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Introduction

It was not so long ago that smartphones were first introduced to 
the general public. In the late 90s’, the leading communication 
technology companies started advertising for a mobile phone 
with internet access and multiple functionalities that is so called 
now “smartphone”.[1] In 2007, companies started competing to 
develop new software systems and the market has been growing 
tremendously ever since.[2] With its limitless functionalities 
and the computing capabilities, smartphones have gained 
popularity among people all around the world. According to 
the Connected Consumer Survey of  2015, the percentage of  

people who use smartphone in Saudi has jumped from 60% 
in 2012 to 86% in 2015, where 92% of  Saudis under the age 
of  25 use a smartphone; compared to the smartphone usage 
in the United States of  America (71%), South Korea (83%) 
and Japan (54%).[3]

It has been shown in the literature that using smartphones have 
some potential health effects. A Saudi controlled clinical trial by 
Alsanosi et al. concluded that making a call for 60 minutes with 
a mobile phone had an immediate effect on hearing threshold 
levels examined by pure‑tone audiogram in young adults.[4] 
Participants also reported headache, vertigo, tinnitus, fullness, 
and deafness. In another Saudi study by Alosaimi et al., 43% 
of  Saudi university students who are using smartphones for 
long hours had decreased sleeping hours with low energy the 
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next day.[5] A study by Al‑Khlaiwi and Meo showed that there’s 
an association between mobile phone usage and symptoms 
like headache, dizziness and sleep disturbance.[6] Yogesh et al. 
have reported that a mobile phone use of  more than 2 hours 
is related to poor sleep and decreased sleep time in medical 
students in India.[7] Depression was one of  the findings in a 
study by Thomée et al. among young adults whose mobile phone 
usage was high.[8]

A large number of  studies examined the health effects of  sleep 
disturbance. There is evidence of  an association between sleep 
deprivation and endothelial dysfunction, which is an established 
risk of  cardiovascular diseases.[9] Sleep deprivation was also 
linked to increased risk of  multiple metabolic disturbances 
like obesity, diabetes, and insulin insensitivity.[10] There is a 
growing evidence that sleep loss and persistent insomnia are 
associated with increased blood pressure and increased risk 
of  hypertension.[11] Another effect of  sleep disturbance was 
found in regards of  memory consolidation and encoding 
which in turn play a major role in learning process.[12] A study 
by Oyetakin‑White et al. indicates that poor sleep quality is 
associated with diminished skin barrier function and accelerated 
intrinsic skin aging.[13] Okun et al. linked poor sleep quality, both 
in early and late pregnancy with an increased risk of  delivering 
preterm baby.[14]

Few researchers have explored the associations between bedtime 
usage of  smartphone and sleep quality in adults both in Saudi 
Arabia and internationally. Al‑Khlaiwi and Meo showed that 
there was an association between mobile phone usage and 
symptoms like headache, dizziness, and sleep disturbance but 
did not study the bedtime usage.[6] No Saudi nor regional studies 
have explored this issue. Few studies have examined the bedtime 
usage of  smartphones mostly in adolescent age group. One 
Belgium study on Flanders adults found that those who were 
frequently using their mobile phones at bedtime had significant 
poor sleep quality with insomnia symptoms, fatigue and later 
rise times.[15] A nationwide Japanese study on 95,680 adolescents 
by Munezawa et al. showed that mobile phone use for calling 
and for texting after lights out was associated with short sleep 
duration, poor sleep quality, excessive daytime sleepiness, and 
insomnia symptoms.[16] White et al. indicated that problem mobile 
phone use using “Mobile Phone Problem Use Scale” is related 
to poor sleep quality, but not sleep length in American college 
students.[17] Young Swedish adults surfing the internet, texting and 
calling through smartphones had an increased risk of  developing 
sleep disturbance.[18] However, a Chinese study on 791 secondary 
school adolescents showed a weak correlation between mobile 
phone viewing duration with sleep quality, duration, and daytime 
sleepiness.[19]

