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Abstract
Objectives: We studied the association between objectively-measured smartphone usage and objectively-measured
sleep quality and physical activity for seven consecutive days among Hong Kong adolescents and young adults aged
11–25 (n = 357, 67% female).

Methods: We installed an app that tracked the subjects’ smartphone usage and had them wear an ActiGraph GT3X
accelerometer on their wrist to measure their sleep quality and physical activity level. Smartphone usage data were
successfully obtained from 187 participants (52.4%).

Results: The participants on average spent 2 hours 46 minutes per day on their smartphone. Multilevel regression
showed that, among secondary school students, one minute of daytime smartphone usage was associated with 0.12
minute decrease in total sleeping time that night (p = 0.042, 95% CI: -0.23, -0.007). One minute of bedtime smartphone
usage was associated with 0.32 minute increase in wake after sleep onset that night (p = 0.04, 95% CI: 0.02, 0.62). One
minute of smartphone usage during sleep was associated with sleep e�ciency (β = 0.013%, p = 0.01, 95% CI: 0.003%,
0.023%) and WASO (β=-0.05, p = 0.04, 95% CI: -0.10, -0.005). One minute of daytime smartphone usage was
associated with 7.15 steps increase in the number of steps (p = 0.02, 95% CI: 1.02, 13.28) among secondary school
students and 3.52 steps increase in the number of steps (p = 0.03, 95% CI: 0.37, 6.66) among university students on
the next day.

Conclusion: Time spent on smartphone was associated with total sleeping time, the number of steps, and MVPA
among Hong Kong adolescents and young adults.

Introduction
The use of smartphones has been increasing rapidly in recent years. The number of smartphone users worldwide was
1.5 billion in 2014 and this �gure is expected to be doubled in 2020 [1]. Smartphones have substituted for mp3 music
players, video players, and handheld game consoles, as they allow easy access to all of these functions at any time
and any place at the user’s convenience [2]. Smartphones also allow for the taking of instant photos and videos and
the sharing of them through the internet. Moreover, smartphones allow users to download attractive and powerful
applications for education, entertainment, and stock transactions. Smartphones are becoming so important that 29%
of their owners “can’t imagine living without” them [3].

Smartphone ownership and usage are a global phenomenon, with Hong Kong being one of the cities with the highest
penetration rates around the world (ranked 8th out of 47 countries or places in 2013 [4]). Local studies have revealed
that almost all adults, more than 50% of primary school students, and more than 90% of secondary school students
possess at least one smartphones [5]. Another study conducted by the Hong Kong Polytechnic University showed that
30% of school students used smart devices (including smartphones and tablets) for one to four hours per day [6].

While appropriately using smartphones can improve our quality of life, excessive usage is likely to lead to adverse
health outcomes. The excessive usage of smartphones was associated with sedentary lifestyles [7], poor sleeping
habits [8], and increased waking-time tiredness [8]. A recent large-scale cross-sectional study among adolescents in
Norway showed that both the daytime and bedtime use of electronic devices was associated with sleep problems [9],
con�rming the theoretical pathway that the lighted screen of smartphone suppresses melatonin and affects sleep.
Furthermore, increased time spent in bedtime smartphone usage will shorten the user’s total sleeping time and time
spent in physical activity.
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Note that all of the aforementioned studies suffered a common major limitation, namely the use of the self-report level
of smartphone usage, in which the reporting was subjected to recall bias [9], unknown validity and reliability [9], and an
inability to track the frequently-changing smartphone usage habit [10].

Objectively-measured data on smartphone usage can be obtained by directly monitoring smartphone activities. Many
smartphone monitoring applications have been written, most of which have been aimed at collecting usage
information on data transfer and battery power consumption for further hardware development and improvement [11–
16]. Very few studies have correlated objectively-measured smartphone usage with other outcomes; to the best of our
knowledge, there exists only one study correlating objectively-measured smartphone usage with personality traits [17].
To date, there have been no studies on the association between objectively-measured smartphone usage and health
outcomes. Here, we studied the association between objectively-measured smartphone usage and objectively-
measured sleep quality and physical activity (using a wrist-worn accelerometer) measured for seven consecutive days
in Hong Kong Chinese adolescents and young adults.

Methods

Participants
This study was conducted from March 2017 to May 2018. The participants were recruited from one secondary school
(Tai Po Sam Yuk Secondary School, which corresponds to Years 7 to 12 in the US education system) and two
universities (Hong Kong Polytechnic University and Education University of Hong Kong) in Hong Kong. In the
secondary school, invitation letters were sent to the parents of all students. In the two universities, invitation emails
were sent to all undergraduate students. Only those aged 11–25, who were able to speak and read Chinese, and
owned a smartphone with the Android operating system were recruited to take part in this study. Phones with the
Apple iOS operating system were excluded because Apple iOS app programmers are not allowed to collect
smartphone usage data continuously. Written consent was obtained from all of the participants. For participants
under the age of 18, parental written consent was also obtained. As a token of appreciation, a supermarket cash
coupon worth HK $100 (approximately US $13) was given to the participants after the data were collected. This study
was approved by the Human Subjects Ethics Sub-Committee of the Hong Kong Polytechnic University.

