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Abstract

Background: Although previous studies have examined the rel ationship between smartphone usage and sleep disorders, research
on demographic differences in smartphone usage and nocturnal smartphone inactivity patterns remains limited. This study
introduces “nocturnal smartphone inactivity duration” as a proxy indicator to address the limitation of lacking direct sleep data
and to further investigate the association between smartphone usage patterns and sleep characteristics.

Objective: This study aimed to investigate demographic differences and relationships between daily smartphone usage and
nocturnal smartphone inactivity patterns.

Methods: We conducted a retrospective analysis of data collected from the Murmuras app from January 1, 2022, to December
31, 2022. A total of 1074 participantswereincluded, categorized by gender, age, highest degree, employment status, and smartphone
usage purpose. All participants consented to participate in the study through the app. To explore the relationship between
smartphone usage and nocturnal smartphone inactivity, we first calculated each participant’s daily smartphone usage duration
(including app usage) and duration of nocturnal smartphone inactivity; then, we assessed the normality and homogeneity of
variance tests within each demographic category. Based on the results, the Kruskal-Wallistestswere applied to potentially identify
differences between groups. Finally, correlation and regression analyses were conducted to explore associ ati ons between smartphone
usage and nocturnal smartphone inactivity.

Results. The findings revealed distinct patterns of smartphone use across demographics. Participants predominantly used
smartphonesfor social contact (average daily usage duration=1.52 h) and recreationa activities (average daily usage duration=1.08
h) through apps like Facebook and YouTube. Frequent users, especially of social media and entertainment, often increased their
phone usage at night. Female participants used their phones more frequently, mainly for digital shopping and social interactions,
whereas male participants used phones more at nighttime (P<.001). Both younger users and non—full-time employees engaged
more in activities such as gaming and chatting (P<.01 for those comparisons). Higher education was correlated with lower use
(P<.001). Those using smartphones for work-related purposes generally decreased their phone usage after work (P<.05 for those
comparisons). Correlation and regression anal yses of smartphone usage duration and nighttime inactivity across groupsindicated
that only a small subset of groups exhibited significant positive correlations, a moderate number displayed significant negative
correlations, and the magjority showed no significant correlation.

Conclusions: This study underscores the significant association between demographic factors and smartphone usage patterns,
including nocturnal inactivity patterns. Female individuals, young people, individuals with lower educational qualifications, and
those who were unemployed demonstrated higher smartphone usage. Frequent engagement with social media and leisure apps
was particularly pronounced during nighttime hours, abehavior that may contribute to disruptionsin sleep patterns. Thesefindings
underscore the need for targeted interventions addressing excessive smartphone use, particularly at night, to mitigate its potential
adverse effects on sleep.

https://www.jmir.org/2025/1/e60423 JMed Internet Res 2025 | vol. 27 | e60423 | p. 1
(page number not for citation purposes)


mailto:ting.wang@charite.de
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

(J Med Internet Res 2025;27:€60423) doi: 10.2196/60423

Wang et al

KEYWORDS

smartphone usage patterns; nocturnal smartphone inactivity; demographics; sleep health; smartwatch

Introduction

According to Statista, by 2024, the global number of smartphone
users is set to reach an astounding 6.93 billion, equating to
85.74% of the world’s population. This figure is expected to
soar beyond 7.7 hbillion by 2028 [1]. Smartphones provide
seamless internet access and the ability to run a diverse range
of apps, thereby catering to a variety of needs such as
communication, internet browsing, gaming, organizing
schedules, video streaming, and socia networking [2,3].
Moreover, smartphones have emerged as an efficient platform
for delivering cost-effective, scalable, and high-quality health
interventionsto diverse populations[4]. Examplesinclude SMS
reminders for childhood vaccinations in Ethiopia [5] and tools
for screening and managing sleep disorders[6].

However, smartphone technology also brings with it a plethora
of physical and psychological chalenges. Physical ailments
includeissues such as head and neck discomfort [7]; tendonitis
[8,9]; and eye-related issueslike eye strain, blurred vision, and
acute acquired esotropia [10]. Psychologically, excessive
smartphone use has been linked to concerns such as anxiety,
depression [11], “smartphone addiction” [12], “smartphone
phobia” (fear of being unable to use a smartphone) [13], and
various sleep disturbances [14]. Prolonged smartphone use,
particularly at night, has been shown to disrupt sleep patterns,
delay sleep onset, shorten total sleep duration, and impair sleep
quality [15-17]. Multiple studies have identified a significant
relationship between nighttime smartphone use and sSleep
disruption [18,19]. Notably, research by Wood et a [19]
highlighted that smartphone use before bedtime can interfere
with the rhythm of melatonin secretion and ater seep
electroencephalogram  patterns.  Additionally, presleep
smartphone use may provoke cognitive arousal or emotional
instability, further exacerbating insomnia[20,21].