Minimal research has been conducted on the effect of  bedtime 
usage of  smartphones on sleep quality in adults. The international 
studies were focused more on adolescent age group, and there 
were no studies carried out locally nor regionally in this regard. 
Therefore, and due to the high usage of  smartphone among 

Saudis and its health effects previously discussed especially 
on sleep, we were interested in examining this issue in Saudi 
adults. Moreover, if  it was proven that it affects sleep quality, 
we would spread awareness about this habit, as it was found 
that instruction in good sleep hygiene can help workers achieve 
good quality sleep.[20]

We performed a study designed to test the hypothesis that there 
is an association between smartphones usage at bedtime and 
sleep quality.

Our objectives are to determine the effect and prevalence of  
smartphone usage at bedtime on sleep quality among Saudi 
non‑medical staff  working at King Saud University Medical City 
in Riyadh, Saudi Arabia.

Methods

Study design
A cross‑sectional study design was used in our research. 369 
non‑medical Saudi employees  aged 21 years and above at King 
Saud University Medical City (KSUMC) in Riyadh Saudi Arabia 
were handled a self‑administrative questionnaire. Any medical, 
non‑Saudi employee who had a sleeping disorder or didn’t use 
a smartphone was excluded from the study. Medical staff  were 
excluded to get the time‑changing patterns of  duties out of  
the way. The participation was voluntary. The sample size was 
calculated using an online sample size calculator.[21]

We have distributed the questionnaire to 435 participants. 66 were 
excluded, out of  which 1 was non‑Saudi, 4 did not complete the 
questionnaire, 6 do not use smartphones, 7 were diagnosed with 
sleep disorders and 48 were medical staff. We conducted this 
study over the period from January to July 2016. Questionnaires 
were distributed in a systematic random method. King Saud 
University Medical City has several buildings. Each building was 
divided into floors. Choosing one participant and skipping the 
next in each office. The study was conducted in accordance with 
the institutional review board (IRB) of  KSUMC. Participants 
were reassured that their response to our questionnaire is strictly 
confidential.

Data sources/measurement
Self‑administered Arabic questionnaire consisting of  4 sections 
was distributed. The first section is an introduction about the 
study purpose and reassurance of  confidentiality. The second 
section is demographic data. The third part is about smartphone 
usage. The fourth and last section is an Arabic version of  
Pittsburgh sleep quality index (PSQI).

Bedtime smartphone usage
Participants were asked 7 questions. First, whether they use 
smartphones or not, and if  yes, do they use it at bedtime. 
The smartphone is “a cell phone that includes additional 
software functions (as e‑mail or an Internet browser)”[22], 
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and bedtime is defined as “the time at which you usually get 
into your bed in order to sleep”.[23] How many times they 
used their smartphone at bedtime: 1‑3 times per month, 
once a week, several times per week or every day. The fourth 
question is what they use it for calling, surfing the internet, 
text messaging, social networking, video games or watching 
videos like movies, series, shows etc., The fifth question was 
on the time spent using a smartphone at bedtime: 15 minutes 
or less, 16‑30 minutes, 31 to 45 minutes, 46 to 60 minutes or 
more than 60 minutes. The sixth question is the subjective 
daytime dysfunction.

Pittsburgh sleep quality index (PSQI)
The Arabic version of  Pittsburgh Sleep Quality Index (PSQI) 
was used, and permission was taken from the author to use it.[24] 
PSQI is a standardized measure of  sleep quality.[25] It consists of  
18 questions that has 7 rated components: 1) sleep quality, 2) sleep 
latency, 3) habitual sleep efficiency, 4) sleep duration, 5) use 
of  sleeping medication, 6) sleep disturbances, and 7) daytime 
dysfunction. To calculate the score of  the questionnaire, each 
question is assigned a score from 0 to 3. The item scores are 
used in calculating the 7 component scores, which are then 
added to produce a total score which can range from 0 to 21. If  
the total score obtained is 5 or greater, it suggests a poor sleep 
quality. Moreover, if  it was less than 5, then this is considered 
to be good sleep quality.

