038/nature23018] [Medline: 28693034]

2. Orr K, Howe HS, Omran J, Smith KA, Palmateer TM, MaAE, et a. Validity of smartphone pedometer applications. BMC
Res Notes 2015 Nov 30;8:733 [FREE Full text] [doi: 10.1186/s13104-015-1705-8] [Medline: 26621351]

3. Hekler EB, Buman MP, Grieco L, Rosenberger M, Winter SJ, Haskell W, et al. Validation of Physical Activity Tracking
via Android Smartphones Compared to ActiGraph Accelerometer: Laboratory-Based and Free-Living Validation Studies.
JMIR Mhealth Uhealth 2015 Apr 15;3(2):€36 [FREE Full text] [doi: 10.2196/mhealth.3505] [Medline: 25881662]

http://mhealth.jmir.org/2019/1/e10418/ JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 1| €10418 | p. 5

(page number not for citation purposes)


http://europepmc.org/abstract/MED/28693034
http://dx.doi.org/10.1038/nature23018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28693034&dopt=Abstract
https://bmcresnotes.biomedcentral.com/articles/10.1186/s13104-015-1705-8
http://dx.doi.org/10.1186/s13104-015-1705-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26621351&dopt=Abstract
http://mhealth.jmir.org/2015/2/e36/
http://dx.doi.org/10.2196/mhealth.3505
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25881662&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Amagasa et a

10.

11.

12.

13.

14.

15.

16.

Case MA, Burwick HA, Volpp KG, Patel MS. Accuracy of smartphone applications and wearable devices for tracking
physical activity data. JAMA 2015 Feb 10;313(6):625-626. [doi: 10.1001/jama.2014.17841] [Medline: 25668268]
Duncan MJ, Wunderlich K, Zhao Y, Faulkner G. Walk this way: validity evidence of iphone health application step count
inlaboratory and free-living conditions. J Sports Sci 2018 Aug;36(15):1695-1704. [doi: 10.1080/02640414.2017.1409855]
[Medline: 29179653]

Crouter SE, Schneider PL, Karabulut M, Bassett DR. Validity of 10 electronic pedometers for measuring steps, distance,
and energy cost. Med Sci Sports Exerc 2003 Aug;35(8):1455-1460. [doi: 10.1249/01.M SS.0000078932.61440.A2] [Medline:
12900704]

Schneider PL, Crouter SE, Bassett DR. Pedometer measures of free-living physical activity: comparison of 13 models.
Med Sci Sports Exerc 2004 Feb;36(2):331-335. [doi: 10.1249/01.M SS.0000113486.60548.E9] [Medline: 14767259]
Tudor-Locke C, Camhi SM, Troiano RP. A catalog of rules, variables, and definitions applied to accelerometer datain the
National Health and Nutrition Examination Survey, 2003-2006. Prev Chronic Dis 2012;9:E113 [FREE Full text] [Medline:
22698174]

Troiano RP, Berrigan D, Dodd KW, Méasse LC, Tilert T, McDowell M. Physical activity in the United States measured by
accelerometer. Med Sci Sports Exerc 2008 Jan;40(1):181-188. [doi: 10.1249/mss.0b013e31815a51b3] [Medline: 18091006]
Matthews CE, Ainsworth BE, Thompson RW, Bassett DR. Sources of variance in daily physical activity levels as measured
by an accelerometer. Med Sci Sports Exerc 2002 Aug;34(8):1376-1381. [Medline: 12165695]

Bland JM, Altman DG. Statistical methods for assessing agreement between two methods of clinical measurement. Lancet
1986 Feb 08;1(8476):307-310. [Medline: 2868172]

Herrmann SD, Barreira TV, Kang M, Ainsworth BE. How many hours are enough? Accelerometer wear time may provide
biasin daily activity estimates. J Phys Act Health 2013 Jul;10(5):742-749. [Medline: 23036822]

Herrmann SD, Barreira TV, Kang M, Ainsworth BE. Impact of accel erometer wear time on physical activity datac a
NHANES semisimulation data approach. Br J Sports Med 2014 Feb;48(3):278-282. [doi: 10.1136/bjsports-2012-091410]
[Medline: 22936409]

Anthes E. Mental health: There's an app for that. Nature 2016 Apr 07;532(7597):20-23. [doi: 10.1038/532020a] [Medline:
27078548]

Barriera TV, Tudor-Locke C, Champagne CM, Broyles ST, Johnson WD, Katzmarzyk PT. Comparison of GT3X
accelerometer and YAMAX pedometer steps/day in afree-living sample of overweight and obese adults. JPhys Act Health
2013 Feb;10(2):263-270. [Medline: 22821951]

Ministry of Health Labour and Welfare. 2016. National Health and Nutrition Survey URL : https.//www.mhlw.go.jp/file/
04-Houdouhappyou-10904750-K enkoukyoku-Gantai sakukenkouzoushinka/kekkagaiyou 7.pdf [accessed 2018-11-20]
[WebCite Cache ID 744WgY xMd]

Abbreviations

ICC: intraclass correlation coefficient

Edited by G Eysenbach; submitted 19.03.18; peer-reviewed by W Tian, J Goris, M Duncan; comments to author 17.08.18; revised
version received 09.10.18; accepted 14.10.18; published 09.01.19

Please cite as:

Amagasa S, Kamada M, Sasai H, Fukushima N, Kikuchi H, Lee IM, Inoue S

How Well iPhones Measure Sepsin Free-Living Conditions: Cross-Sectional Validation Sudy
JMIR Mhealth Uhealth 2019;7(1):€10418

URL: http://mhealth.jmir.org/2019/1/€10418/

doi: 10.2196/10418

PMID: 30626569

©Shiho Amagasa, Masamitsu Kamada, Hiroyuki Sasai, Noritoshi Fukushima, Hiroyuki Kikuchi, I-Min Lee, Shigeru Inoue.
Originaly published in IMIR Mhealth and Uhealth (http://mhealth.jmir.org), 09.01.2019. Thisis an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in IMIR mhealth and
uhealth, is properly cited. The complete bibliographic information, alink to the original publication on http://mhealth.jmir.org/,
aswell asthis copyright and license information must be included.

http://mhealth.jmir.org/2019/1/e10418/ JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 1| €10418 | p. 6

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.1001/jama.2014.17841
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25668268&dopt=Abstract
http://dx.doi.org/10.1080/02640414.2017.1409855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29179653&dopt=Abstract
http://dx.doi.org/10.1249/01.MSS.0000078932.61440.A2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12900704&dopt=Abstract
http://dx.doi.org/10.1249/01.MSS.0000113486.60548.E9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14767259&dopt=Abstract
https://www.cdc.gov/pcd/issues/2012/11_0332.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22698174&dopt=Abstract
http://dx.doi.org/10.1249/mss.0b013e31815a51b3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18091006&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12165695&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2868172&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23036822&dopt=Abstract
http://dx.doi.org/10.1136/bjsports-2012-091410
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22936409&dopt=Abstract
http://dx.doi.org/10.1038/532020a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27078548&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22821951&dopt=Abstract
https://www.mhlw.go.jp/file/04-Houdouhappyou-10904750-Kenkoukyoku-Gantaisakukenkouzoushinka/kekkagaiyou_7.pdf
https://www.mhlw.go.jp/file/04-Houdouhappyou-10904750-Kenkoukyoku-Gantaisakukenkouzoushinka/kekkagaiyou_7.pdf
http://www.webcitation.org/

                                            744WgYxMg
http://mhealth.jmir.org/2019/1/e10418/
http://dx.doi.org/10.2196/10418
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30626569&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