Adequate sleep is fundamental to maintaining overall health
and well-being. Adolescentsrequire 8-10 hours and adults need
7-8 hours nightly [22,23]. Insufficient sleep has been linked to
adverse outcomes such as daytime seepiness, cognitive
impairment, reduced work efficiency, and an elevated risk of
cardiovascular diseases [24,25]. Given the ubiquity of
smartphones and their prevalent nighttime use, understanding
the intricate relationship between smartphone use and sleep is
critical.

Various advanced technol ogies have been devel oped to monitor
and analyze sleep behavior, such asFitbit, Withings, and Apple
Watch. These devices use embedded accelerometers,
temperature sensors, and heart rate monitorsto provide accurate
sleep tracking data[26]. Although such tools enable health care
professionals to gain insights into sleep behaviors, their high
cost and dependence on additional hardware limit their
accessibility for broader populations. In contrast, smartphones
offer a more practical and cost-effective alternative for
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investigating sleep patterns due to their widespread availability
and daily integration into users’ lives. A Pew Research Center
survey found that 65% of smartphone users (and an impressive
90% of teenagers) keep their phones on or near their bedswhile
deeping, with many using smartphones as alarm clocks [27].
This deep integration into daily routines underscores the
potential of smartphones as a powerful tool for understanding
deep behavior.

Behavioral research supports the concept of “nocturnal
smartphone inactivity” as a reliable proxy for assessing sleep
behavior. Most individual s cease using their smartphones once
they fall asleep, making the duration of nocturnal smartphone
inactivity an effectiveindirect measure of sleep patterns. Several
studies validate this approach. Ciman and Wac [26] found that
smartphone screen on and off patterns could estimate sleep
duration, sleep onset, wake times, and even sleep deprivation
patterns, with only a 7% margin of error compared to
smartwatch data. In 2019, astudy conducted in the Netherlands

reported astrong correlation (R=0.9) between smartphonetouch
data and traditional sleep measurement methods, enabling
accurate predictions of sleep onset and wake times[28]. Cuttone
et a [29] showed that changes in smartphone interaction
frequency couldinfer individual sleep patterns, highlighting the
close association between smartphone activity and sleep
behaviors.

Thesefindings collectively underscore the validity of nighttime
smartphone usage patterns as a reliable indicator of sleep
duration and behavior. Although existing research has primarily
focused on the rel ationship between postights-out smartphone
usage and sleep disorders, the underlying factors associated
with nighttime smartphone usage remain insufficiently explored.
To addressthisresearch gap, this study retrospectively analyzed
smartphone usage data from 1074 individuals across diverse
demographic groups, collected through the Murmuras app. This
study was conducted in three phases: (1) collecting demographic
characteristics and smartphone usage data, (2) comparing
smartphone usage patterns among different demographic groups,
and (3) exploring correlation between daily smartphone use and
nocturnal inactivity.

To operationalize dleep behavior, this study referenced
international sleep health standards. According to them, adults
who sleep less than 6 hours per night are generally classified
as experiencing “short sleep,” a condition strongly associated
with various health risks, including cardiovascul ar diseases and
cognitive impairments [30]. In this study, the duration of
nocturnal smartphone inactivity was considered an indirect
proxy variable for reflecting participants sleep behaviors.
Specifically, the presence of continuous nocturnal smartphone
inactivity of 6 hours or more was adopted as a criterion for
adequate sleep duration, while nocturnal smartphone inactivity
of lessthan 6 hourswas classified as potential sleep deprivation.
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This study aims to (1) examine the differences in smartphone
usage patterns across demographic groups and (2) evaluate the
relationship between daily smartphone use and nocturnal
smartphone inactivity, providing indirect evidence for
understanding the broader connection between smartphone
behaviors and sleep patterns. The study introduces “nocturnal
smartphone inactivity duration” as an innovative proxy for
assessing sleep behavior. Thisapproach alignswith established
theoretical and empirical frameworks, offering both scientific
rigor and practical applicability. Even in the absence of direct
deep data, this proxy effectively captures the relationship
between smartphone usage patterns and sleep, laying a robust
foundation for interdisciplinary research at the intersection of
behavior and health.

Methods

Study Design

This study follows the STROBE (Strengthening the Reporting
of Observational Studies in Epidemiology) guidelines for
reporting observational research. It aims to investigate user
behavioral patterns and their potential associations with sleep
behaviors by analyzing the relationship between smartphone
usage patterns and nocturnal smartphone inactivity.