Data collection
Objectively-measured smartphone usage. We installed a smartphone usage tracking app (created by our team) on the
smartphone of all of the participants' smartphone for seven consecutive days. This app tracked the opening and
closing of all apps in the smartphone. No private or personal data, such as the contents of instant messages and the
web pages that were browsed, were collected. For those participants who possessed more than one smartphone, we
installed the app in their most commonly-used phone. We de�ned an app as being used when it was running in the
graphical interface. It should be noted that the opening of one app would trigger the closure of the app currently being
used, if any. The usage time was tracked by seconds. The names of the apps being used, their opening time, and
closing time were stored in the smartphone and uploaded to a remote server (Firebase) once internet connection was
available, and all uploaded data were removed from the smartphone.

Sleep quality and physical activity level. During the seven-day monitoring period, all of the participants concurrently
wore an ActiGraph GT3X accelerometer. This is a wrist-worn, water-proof accelerometer that has been validated for
measuring sitting time [18], physical activity [19], and sleeping time [20, 21]. The participants were instructed to wear
the accelerometer on their non-dominant hand for 24 hours a day over seven consecutive days. They were asked to
record the removal time in a logbook, if any (for example, when participating in a soccer or basketball competition
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during which the accelerometer might become damaged). Data were collected in 1-minute epoch. To synchronize the
accelerometer data with smartphone usage data, when initializing the accelerometers Greenwich Mean Time + 8,
obtained via the internet, were used.

Data processing
Sleep quality and physical activity level. Peak acceleration in the three axes was extracted from the raw acceleration.
The resultant acceleration of the raw acceleration from three axes was summarized by counts per minute (CPM). CPM
of ≥ 4,514 of the vertical axis was classi�ed as moderate-to-vigorous-intensity activity (MVPA) [22]. Non-wearing time
was de�ned as consecutive zero counts for 60 or more minutes. The amount of wearing time in a day was computed
by subtracting the non-wearing time and sleeping time (determined by the accelerometer) from 24 hours. A valid day
must include at least 10 hours of wearing time excluding sleeping time, and only those who provided a minimum of
one valid day were included in the analysis. All of the minutes recorded from the accelerometers were classi�ed as
either sleep or awake using Sadeh’s algorithm [23]. According to Sadeh’s algorithm, the sleep index of a minute is
de�ned as 7.601 – (0.065 × AVG) – (1.08 × NATS) – (0.056 × SD) – (0.703 × LG), where AVG is the average CPM of the
11 minutes centered at the current minute, NATS is the number of minute with CPM between 50 to 99 at the 11-min
period, SD is the standard deviation of the current and �ve preceding minutes, and LG is the natural log of the CPM + 1
(to avoid log of 0) at the current minute. Recorded minutes with sleep index of ≥-4 will be classi�ed as sleep, and
awake otherwise. Sleep onset was de�ned as the �rst 15 minutes of consecutive sleeping minutes, and awakening
time was de�ned as the �rst 15 minutes of consecutive wake minutes. The total sleeping period was measured as
beginning at sleep onset and ending at awakening. Total sleeping time was de�ned as the sleeping time within the
total sleeping period. Sleep e�ciency was de�ned as the total sleeping time divided by the total sleeping period. Wake
after sleep onset (WASO) was de�ned as the waking time within the total sleeping period.

Objectively-measured smartphone usage. All recorded smartphone applications were categorized under social network
(Facebook, Twitter, Instagram, Weibo, etc.), instant messaging (Whatsapp, Skype, Line, Wechat, etc.), web browsing
(including browser and apps developed for browsing speci�c websites), games and comics (except games plug-ins
and guides), multimedia (related to music, video, and image/photo, for example YouTube and MOOV), camera
(including beauty-themed photo and video apps such as Meitu), and health (pedometer, GPS distance and speed
tracker, etc.). The time spent on each usage session was computed as the difference between the closing time and
opening time. Usage sessions of less than 1 second were discarded as such short times were likely to be an indication
that the app had been accidentally pressed. All smartphone usage time were classi�ed as either occurring in the
daytime (de�ned as the time from waking up to 1 hour before sleep, where the sleeping time was identi�ed using the
accelerometer data), bedtime (de�ned as 1 hour before sleep), or during sleep. Smartphone usage time during sleep
was excluded as the phone usage may not be performed by the smartphone owner.