The questionnaire was validated by two experts, and  a pilot 
study  was carried out before starting the data collection to make 
sure that it is understandable by participants. The questions that 
were ambiguous were altered accordingly.

Statistical methods
IBM SPSS version 21 was used for data analysis.[26] Google Sheets 
and Microsoft Excel for Mac version 15.18 were used to calculate 
the PSQI score, using formulas to combine and calculate the 
components of  PSQI. Data cleaning was done before analyzing. 
Descriptive statistics presented as numbers and percentages. For 
analytical statistics, odds ratio  and its 95%   confident interval 
were used to test the risk of  poor sleep quality among participants 
who used smartphones at bedtime. 

Results

Demographics
More than 1/3rd of  the participants (137 or 37.1%) are above 25 
to 30 years, while 3% were above the age of  50. The majority 
being males 58.0% and the remaining were females.

Prevalence of smartphone usage at bedtime
More than 98% of  participants own smartphones of  which 
92.4% use it at bedtime [Table 1]. 40% of  them are between 
the age of  25 to 30 years, and more than 65% are males. 
About 96% of  females use their smartphone at bedtime, and 
90% of  males do too. Social media was on the top of  the 

usage list (80.5%). [Figure 1]. Table 2 shows that most of  the 
participants used a smartphone at bedtime everyday (72.8%). 
1/3rd of  participants used their smartphones at bedtime for 16 
to 30 minutes [Table 3].

Subjective daytime dysfunction
About 43% of  participants who use their smartphone at bedtime 
think that it does not affect them next day, while 37.4% does 
not know if  it affects them or not. Of  those who think that 
bedtime usage of  smartphone affects them next day, 63% think 
that they get tired the next day, while about 40% reports having 
a headache.

Table 1: Smartphone usage prevalence among KSUMC 
non‑medical employees, Riyadh, 2016 (n=369)

Number Percentage
Smartphone usage

Yes 375 98.4
No 6 1.6

Smartphone usage at bedtime 24.6
Yes 341 92.4
No 28 7.6

Figure 1: Prevalence of smartphone services use at bedtime among 
KSUMC non-medical employees, Riyadh, 2016

Table 2: Smartphone usage at bedtime\month among 
KSUMC non‑medical employees, Riyadh, 2016 (n=369)
Number of  times smartphone 
has been used at bedtime/month

Number Percent

1‑3 times a month 14 3.8
Once a week 24 6.5
Several times each week 62 16.8
Every day 269 72.9

Table 3: Smartphone usage at bedtime\day Among 
KSUMC non‑medical employees, Riyadh, 2016 (n=369)
Time spent using smartphone at bedtime Number Percent
<=15 min 102 27.6
16‑30 min 117 31.7
31‑45 min 68 18.4
46‑60 min 37 9.8
>60 min 46 12.5
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Sleeping habits
On average, participants usually go to bed at 9:32 PM, woke up 
at 6:04 AM and had about 6 hours of  sleep every night. More 
than 24% of  participants reported not getting to sleep within 
30 minutes most of  the days. Meanwhile, almost 90% of  the 
staff  did not use any medications to help them sleep. Half  of  
the participants describe their overall sleep quality as fairly well, 
while 2.4% think that they have a very bad sleep quality.

Bedtime smartphone usage and Sleep quality
Our study showed that 41.7% of  participants have poor sleep 
quality. Table 4 indicates that the risk of  poor sleep quality is 
around two‑fold among those who use a smartphone at bedtime 
for 16 to 30 minutes. For those who spent 31 to 45 minutes using 
their smartphones at bedtime, the risk for poor sleep quality is 
more than three‑fold. While those spent 46 to 60 minutes had 
only 2.6‑fold risk for the poor quality, participants who have 
spent more than 60 minutes had a 7.4‑fold risk of  being poor 
quality sleepers [Figure 2].