The analysiswas conducted in 3 phases. First, the demographic
characteristics and smartphone usage of all 1074 participants
were analyzed. Second, participants were stratified into groups
based on gender, age, highest education level, employment
status, and primary type of smartphone usage. Statistical tests
were used to identify differences in smartphone usage patterns
across these demographic groups. Finally, correlation and
regression analyses were conducted to explore the association
between smartphone usage and nocturnal smartphoneinactivity.

Study Equipment
We carried out aretrospective, siteless study using data provided
by the Murmuras app, in continuation of the Menthal project
[31]. All data were securely stored on the Murmuras platform,
with publishing rights retained by all authors, irrespective of
the study outcomes.

The Murmuras app is specifically designed to capture detailed
smartphone usage data, supported by a robust back-end web
platform, enabling extensive and in-depth analysis. Beyond
monitoring smartphone app usage, the Murmuras app tracks a
widerange of device-level interactions, including screen on and
off events, device unlocking, frequency of startup and shutdown,
SMS activity (sent and received), and incoming and outgoing
calls. In addition to behavioral data, the Murmuras app gathers
user feedback on personality traits, demographic characteristics,
and emotional states via structured questionnaires.

Study Population

Participants were recruited through the Murmuras app between
January 1, 2022, and December 31, 2022. Users who installed
the app from the Google Play Store and consented to data
sharing were included. The study used passively collected
smartphone usage data, which were analyzed retrospectively.

https://www.jmir.org/2025/1/e60423
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Ethical Consider ations

Thisstudy was conducted in accordance with ethical guidelines,
ensuring the protection of participant privacy and data
confidentiality. The origina data collection was approved by
the Ethics Committee of the University of Bonn (approval
#13-05-31). All participants provided informed digital consent
via the mobile app prior to the initial data acquisition. The
dataset includes smartphone usage behavior data only and does
not contain any personally identifiable information.

Asthis study involved asecondary analysis of fully anonymized
data, no additional institutional review board approval was
required. This complies with the General Data Protection
Regulation and the ethical standards outlined by the Arbeitskreis
Medizinischer Ethik-Kommissionen [32]. Permission to access
and usethe dataset for secondary research purposes was obtained
from the University of Bonn and the original data custodians.
Participants did not receive any form of compensation for their
involvement in the original study.

Data Collection

Datacollection wasfacilitated through the Murmuras app, which
confirmed eligibility, secured participant consent, and gathered
phone usage data. Upon consent, participants downloaded the
app and used a unique, anonymous ID code provided via the
link for initial access.

The study encompassed a standard demographic survey (age,
gender, education, occupation, etc) and recorded data on app
usage (such as app name, usage duration, and the sequence of
usage) and device interaction data (such as screen on and off
events and device power cycles). All collected data were
systematically formatted and organized into CSV files.

Data for this study were collected retrospectively using the
Murmuras app, which is primarily marketed and widely used
in Germany. Asaresult, the majority of participants were from
Germany.

Key Indicators
The key indicators were as follows:

« Average daily smartphone usage duration and frequency:
This metric captures the daily duration and frequency of
smartphone usage for each participant, including the use
of various apps.

«  App usage patterns by category: Using Murmuras app data,
we have categorized all recorded apps into 6 functional
groups, based on prior research and app store classifications
[33]:
«  Type A—network app: these apps serve the purpose
of acquiring information through network searchesand
related functions, such as Google, Firefox, and
Duolingo.

+ Type B—leisure and entertainment: this category
encompasses apps that revolve around entertainment
activities, such as gaming, video watching, and reading.

« Type C—functional: apps faling under this
classification are utility-based and offer practical
functions like clocks, calculators, and more.
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»  Type D—emotional: these apps are primarily used for
social engagement, including activities like chatting
and messaging.

- Type E—monetary: appsin this category are designed
for financial transactions and various money-related
activities.

»  Typeunknown: this category includes appswith unclear
or unspecified primary functions.

« Nocturnal smartphone inactivity duration: The longest
continuous period of nonuse of the smartphone at nighttime,
defined as the time between 19:00 and 06:00 the following

day.
Statistical Analysis

The statistical analysis entailed calculating the daily duration
of smartphone usage, daily duration and frequency of different
smartphone app usage, and duration of nocturnal smartphone
inactivity. Normality and homogeneity of variance tests were
first conducted to evaluate the distribution of smartphone usage
patterns within each demographic group. Based on the test
results, Kruskal-Wallistestswere applied to identify differences
between groups, followed by the Dunn post hoc test for pairwise
comparisons. Statistical significance was determined using P
values, and all indicators were reported as medians with IQRs
(first and third quartiles). Correlation and regression analyses
were conducted to explore relationships between smartphone
usage and nocturnal smartphone inactivity. Results were
presented through correlation coefficients, regression

coefficients, intercepts, P values, and R? values.
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Data categorized as “Other,” “Prefer not to answer,” or
“Unknown” were excluded from the analysisto ensure reliability
and validity. The study included 1074 participants, classified
based on gender, age, employment status, education level, and
purpose of smartphone use—variables answered by the vast
majority of respondents. Other demographic variables, such as
relationship status, living area, and income level, were excluded
due to high non-response rates, with over 45% (n=470) of
participants opting not to answer. This focus on core
demographic factors ensured robust and reliable statistical
results. All statistical analyseswere encoded and analyzed using
RStudio (2023.06.2 Build 561; Posit).