Statistical analysis
Descriptive statistics (mean, SD, frequency) were used to summarize the pattern of smartphone usage, sleep quality,
and physical activity level. Multilevel regression was used to examine the temporal association between daytime and
bedtime smartphone usage with sleep quality that night and physical activity on the following day, adjusted for the
data source (secondary school / university), sex, and within-subject correlation. The data from the �rst day that the
smartphone usage tracking app was installed and the accelerometer was distributed were excluded due to the
incompleteness of the data. All data analysis was strati�ed by school type (secondary school versus university) p-
value of < 0.05 was considered signi�cant.

Results
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A total of 393 students (156 from the secondary school and 237 from the two universities) agreed to participate, and
357 of them who provided at least one valid day of accelerometer data were included in the current analysis. Table 1
shows the characteristics of the participants. Nearly two-thirds of them were university students. The secondary
school sample was balanced in gender, but in the university sample less than one-fourth of them were male. The sleep
quality and physical activity level of the two samples were comparable.

Table 1
Demographic characteristics and accelerometer-measured sleep quality and physical activity level of the participants

(n = 357)

  Secondary school
students

(number of participants = 
125)

University students

(number of participants = 
232)

Overall

(number of participants = 
187, number of days = 
1,106)

Variable Frequency (%) Frequency (%) Frequency (%)

Sex      

Male 62 (50.4%) 55 (23.7%) 117 (33.0%)

Female 61 (49.6%) 177 (76.3%) 238 (67.0%)

  Mean (SD) Mean (SD) Mean (SD)

Age 18.4 (3.3) 18.4 (3.3) 18.4 (3.3)

Sleep quality Secondary school
students

(number of participants = 
32, number of days = 176)

University students

(number of participants = 
155, number of days = 930)

Secondary school students

(number of participants = 
187, number of days = 
1,106)

Total sleeping time
(hr)

7.5 (1.8) 7.5 (1.8) 7.5 (1.8)

Sleep e�ciency (%) 94.3 (4.5) 94.9 (4.1) 94.7 (4.2)

Wake after sleep
onset (min)

25.2 (19.9) 22.6 (17.8) 23.4 (18.5)

Physical activity level Secondary school
students

(number of participants = 
123, number of days = 
459)

University students

(number of participants = 
229, number of days = 
1,058)

Secondary school students

(number of participants = 
352, number of days = 
1,517)

Number of step 10,315 (4,950) 10,003 (4,186) 10,095 (4,423)

Moderate-to-vigorous
physical activity
(min)

162.7 (102.6) 137.2 (73.2) 144.6 (83.6)

Of the 357 participants, smartphone usage data were successfully tracked for 187 (52.4%). The smartphone tracking
app was written for Android 7.0 or above, and the tracking app did not work with some smartphones installed with
earlier Android versions. The daytime and bedtime smartphone usage data are summarized in Table 2. The
participants spent nearly 3 hours per day on their smartphone. Secondary school students on average spent 40 more
minutes per day on smartphones than university students. The most common type of usage among secondary school
students and university students were games and comics apps (1 hour 30 minutes per day) and instant messaging
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apps (1 hour 13 minutes per day), respectively. Bedtime smartphone usage was recorded in 464 (42.0%) out of the
1,106 measured nights. On average the participants spent 10 minutes per day on their smartphone during bedtime.
Smartphone usage during sleep was recorded in 563 (50.9%) out of the 1,106 measured nights. On average the
participants spent 29 minutes per day on their smartphone during sleep.

Table 2
Smartphone usage (min) of the participants (number of participants = 187, number of days = 1,106)

  Secondary school students

(number of participants = 32,
number of days = 176)

University students

(number of participants = 155,
number of days = 930)

Overall

(number of participants = 187,
number of days = 1,106)

Smartphone
usage

Daytime
(mean
(SD))

Bedtime
(mean
(SD))

During
sleep
(mean
(SD))

Daytime
(mean
(SD))

Bedtime
(mean
(SD))

During
sleep
(mean
(SD))

Daytime
(mean
(SD))

Bedtime
(mean
(SD))

During
sleep
(mean
(SD))

Social
network

23.1
(101.9)

1.1
(7.0)

2.2
(13.8)

24.2
(52.1)

2.0
(8.8)

4.4
(26.8)

24.0
(62.7)

1.9
(3.8)

4.0
(25.2)

Instant
messaging

54.8
(96.5)

3.3
(12.2)

9.6
(43.9)

73.4
(112.6)

3.9
(12.3)

11.5
(73.8)

70.5
(110.3)

3.8
(12.3)

11.2
(69.9)

Tools 16.1
(45.1)

1.6
(10.9)

16.5
(106.7)

25.4
(58.1)

1.7
(9.8)

7.9
(65.5)

23.9
(56.3)

1.7
(10.0)

9.3
(73.6)

Web
browsing

2.7
(13.8)

0.4
(2.4)

0.2
(1.3)

4.1
(17.5)

0.5
(3.3)

0.8
(6.1)

3.9
(17.0)

0.4
(3.2)

0.7
(5.6)

Games and
comics

89.8
(199.1)

4.5
(13.0)

7.3
(28.3)

24.2
(78.1)