Discussion 

Our study revealed several points. We have found that employees 
who use their smartphones more throughout the night tend to be 
at more risk of  being poor sleepers with a more obvious risk when 
using it for more than 60 minutes.  These results are consistence 
with international studies done on adults and adolescents.[15,16,19] 
We also have found that the prevalence of  smartphone usage at 
bedtime is very high with being more prevalent in those who are 
between the age of  25‑30 years. The percentage of  staff  owning 
smartphones in our study was more than 98 compared to 86% 
which was found in the 2015 Connected Consumer Survey done 
on Saudis.[3] 92% of  our respondents used their smartphones at 
bedtime while almost 60% of  Belgian participants recruited in 
Exelmans et al. study.[15]

However, the mechanism of  the effect of  smartphone usage at 
bedtime on sleep quality is not clear. Some theories could explain 
poor sleep quality due to bedtime usage of  the smartphone. It 
has been found in some studies that the use of  smartphone 
affects sleeps through several mechanisms. One of  them is sleep 
displacement; with the convenience of  using a smartphone in 
bed, the time may fly without noticing and therefore displace the 
time of  sleeping. According to Lemola et al., adolescents who 
owned smartphones were more likely to go to bed later, with 
the sleep duration not being affected.[27] Another mechanism was 
experimented by Wood et al. and concluded that electromagnetic 
radiation emitted by mobile phones 30 minutes before sleeping 
was found to delay the onset of  melatonin production which in 
turn might affect sleep.[28] A light‑emitting diode (LED) emitted 
by smartphone screens was clinically experimented by Cajochen 
et al. and also reported to suppresses melatonin secretion which 
reduces sleepiness.[29] A third proposed mechanism is emotional 
arousal. Smartphones serve as a way of  communication between 
people and thus makes it a way of  conducting bad or good 

news or even communicating a conflict between people which 
might increase emotional arousal and night, therefore, affects 
sleep. However, it has not yet been experimentally tested.[16] 
Incoming notifications, when the smartphone is not turned into 
silent mode, may wake up the individual and disrupt his/her sleep.

Research suggests that using a smartphone at bedtime leads 
to sleep disturbance which in turn affects the productivity of  
employees next day.[30] Which is why our study is important 
in raising awareness of  this issue to improve the health and 
productivity of  staff  working at KSUMC in  specific and 
employees elsewhere as part of  the job of  any health care 
provider.

Although we have found a clear association between smartphone 
usage at bedtime and poor sleep quality, we do not know whether 
poor sleep quality leads to the use of  a smartphone or vice 
versa. Thus, further research needed to unravel the causality in 
smartphones that lead to poor sleep quality.

Limitations
Our study has limitations. Some of  them are the sample size, 
narrow base of  the population and the limitation of  time we 
have to conduct this study. Another factor is the study design, 
which is cross‑sectional. This will not show a cause‑effect of  
smartphone usage at bedtime on sleep quality, but might highlight 
the problem to stimulate other investigators to dig more into 

Table 4: Odds ratio for sleep quality and time spent using 
smartphone at bedtime among KSUMC non‑medical 

employees, Riyadh, 2016 (n=369)
Time spent using 
smartphone at 
bedtime

Sleep quality OR 95%CI P
Good Poor

<15 min 78 24 1 0.5236‑1.9098 ‑
15‑30 min 70 47 2.1821 1.2118‑3.9293 0.0093
31‑45 min 33 35 3.4470 1.7817‑6.6686 0.0002
46‑60 min 20 16 2.6 1.1672‑5.7918 0.0194
>60 min 14 32 7.486 3.4154‑16.1571 <0.0001

Figure 2: Odds ratio for sleep quality and time spent using smartphone 
at bedtime among KSUMC non-medical employees, Riyadh, 2016
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it. Moreover, the type of  questionnaire was self‑administered 
which might bring up some issues like missing items responses 
and recall bias compared to a face‑to‑face interview.

Conclusion

Our findings suggest that employees who use their smartphones 
more at bedtime have more risk of  being poor sleepers. This 
study does not state the causality since it is a cross‑sectional 
study. Thus, further studies are needed with larger sample size, 
broader population, and a study design that would reveal the 
causality.
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