Results

Participant Characteristics and Smartphone Usage
Patterns

This research encompassed 1074 smartphone users, with most
(n=724, 67.4%) of the sample being female. Participants were
from 39 countries, with the mgjority residing in Germany
(91.5%, n=983). The mean age of participants was 27.9 (SD
9.5) years.

Intotal, 59.3% (n=637) of participantsheld ahigh school degree
or equivalent educational background, while 49.8% (n=535)
were students. The data revealed that smartphones were not
only primarily used for social media and |eisure entertainment
but also frequently for managing daily affairs. The average daily
duration of smartphone usage was 3.54 hours. A total of 91.9%
(n=987) of participants did not use their phones for more than
6 hours during nighttime (Tables 1 and 2).
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Table 1. Participants demographics and smartphone usage characteristics.

Group category Participants (N=1074), n (%)
Gender
Female 724 (67.4)
Male 350 (32.6)
Agerange (years)
<18 8(1)
>18t0 <35 895 (83.3)
235 t0 <60 161 (14.9)
>60 10 (1)
Highest degree
Doctorate 11 (1)
Master’s degree 116 (10.8)
Bachelor’s degree 189 (17.6)
Secondary education 96 (9)
High school degree or equivalent 637 (59.3)
No formal qualification 10 (2)
Other 12 (1)
Prefer not to answer 3(0.3)
Smartphone use type
Both equally 139 (12.9)
Mainly private 390 (36.3)
Mainly work 14 (1)
Private only 524 (48.8)
Work only 7))
Has children
No 471 (43.9)
Yes 127 (11.8)
Prefer not to answer 476 (44.3)

Household net income (€)2

10,000-20,000 25(2)
100,000-150,000 3(0.3)
20,000-30,000 12 (1)
90,000-100,000 2(0.2)
Less than 10,000 34(3)
Prefer not to answer 998 (92.9)

Nationality (country)
Germany 983 (91.5)
Other countries 91 (8)

Employment status

In education 535 (49.8)
Unemployed or job seeking 20(2)
Part-time 149 (13.9)
Full-time 267 (24.9)
https://www.jmir.org/2025/1/e60423 JMed Internet Res 2025 | vol. 27 | e60423 | p. 5
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Group category Participants (N=1074), n (%)
Self-employed 41(4)
Homemaker 14 (1)
Retired 17(2)
Other 23(2)
Prefer not to answer 8(1)

Relationship status
Divorced or separated 17 (2)

In arelationship or married 243 (22.6)
Registered partnerships 109 (10.2)
Single 218 (20.3)
Widowed 8(1)

Prefer not to answer 479 (44.6)

Personal net income (€) 2
10,000-20,000 141 (13.1)
100,000-150,000 1(0.2)
20,000-30,000 128 (11.9)
Less than 10,000 177 (16.5)
Prefer not to answer 627 (58.4)

Lived in self-owned property
No 119 (11.1)
Yes 16 (1)
Prefer not to answer 939 (87.4)

% 1=US $1.12.
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Table 2. Overview of smartphone usage and nocturnal inactivity patterns.
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Category and subcategory Vaue
All participants (n=1074)
Daily duration of smartphone usage (h) 3.54
Daily duration of smartphone app usage (h)
Type A 0.67
TypeB 1.08
TypeC 0.29
TypeD 152
TypeE 0.13
Type unknown 0.07
Proportion of daily smartphone app usage (%)
Type A 14.8
TypeB 8.3
TypeC 38.9
TypeD 321
TypeE 12
Type unknown 4.6
Participantswith nocturnal smartphoneinactivity exceeding 6 hours (n= 987)
Daily nocturnal inactivity duration of days with 26 hours of nocturnal inactivity (h) 8.72
Proportion of days with =6 hours of nocturnal inactivity (%) 65.5

Correlations of Smartphone Usage Patterns With
Demographic Characteristics

Gender Differences

Significant gender differences were observed in the usage
durations of types C, D, and E. Femal e participants spent more
time on chat apps (type D) and consumer-related apps (type E;
P<.001 for those comparisons). Notably, female participants
exhibited longer durations of smartphone usage, averaging 3.49
hours per day, compared to male participants (P<.001).