1.1
(6.7)

2.0
(23.2)

34.7
(109.5)

1.7
(8.1)

2.9
(24.1)

Multimedia 20.3
(60.7)

1.1
(7.0)

3.7
(46.3)

6.7
(32.0)

0.9
(6.5)

0.6
(7.6)

8.8
(38.3)

0.9
(6.6)

1.1
(19.7)

Health 0.0 (0.0) 0.0
(0.0)

0.0
(0.0)

0.4 (3.0) 0.0
(0.5)

0.0
(0.5)

0.3 (2.7) 0.0
(0.5)

0.0
(0.5)

Camera 0.6 (4.0) 0.0
(0.1)

0.0
(0.1)

0.2 (2.5) 0.0
(0.1)

0.0
(0.1)

0.3 (2.8) 0.0
(0.1)

0.0
(0.1)

Total 207.4
(309.1)

12.1
(26.4)

39.4
(136.6)

158.6
(199.4)

10.1
(21.3)

27.3
(107.6)

166.4
(221.0)

10.4
(22.2)

29.2
(112.7)

Table 3 shows the multilevel regression results of smartphone usage on sleep quality. Among secondary school
students, one minute of daytime smartphone usage was associated with 0.12 minute decrease in total sleeping time
that night (p = 0.042, 95% CI: -0.23, -0.007). Broken down for different usage purposes, only social network (β=-0.39, p 
= 0.03, 95% CI: -0.73, -0.04) was associated with total sleeping time. One minute of bedtime smartphone usage was
associated with 0.32 minute increase in wake after sleep onset that night (p = 0.04, 95% CI: 0.02, 0.62). One minute of
smartphone usage during sleep was associated with sleep e�ciency (β = 0.013%, p = 0.01, 95% CI: 0.003%, 0.023%)
and WASO (β=-0.05, p = 0.04, 95% CI: -0.10, -0.005). Among university students, smartphone usage during daytime,
bedtime, and sleep were insigni�cantly associated with sleep quality. Broken down for different usage purposes,
daytime tools usage (β = 0.32, p = 0.02, 95% CI: 0.04, 0.60) and bedtime social network usage (β = 2.38, p = 0.02, 95%
CI: 0.37, 4.39) was associated with total sleeping time, while instant messaging (β = 0.04, p = 0.048, 95% CI: 0.001,
0.07), web browsing (β = 0.47, p = 0.02, 95% CI: 0.09, 0.84), and camera usage (β = 25.79, p = 0.01, 95% CI: 6.22, 45.36)
during sleep were associated with WASO.
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Table 3
Multilevel regression results of smartphone usage (min) on sleep quality (number of participants = 187, number of

days = 814)

  Secondary school students

(number of participants = 32, number of days = 
109)

University students

(number of participants = 155, number of days 
= 705)

  Total
sleeping
time (min)

Sleep
e�ciency (%)

Wake after
sleep onset
(%)

Total
sleeping
time (min)

Sleep
e�ciency (%)

Wake after
sleep onset
(%)

Daytime            

Social
network

-0.39* (-0.73,
-0.04)

-0.0088
(-0.0090,
0.0267)

-0.04 (-0.12,
0.04)

-0.19 (-0.51,
0.14)

-0.0034
(-0.0166,
0.0098)

0.004 (-0.06,
0.05)

Instant
messaging

0.14 (-0.22,
0.49)

-0.0019
(-0.0175,
0.0138)

0.04 (-0.04,
0.11)

-0.08 (-0.22,
0.06)

-0.0022
(-0.0080,
0.0036)

0.01 (-0.02,
0.03)

Tools -0.46 (-1.15,
0.23

-0.0006
(-0.0275,
0.0263)

-0.04 (-0.17,
0.09)

0.32* (0.04,
0.60)

0.0031
(-0.0083,
0.0144)

0.01 (-0.03,
0.06)

Web
browsing

-1.14 (-3.25,
0.96)

-0.0419
(-0.1238,
0.0401)

0.17 (-0.24,
0.57)

-0.69 (-1.74,
0.37)

0.0010
(-0.0434,
0.0454)

-0.05 (-0.24,
0.13)

Games
and
comics

-0.17 (-0.35,
-0.004)

-0.0057
(-0.0134,
0.0020)

0.01 (-0.03,
0.05)

-0.17 (-0.37,
0.04)

-0.0036
(-0.0122,
0.0051)

0.06 (-0.03,
0.16)

Multimedia -0.44 (-0.94,
0.06)

-0.0090
(-0.0286,
0.0105)

0.006 (-0.09,
0.10)

0.003 (-0.46,
0.46)

-0.0007
(-0.0192,
0.0177)

0.01 (-0.06,
0.09)

Health N/A N/A N/A 0.38 (-4.38,
5.15)

0.0568
(-0.1332,
0.2469)

-0.19 (-0.97,
0.59)

Camera 3.20 (-4.96,
11.37)