Age Differences

Age was closely associated with the usage durations of types
B, C, and D. These differences were particularly pronounced
in entertainment apps (type B) and social apps (type D; P<.001
for both comparisons). Younger participants (3.01-3.46 h) had
higher smartphone usage duration compared to ol der participants
(1.85 h; P<.001 for those comparisons).

Education Level Differences

Educational qualifications were strongly associated with
smartphone usage patterns, particularly for types A, B, and D.
Participants with a doctoral degree reported the lowest
smartphone usage (2.26 h), followed by those with a master’'s
degree (2.60 h), a secondary education (2.91 h), a bachelor’'s
degree (3.37 h), and a high school degree or equivalent (3.58
h). Those without any formal qualification reported the highest
usage at 4.03 hours (P<.001 for those comparisons).

https://www.jmir.org/2025/1/e60423

Employment Status Differences

Employment status showed notable variations in the usage
duration of types B, D, and E among employment categories,
such asfull-time employees, homemakers, and retirees (P<.001,
P<.001, and P=.003, respectively). Participants in education
reported the high smartphone usage (3.68 h), followed by
individuals who were unemployed and job seeking (4.46 h),
homemakers (4.28 h), full-time workers (3.20 h), part-time
workers (2.85 h), and self-employed individuals (2.46 h). Retired
participants had the lowest median usage (1.48 hours; P<.001
for those comparisons).

Smartphone Usage Type Differences

The primary purpose of smartphone usage was significantly
linked to variations in the usage duration across all app
categories (A, B, C, D, and E; P<.001, P<.001, P<.001, P<.001,
and P=.007, respectively). Participants using their phones
primarily for work activities demonstrated higher engagement
with tools such as email, calendar, and document management
apps. Participants who used smartphones mainly for work had
the shortest usage (0.43 h), followed by those who used them
exclusively for work (0.17 h). Participants who used
smartphones mainly for private purposes (3.52 h), exclusively
for private use (3.35 h), or equally for both work and private
purposes (3.17 h) reported longer usage durations (detailed data
are provided in Multimedia Appendices 1-6).
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Correlationsof Nocturnal Smartphonel nactivity With
Demographic Characteristics

Initially, we analyzed the periods of nocturnal smartphone
inactivity among participants. Participants were categorized
into 2 groups based on results: group 1 comprised participants
with no nightly smartphone inactivity period of 6 hours or
longer, and group 2 comprised participants who recorded at
least one nocturnal smartphone inactivity period of 6 hours or
longer.

Participants With Less Than 6 Hours of Nocturnal
Smartphone I nactivity (Group 1)

Among the 1074 participants, 86 (8%) individuals had a
nocturnal smartphone inactivity duration of less than 6 hours.
The proportion varied across demographic groups.

By gender, 12% (41/350) of male participants had nocturnal
inactivity below 6 hours, compared to 6% (45/724) of female
participants, with a statistically significant difference (P=003).

Age group analysis showed that the proportion was highest
among participants younger than 18 years (1/8, 13%), followed
by those aged 18 to <35 years (75/895, 8%), 35 to <60 years
(10/161, 6%), and 60 years and older (0/10, 0%), with no
statistically significant difference observed (P=.54).

Interms of educational attainment, the proportion of participants
with low nocturnal inactivity ranged from 0% (0/10) among
those with no formal qualification to 9% (1/11) among those
with doctorate or master’sdegrees. Other groupsincluded those
with bachelor’'s degrees (16/96, 8%), high school degree or
equivalent (53/637, 8%), and secondary education (6/96, 6%).
However, these differences were not statistically significant
(P=.97).

Employment status was significantly associated with nocturnal
inactivity duration (P=.03). The highest proportion was observed
among self-employed participants (7/41, 17%), followed by
those in education (50/535, 9%), part-time workers (12/149,
8%), homemakers (1/14, 7%), retired individuals (1/17, 6%),
and full-time employees (11/267, 4%). None of the participants
who were unemployed and job seeking (0/20, 0%) had nocturnal
inactivity below 6 hours.

Regarding smartphone use type, 29% (2/7) of participants who
used their phones exclusively for work had low nocturnal
inactivity, compared to 11% (15/139) among those who used
both equally, 8% (43/524) for private-only users, 7% (26/390)
for mainly private users, and 7% (1/14) for mainly work users.
These differences were not statistically significant (P=.15).
(Multimedia Appendix 7).

Participants With More Than 6 Hours of Nocturnal
Smartphone | nactivity (Group 2)

Among participants with at least one night of smartphone
inactivity exceeding 6 hours, variations in both the median
duration and the proportion of such nightswere observed across
demographic subgroups.

For gender, mal e participants exhibited adightly longer median
nocturna inactivity duration (8.34 h) compared to female
participants (8.28, IQR 7.77-8.85 h), though the difference was

https://www.jmir.org/2025/1/e60423
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not satistically significant (P=.08). However, female
participants had asignificantly higher proportion of nightswith
over 6 hours of inactivity (73.68%) than male participants
(64.81%; P<.001).

Significant differences were also observed by age group
(P<.001). Older adults (=60 years) had the longest median
duration (10.81 h) and the highest proportion (94.58%). In
contrast, participantsyounger than 18 years had ahigh duration
(8.92 h) but the lowest proportion (46.20%). Middle-aged adults
(35-59 years) showed both high duration (8.30 h) and proportion
(80.93%), followed by young adults (18-34 years) with 8.28
hours and 69.82%.

For educational attainment, median durationsranged from 8.18
to 8.58 hourswith no statistically significant difference (P=.24).
However, the proportion of nights over 6 hours differed
significantly (P=.001), with the highest values observed among
those with adoctorate (81.27%) and master’s degree (79.13%),
while individuals with no formal qualification had the lowest
(50.83%).

Across employment status, both duration (P<.001) and
proportion (P=.002) showed significant variation. Retired
participants had the longest inactivity (9.91 h) and highest
proportion (86.02%), while those who were unemployed and
job seeking had shorter durations and the lowest proportion
(33.33%). Full-time and part-time workers reported median
durations of 8.15 and 8.22 hours, and proportions of 74.45%
and 76.30%, respectively. Students and homemakers had similar
values, while self-employed participants showed moderate
durations (8.39 h) and high proportions (72.73%).

Regarding smartphone use type, the longest durations were
found among participants who used their phones mainly for
work (14.42 h) or only for work (13.94 h; P<.001). However,
differencesin the proportion of nightswith >6 hoursof inactivity
were not statistically significant across use types (P=.17),
ranging from 57.14%to 74.71% (Multimedia Appendices 7-9).

Correlation and Regression Analyses of Smartphone
Usage and Nocturnal | nactivity

Associations Between Smartphone App Usage and
Nocturnal Inactivity

Analyses generally showed low and nonsignificant correlations
between app usage and nocturna smartphone inactivity.
However, several exceptions were observed.

Among participantswith doctora degrees, apositive correlation
was identified between the usage of type A (eg, professional or
academic tools) and nocturnal smartphone inactivity (r=.89;
P=.002). In contrast, the secondary education group exhibited
aweak negative correlation across multiple app types (A, B, C,
D, and E; P<.05 for those comparisons), while participants with
no formal education showed a moderately negative correlation
specifically for type D apps (r=—70; P=.02). The unemployed
or job-seeking group demonstrated a moderate positive
correlation noted for type B apps (r=.55; P=.01). In the
homemaker group, a strong negative correlation was observed
for type D app (r=—66; P=.01). Similarly, work-focused
participants, who primarily or exclusively used smartphones
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for professiona purposes, exhibited strong negative correlations
across the usage of app types A, C, and D (P<.05 for those
comparisons, refer to Multimedia Appendices 10-12 for
additional details).

Associations Between Smartphone Usage and Nocturnal
I nactivity

Among smartphone users aged 18-60 years, a weak negative
correlation was observed (P=.009 and P=.04, respectively),
indicating that longer usage duration was modestly associated
with shorter nocturnal smartphone inactivity periods. In the
secondary education group, the correlation was a stronger
negative correlation coefficient (r=—42; P<.001). Employment
status further showed variability in this relationship, with the
full-time employee, homemaker, and retired groups all
demonstrating significant negative correlations. Notably, the
homemaker group exhibited the strongest correlation (r=—.66;
P=.02), closely followed by theretired group (r=—64; P=.007).
Additionally, participantswho primarily used their smartphones
for work-related purposes displayed exceptionally strong
negative correlations (r=—89 to —96; P<.05 for those
comparisons), emphasizing the substantia association of
work-focused smartphone usage (see Multimedia Appendices
10 and 13 for detailed data).