-0.0129
(-0.3191,
0.2932)

0.02 (-1.43,
1.48)

0.02 (-5.54,
5.58)

0.0568
(-0.1592,
0.2727)

-0.22 (-1.10,
0.66)

Total -0.12* (-0.23,
-0.007)

-0.0029
(-0.0077,
0.0019)

0.01 (-0.02,
0.03)

-0.04 (-0.13,
0.04)

-0.0012
(-0.0046,
0.0022)

0.01 (-0.01,
0.02)

Bedtime            

Social
network

1.10 (-5.35,
7.55)

-0.1152
(-0.3542,
0.1239)

0.45 (-0.73,
1.64)

2.38* (0.37,
4.39)

-0.0022
(-0.0831,
0.0787)

0.15 (-0.18,
0.48)

Instant
messaging

1.77 (-1.38,
4.92)

-0.1231
(-0.2512,
0.0050)

0.64* (0.02,
1.25)

0.24 (-1.23,
1.70)

0.0456
(-0.0122,
0.1033)

-0.18 (-0.42,
0.06)

Tools -4.34 (-10.25,
1.56)

0.1062
(-0.1155
0.3280)

-0.95 (-2.04,
0.14)

-0.86 (-3.25,
1.54)

-0.0460
(-0.1393
0.0473)

0.13 (-0.25,
0.51)
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  Secondary school students

(number of participants = 32, number of days = 
109)

University students

(number of participants = 155, number of days 
= 705)

Web
browsing

-3.06 (-9.35,
15.46)

0.2611
(-0.1877,
0.7080)

-0.94 (-3.18,
1.30)

-1.44 (-6.24,
3.36)

0.1174
(-0.0709,
0.3058)

-0.32 (-1.09,
0.45)

Games
and
comics

0.42 (-2.17,
3.01)

-0.0802
(-0.1835,
0.0232)

0.45 (-0.06,
0.96)

1.75 (-0.44,
3.94)

0.0128
(-0.0735,
0.0991)

0.09 (-0.27,
0.44)

Multimedia -4.00 (-10.78,
2.78)

-0.0100
(-0.2614,
0.2414)

-0.10 (-1.35,
1.16)

0.89 (-1.34,
3.11)

-0.0233
(-0.1099,
0.0633)

0.19 (-0.16,
0.54)

Health N/A N/A N/A 17.22 (-8.78,
43.22)

0.5519
(-0.4686,
1.5720)

-1.98 (-6.17,
2.21)

Camera -135.36
(-601.04,
330.32)

6.1200
(-11.1420,
23.3880)

-32.09
(-114.94,
50.76)

-116.63
(-251.81,
18.54)

3.6540
(-1.6020,
8.910)

-12.45 (-33.91,
9.01)

Total 0.59 (-0.96,
2.13)

-0.0604
(-0.1219,
0.0010)

0.32* (0.02,
0.62)

0.68 (-0.18,
1.54)

0.0153
(-0.0188,
0.0494)

-0.01 (-0.15,
0.13)

During
sleep

           

Social
network

1.82 (-0.91,
4.55)

0.0433
(-0.0634,
0.1499)

-0.08 (-0.60,
0.45)

-0.02 (-0.63,
0.59)

-0.0059
(-0.0297,
0.0179)

0.02 (-0.07,
0.12)

Instant
messaging

0.26 (-0.54,
1.07)

0.0119
(-0.0290,
0.0528)

-0.06 (-0.24,
0.13)

0.07 (-0.16,
0.29)

-0.0069
(-0.0157,
0.0020)

0.04* (0.001,
0.07)

Tools 0.60 (-0.01,
1.22)

-0.0018
(-0.0249
0.0213)

0.06 (-0.05,
0.18)

0.04 (-0.30,
0.39)

0.0062
(-0.0074
0.0197)

-0.02 (-0.08,
0.03)

Web
browsing

12.67
(-10.03,
35.37)

-0.0062
(-1.2060,
1.1940)

0.53 (-4.47,
5.86)

2.13 (-0.19,
4.46)

-0.0740
(-0.1655,
0.0175)

0.47* (0.09,
0.84)

Games
and
comics

0.84 (-0.18,
1.86)

0.0095
(-0.0298,
0.0489)

0.02 (-0.17,
0.21)

0.25 (-0.34,
0.83)

-0.0125
(-0.0352,
0.0102)

0.06 (-0.03,
0.16)

Multimedia 0.13 (-0.89,
1.16)

0.0076
(-0.0350,
0.0501)

-0.03 (-0.23,
0.17)

1.74 (-0.06,
3.54)

-0.0291
(-0.0992,
0.0409)

0.28 (-0.01,
0.57)

Health N/A N/A N/A 6.39 (-20.66,
33.45)

0.9240
(-0.1309,
1.9740)

-3.64 (-7.95,
0.68)

Camera 286.27
(-136.42,
708.96)

-13.5600
(-29.1660,
2.0460)

97.43* (23.21,
171.65)

157.39*
(37.41,
277.37)

-3.4020
(-8.1900,
1.3920)

25.79* (6.22,
45.36)
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  Secondary school students

(number of participants = 32, number of days = 
109)

University students

(number of participants = 155, number of days 
= 705)

Total 0.11 (-0.16,
0.37)

0.0130*
(0.0028,
0.0232)

-0.05* (-0.10,
-0.005)

0.02 (-0.13,
0.18)

-0.0038
(-0.0098,
0.0023)

0.02 (-0.01,
0.04)

Table 4 shows the multilevel regression results of smartphone usage on physical activity level. One minute of daytime
smartphone usage was associated with 7.15 steps increase in the number of steps (p = 0.02, 95% CI: 1.02, 13.28)
among secondary school students and 3.52 steps increase in the number of steps (p = 0.03, 95% CI: 0.37, 6.66) among
university students on the next day. Social network, instant messaging, tools, and multimedia usage were positively
associated with the time spent on MVPA. Smartphone usage during bedtime and sleep were insigni�cantly associated
with physical activity level, except web browsing during sleep was associated with number of steps (β = 1153.07, p = 
0.04, 95% CI: 57.92, 2248.22) among secondary school students. Table 5 shows that, for both secondary school
students and university students, better sleep quality was associated with higher volume of physical activity level on
the next day, except that one percent increase in sleep e�ciency was associated with 2.29 minutes decrease in time
spent on MVPA (p = 0.02, 95% CI: 0.34, 4.25) among secondary school students.
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Table 4
Multilevel regression results of smartphone usage (min) on physical activity level (number of participants = 187,

number of days = 1,106)

  Secondary school students

(number of participants = 32, number of days = 
176)

University students

(number of participants = 155, number of days 
= 930)

  Number of steps Moderate-to-vigorous
physical activity (min)

Number of steps Moderate-to-vigorous
physical activity (min)

Daytime        

Social
network

10.49 (-11.04,
32.02)

0.12 (-0.27, 0.51) 13.52* (0.94,
26.11)

0.27* (0.06, 0.48)

Instant
messaging

25.89* (5.96,
45.82)

0.37* (0.01, 0.72) 6.46* (1.03,
11.90)

0.09 (-0.01, 0.18)

Tools 32.50 (-4.02,
69.01)

0.72* (0.08, 1.36) 1.27 (-6.94,
14.16)

-0.02 (-0.21, 0.16)

Web
browsing

77.94 (-32.26,
188.13)

0.94 (-0.98, 2.88) 22.77 (-19.82,
65.37)

0.29 (-0.46, 1.03)

Games
and
comics

5.35 (-4.76, 15.45) -0.001 (-0.18, 0.18) 0.77 (-7.55, 9.08) 0.02 (-0.12, 0.16)

Multimedia 25.69* (0.11,
51.26)

0.50* (0.05, 0.94) 7.27 (-10.87,
25.41)

0.14 (-0.16, 0.43)

Health N/A N/A -9.45 (-198.77,
179.87)

-0.04 (-3.15, 3.06)

Camera -100.56 (-500.55,
299.42)

-1.96 (-8.93, 5.01) 17.52 (-200.06,
235.10)

0.17 (-3.34, 3.68)

Total 7.15* (1.02, 13.28) 0.09 (-0.02, 0.20) 3.52* (0.37,
6.66)

0.05 (-0.001, 0.11)

Bedtime        

Social
network

-88.62 (-400.75,
223.50)

-1.28 (-6.74, 4.17) -52.87 (-130.75,
25.01)

-0.48 (-1.75, 0.80)

Instant
messaging

-66.99 (-233.06,
99.08)

-1.24 (-4.17, 1.68) -25.11 (-82.23,
32.01)

0.34 (-0.59, 1.27)

Tools 190.96 (-108.27,
490.19)

4.12 (-1.06, 9.31) -57.54 (-152.49,
37.40)

-0.93 (-2.46, 0.60)

Web
browsing

148.88 (-469.21,
766.97)

4.40 (-6.36, 15.15) -29.05 (-217.86,
159.76)

0.07 (-3.01, 3.15)

Games
and
comics

-58.44 (-193.35,
76.46)

-0.26 (-2.60, 2.15) -48.06 (-134.14,
38.01)

-1.11 (-2.52, 0.31)

Multimedia -3.92 (-336.54,
328.71)

2.03 (-3.74, 7.81) 10.16 (-76.11,
96.43)

0.17 (-1.22, 1.56)

Health N/A N/A -665.89
(-1683.57,
351.78)

-11.01 (-27.43, 5.40)
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  Secondary school students

(number of participants = 32, number of days = 
176)

University students

(number of participants = 155, number of days 
= 930)

Camera 5238.15
(-19576.76,
30053.05)