Discussion

Principal Findings

This study demonstrated that smartphone usage patterns were
significantly associated with factors such as gender, educational
attainment, employment status, and usage purpose. Generally,
female participants showed a higher frequency of phone usage
compared to male participants, predominantly for online
shopping and social interaction apps. Male participants were
more likely to engage with their smartphones during nighttime
hours. Younger participants exhibited more extensive use of
smartphones, primarily for playing games, watching videos,
and chatting with friends. Older individual s, meanwhile, showed
lower levels of smartphone engagement. Participantswith higher
levels of education generally spent less time on smartphones
and were more likely to use information acquisition apps, such
as Google and news platforms. Individuals not employed
full-time, including part-time employees or homemakers, often
used their smartphones more intensively, especialy at night,
mainly for activities such as gaming, video streaming, and social
interactions. Additionally, homemakers displayed a preference
for financial apps, such asthose used for stock trading, financial
management, and online shopping. Conversaly, individualswho
primarily used smartphonesfor work-related purposes had lower
usage compared to those who used them for personal purposes.
Their smartphone activities were predominantly focused on
work-related tasks, including communicating with colleagues,
sending emails, and using functionalities like alarm clocks and
notepads. Notably, they also exhibited a significant reduction
in smartphone usage after work hours.

The correlation and regression analysis revealed a negative
correlation of varying strengths between smartphone and app
usage and nocturnal smartphone inactivity. Specificaly,
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participants who frequently used social media apps exhibited
higher smartphone usage at night. In contrast, this pattern was
reversed among participants with a doctoral degree. They
predominantly used their smartphonesfor gathering information
and reducing their nighttime usage. As aresult, the more time
dedicated to acquiring information throughout the day, the
longer the duration they tended to refrain from using their
smartphones at night.

In this study, nocturnal smartphone inactivity was used as an
indirect indicator of sleep behavior. Nocturnal smartphone
inactivity exceeding 6 hours was used as a threshold to assess
whether participants achieved sufficient sleep duration. The
results showed that over 92% (n=988) of participants exhibited
smartphone inactivity for more than 6 hours at nighttime,
demonstrating a high degree of consistency in this behavior.
Additionally, for some participants, smartphone inactivity
consistently occurred between 22:00 and 06:00, aligning closely
with the National Sleep Foundation’s recommendation of 7-9
hours of sleep per night for adults [34].

Numerous studies indicate that women tend to have a higher
reliance on cell phones compared to men, a trend driven by
societal pressures and safety concerns [35,36]. Women
predominantly used their smartphones for socializing, often
dedicating more time to social media and shopping apps,
activities that offered them pleasure and relaxation [37]. In
contrast, men showed a preference for gaming and watching
videos [38]. Research analysis has indicated a clear trend: the
total time spent on smartphone usage and the dependence on it
tend to decrease with age. Individuals younger than 20 years,
especially teenagers, emerge asthe most frequent users[39,40].
These young people predominantly engage with their
smartphonesfor communication, socializing, gaming, watching
videos, and listening to music [41,42]. In contrast, older adults,
facing relatively lower social costs and pressures, show less
frequent and shorter durations of smartphone usage, primarily
focusing on reading news, using the phone as a clock for
reminders, and communicating with peersin atraditional phone
manner [41]. Notably, a significant issue among many young
people is the continuous nighttime use of smartphones, which
leads to sleep disturbances. Furthermore, it has been observed
that the earlier the age at which individuals start using
smartphones, the greater their dependence on these devices
tends to be [43]. Some research indicates that students from
familieswith higher cultural and economic statusestend to have
an increased dependency on smartphones [44]. Thistrend also
correlates with the educational levels of the parents; children
of more educated parents generally exhibit a healthier
relationship with smartphone usage [45]. Individuals with
academic accomplishments often rely on smartphones as a
primary tool for accessing valuable information. Specifically
in India, research shows that an impressive 90% of medical
students consider smartphones to be extremely beneficial for
accessing educational content, listening to lectures, and taking
notes [46].

In our study, we discovered a negative correlation between
smartphone usage and nocturnal smartphone inactivity.
Particularly, participantswho frequently used social mediaapps
were found to engage with their phones more extensively at
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night. Social media facilitates self-exploration and emotional
expression while serving as a pivotal platform for medical
communication, education, and disaster response [47,48]. Given
these capabilities, it is clear that social media has emerged as
the most favored smartphone app. Excessive engagement with
social media has been associated with significant psychological
risks, including heightened anxiety, increased vulnerability to
depression, and diminished overall well-being [49]. Moreover,
engaging with social media during nighttime can significantly
impair sleep quality and duration [50,51]. Numerous research
findingsindicate that |ate-night smartphone use can lead to deep
disturbances, resulting in diminished sleep quality and daytime
fatigue [52]. This adverse effect is possibly due to presleep
smartphone usage, which can reduce the latency of rapid eye
movement sleep, el evate el ectroencephal ogram spectrum powe,
delay the onset of melatonin secretion, and potentially cause
mood fluctuationsin users [19,53].

This study investigates the intricacies of smartphone usage
patterns, emphasizing the profound correlations between
variables such asgender, age, and education level on smartphone
usage. The results underscore a trend: the escalation in
smartphone use perpetuates habitual behaviors, particularly
nocturnal usage, potentially disrupts users sleep patterns.
Nonetheless, amid the digital era, prudent smartphone usage
holds promisein significantly enhancing life satisfaction across
diverse demographics, including older adult populations [54].
Thus, a thorough exploration of mobile phone usage patterns
and the identification of their determinants are crucia for
fostering a balanced and health-conscious engagement with
these technological tools.

Strengths and Limitations

This study has several limitations that may affect the
interpretation and generalizability of its findings.

First, the study lacks direct physiological datarelated to sleep
patterns and instead relies on nocturnal smartphone inactivity
as a proxy for sleep duration. While this proxy provides a
reasonable approximation of an individual's sleep window, it
may be influenced by severa confounding factors, including
nonsleep behaviors (eg, reading and chatting with friends),
interrupted sleep (eg, waking up and briefly using the
smartphone), and sleep behaviors (eg, falling asleep while their
phone continues to play music or videos). These potential
discrepancies between smartphone inactivity and actual sleep
behavior could introduce biasinto the analysis.

Second, the study encountered limitations in participant
demographic data collection. A substantial proportion of
respondentsfailed to provide complete demographic information
during the questionnaire phase, resulting in areduced response
rate and limiting the ability to analyze associations between
specific demographic characteristics and smartphone usage
behaviors. Furthermore, although participantswere categorized
by gender, age, education level, and employment status, the
uneven sample distribution across categories may have led to
statistical imbalances, thereby affecting the robustness and
stability of results in certain subgroups. Additionally, as the
data samplewas primarily drawn from participantsin Germany,
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the generalizability of the findings to other cultural or regional
contexts remains limited.

Third, despitethe study’ s year-long design (365 days), the actual
data recording period varied significantly among participants,
with some contributing data for only a few days. This limited
recording duration reduces the ability to capture long-term
smartphone usage patterns and behaviors, which in turn may
compromise the representativeness of the findings and hinder
the identification of sustained behavioral trends over time.

To enhancetherdliability and generalizability of future research
on the relationship between smartphone use and sleep, several
improvements are recommended. First, incorporating
multidimensional datavalidationiscrucial. Objective datafrom
wearable devices, such as smartwatches or fitness trackers, can
provide precise measurements of key sleep metrics, including
total deep duration, sleep latency, wake-up times, and sleep
quality (eg, proportion of deep sleep). In addition, standardized
subjective sleep reports, such as the Pittsburgh Sleep Quality
Index and Epworth Sleepiness Scale, can capture participants
self-reported sleep quality and patterns, adding val uable context
to the analysis. These combined data sources will improve the
accuracy of the proxy indicator of nocturnal smartphone
inactivity while enhancing the scientific rigor of future studies.
Second, ensuring sample diversity and representativeness is
essential to generalize findings to broader populations. This
includes recruiting participants with diverse demographic
characteristics such as age, gender, education level, and cultural
background. Comprehensive questionnaires should also address
potential correlations in smartphone usage, such as
socioeconomic status, work environment, and psychological
stress, to uncover complex behavioral patterns and mechanisms.
Stratified sampling or targeted recruitment strategies can help
balance subgroup distributions, minimizing statistical bias
caused by uneven sample sizes. Lastly, optimizing data
collection processes will reduce omissions and improve
consistency. This could involve devel oping reminder functions
within smartphone apps or wearable devices to prompt
participants to record sleep data or complete questionnaires
regularly. Furthermore, promoting sleep health awareness during
the study could enhance participants engagement and the
quality of the data collected. Together, these methodological
enhancementswill provide amore comprehensive and accurate
understanding of the complex relationship between smartphone
use and sleep behavior while ensuring the findings are robust,
representative, and actionable.

Practical Advice

Based on the results, we can recommend measures to curb
excessive smartphone and social media usage. Such
interventions include advocating for periodic digital detoxes;
implementing smartphone usage reminders and constraints,
using apps to oversee and control screen time; minimizing
unnecessary hotifications from news feeds, game updates, and
shopping alerts; and devel oping educational programsto deepen
users’ understanding of smartphones and raise awareness about
the potential risksassociated with their use[55,56]. Additionally,
it issuggested that app devel opers consider tailoring smartphone
apps to meet the unique emotional and physiological needs of
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older adults, thereby enhancing their digital satisfaction and relationship between smartphone usage and sleep. Thefindings
online well-being [57,58]. establish a robust basis for developing targeted health
. interventionstail ored to diverse demographic groups. Moreover,
Conclusions this research enhances our comprehension of how various

This study offers valuable insights into smartphone usage  population segments engage with smartphones and the potential
behaviors, enhancing our understanding of the nuanced ramifications of these behaviors on their daily lives.
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