65.51 (-368.41, 499.43) -3562.48
(-8812.56,
1687.60)

-44.60 (-129.43, 40.23)

Total -13.78 (-94.63,
67.07)

0.10 (-1.32, 1.52) -26.24 (-59.56,
7.08)

-0.13 (-0.68, 0.41)

During
sleep

       

Social
network

39.49 (-111.49,
190.47)

-0.01 (-2.66, 2.65) 2.97 (-20.79,
26.72)

0.01 (-0.38, 0.39)

Instant
messaging

29.84 (-12.52,
72.21)

0.65 (-0.10, 1.40) 6.27 (-2.45,
14.99)

0.02 (-0.13, 0.16)

Tools -20.04 (-50.82,
10.75)

-0.38 (-0.92, 0.15) 7.16 (-6.54,
20.86)

0.06 (-0.16, 0.28)

Web
browsing

1153.07* (57.92,
2248.22)

1.04 (-1.94, 4.03) -82.60 (-173.48,
8.29)

-1.24 (-2.72, 0.24)

Games
and
comics

31.90 (-19.90,
83.70)

0.65 (-0.25, 1.55) -12.29 (-35.11,
10.53)

-0.15 (-0.51, 0.22)

Multimedia 21.64 (-28.92,
72.20)

-0.12 (-1.00, 0.76) -41.90 (-112.46,
28.67)

-0.64 (-1.78, 0.50)

Health N/A N/A 9.40 (-1048.04,
1066.83)

-1.95 (-19.01, 15.12)

Camera -3407.19
(-23839.59,
17025.20)

-83.94 (-439.96, 272.08) -1432.84
(-6071.19,
3205.02)

-18.54 (-94.34, 57.27)

Total 6.87 (-6.90, 20.63) 0.09 (-0.15, 0.33) 3.42 (-2.58, 9.42) -0.003 (-0.10, 0.09)

Table 5
Multilevel regression results of sleep quality on physical activity level (number of participants = 352, number of days = 

1,517)

  Secondary school students

(number of participants = 123, number of
days = 459)

University students

(number of participants = 229, number of
days = 1,058)

  Number of
steps

Moderate-to-vigorous
physical activity (min)

Number of
steps

Moderate-to-vigorous
physical activity (min)

Total sleeping
time (hr)

-706.06***
(-932.24,
-479.89)

-10.83*** (-15.12, -6.54) -569.76***
(-700.71,
-438.80)

-7.95*** (-10.16, -5.74)

Sleep e�ciency
(%)

-112.44* (12.55,
212.33)

2.29* (0.34, 4.25) -1.82 (-62.24,
58.61)

-0.40 (-1.41, 0.61)

Wake after
sleep onset
(min)

-42.74***
(-65.12, -20.37)

-0.76* (-1.19, -0.33) -15.28* (-29.15,
-1.42)

-0.13 (-0.36, 0.10)
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Discussion
We conducted a study to examine the association between objectively-measured smartphone usage, sleep quality, and
physical activity level among Hong Kong Chinese adolescents and young adults. There were several advantages to
using the objective measurement of smartphone usage. First, we could identify different purposes for which
smartphone was being used, and showed the effect of smartphone use on different aspects of life. For instance, we
found that only the use of social network apps and games and comics apps was associated with total sleeping time.
Second, together with sleeping parameters objectively measured with accelerometer, we could de�ne sleeping time
and bedtime smartphone usage objectively, and exclude the possibility of reverse causation, whereby people with
sleep problems would use their smartphone during bedtime as a way of spending their energy [24]. Third, while the
validity of self-reported smartphone usage was questionable, the source of measurement error could be eliminated
through objective measurement of smartphone usage.

In studies on the association between smartphone usage and sleep quality, most used a self-reported questionnaire to
measure sleep quality and only three studies measured sleep quality with a wrist-worn accelerometer [25–27].
Surprisingly, all three studies found no association. On the one hand, the �nding of a null association might be a true
�nding; on the other hand, it is possible that these studies committed a type II error because the sample sizes ranged
from 55 to 110 only. With a repeated measure of 814 nights in a study involving 187 subjects, ours has the largest in
sample size and showed that both daytime and bedtime smartphone usage were associated with total sleeping time
but not with sleep e�ciency and WASO.

Several researchers attempted to differentiate between the physiological effects of daytime and bedtime smartphone
usage. Compared to other devices with electronic screens such as televisions and video game consoles, the
smartphone is more commonly used in bed as they are portable and are usually placed very close to the user [28, 29].
To the best of our knowledge, all existing studies have relied on self-reported data to determine bedtime smartphone
usage. As the validity of self-reports of bedtime smartphone usage requires the accurate recalling of both bedtime and
smartphone usage, we questioned the validity of self-report and used objective measure of sleep onset and
smartphone usage to determine bedtime smartphone usage. The invalidity of self-reported bedtime smartphone usage
is shown by the disagreement of our results with other existing self-reported results; for example a Taiwanese study
using self-reported data showed that bedtime smartphone usage was very common (95%) among junior college
students [30], but the current study recorded such usage in less than half of the nights (42.4%). Our results also
highlighted the importance of distinguishing between daytime and bedtime smartphone usage, as total sleeping time
was negatively related to daytime usage but not related to bedtime usage. We found no association between
smartphone usage, both daytime and bedtime, and sleeping e�ciency, and these results did not agree with some
previous �ndings [31–34]. We believe that the effects of smartphone usage and sleep outcomes are still controversial
(some other studies found a null association [35]) and warrant further investigations, especially through employing
well-designed controlled trials. We suspect that, in previous studies, participants might mixed up bedtime smartphone
usage and usage during sleep, as we found that smartphone usage during sleep did improve sleep e�ciency. To the
best of our knowledge, very few randomized controlled trials have been conducted in this direction, and some found a
null association between smartphone usage and sleep outcomes due to small sample size [36].

Besides the time of use, the purpose for which a smartphone is used may also have an impact on sleep outcomes.
This study found that only using a smartphone for social network apps and games and comics apps (with marginally-
signi�cant p-value of 0.053 among secondary school students), but not for other types of apps, was associated with
total sleeping time. It was hypothesized that interactive smartphone use should have stronger effects on sleep than
the passive viewing of a smartphone screen [37]. Our results only partially agreed with this hypothesis. Social network
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app usage can be regarded as passive viewing as its use does not involve frequent touching of the phone. However,
the contents of social network are updated extremely quickly and new updates can be expected to occur every minute.
Therefore, users may be anxious about missing out on new content, and such anxiety may cause users to stay awake
during the night [38]. Yet, some studies found that social network use was, in fact, positively related to sleep quality
[39], partially because social network sites can help users to connect, make new friends, and share their stress [39]. In
addition to social network apps, instant messaging apps were also commonly used among our subjects, and we
found no association between its use and all sleep outcomes. It was hypothesized that it is di�cult to top oneself
from messaging, which thereby delays sleep onset, and this was supported by studies showed that texting was
negatively associated with sleep quality [40] and its effect was the strongest on sleep duration among other electronic
screen usages [41]. However, we questioned the validity of these results as they relied on self-reported time spent on
instant messaging and such data, being recalled data, is inherently unreliable. Our data showed that instant
messaging apps were used frequently, at an average of 363.7 times per day and that each session only lasted for an
average of 1.7 minutes. We believe that the frequent and short usage nature of instant messaging apps made the
recalling of time spent on them challenging.

It was generally expected that the use of a smartphone would lead to a sedentary and inactive lifestyle due to its
sedentary nature [7, 42]. Surprisingly, our data showed that social network, instant messaging, tools, and multimedia
app usage at daytime were all positively associated with physical activity level. We believe that there was a bi-
directional causation. Those who were more physically active might have spent more time on social network and
instant messaging apps to share their photos and information. Similarly, some of the multimedia app usage might
have been occurred concurrently with physical activity (e.g., playing a video during jogging on a treadmill). On the
other hand, our data found no association between games and health app usage and physical activity level. Recently,
some augmented reality games developed for smartphone have encouraged walking in the real world (e.g., Pokémon
GO), and there is evidence to show that their use is promoting engagement in physical activity [43, 44]. In the current
study, too few subjects played Pokémon GO (11 out of 187, 5.9%); therefore, the health-promoting effect of this kind of
augmented reality game might have been diluted by the sedentary effect of other kinds of games. Similarly, users of
health-related apps, for instance pedometer apps, were found to be physically more active than non-users [45, 46]. In
the current study, too few subjects used health-related apps (31 out of 187, 16.6%); less than the previously reported
percentage (34.1%) in a US sample [46]. Most importantly, no secondary school students in our sample used any kind
of health-related apps during the measurement period, therefore, we were unable to detect the associations between
the usage of health-related apps, sleep quality, and physical activity level.

The major limitation of this study lied in the area of sampling and data collection. Only Android users were recruited in
this study and cautions should be taken when our results are generalized to users of other smartphones. This also
explains the small number of adolescent participants in our sample; most of the students in our recruited secondary
schools were using an iPhone that is not supported by our tracking app. In our sample, about 10% of the participants
owned more than one smartphone. Since the smartphone usage tracking app was only installed in one smartphone of
the subjects, we might have underestimated the total smartphone usage. Another limitation was that our smartphone
tracking app could not record the usage of some Android default system apps, for example Google Chrome, the
default web browser of Android system, in some versions of Android operating system. A minor limitation was that
different recruitment approach was used in secondary school and universities that might affect the generalizability of
our results.

Conclusions
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Time spent on social network apps and games and comics apps was associated with total sleeping time, and time
spent on social network apps, instant messaging apps, and multimedia apps were associated with the number of
steps and MVPA among Hong Kong Chinese adolescents and young adults.
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