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Abstract

women separately.

(ICT) use to sleep disturbances.

Background: We have previously studied prospective associations between computer use and mental health
symptoms in a selected young adult population. The purpose of this study was to investigate if high computer use
is a prospective risk factor for developing mental health symptoms in a population-based sample of young adults.

Methods: The study group was a cohort of young adults (n =4163), 20-24 years old, who responded to a
questionnaire at baseline and 1-year follow-up. Exposure variables included time spent on computer use (CU) in
general, email/chat use, computer gaming, CU without breaks, and CU at night causing lost sleep. Mental health
outcomes included perceived stress, sleep disturbances, symptoms of depression, and reduced performance due to
stress, depressed mood, or tiredness. Prevalence ratios (PRs) were calculated for prospective associations between
exposure variables at baseline and mental health outcomes (new cases) at 1-year follow-up for the men and

Results: Both high and medium computer use compared to low computer use at baseline were associated with
sleep disturbances in the men at follow-up. High email/chat use was negatively associated with perceived stress,
but positively associated with reported sleep disturbances for the men. For the women, high email/chat use was
(positively) associated with several mental health outcomes, while medium computer gaming was associated with
symptoms of depression, and CU without breaks with most mental health outcomes. CU causing lost sleep was
associated with mental health outcomes for both men and women.

Conclusions: Time spent on general computer use was prospectively associated with sleep disturbances and
reduced performance for the men. For the women, using the computer without breaks was a risk factor for several
mental health outcomes. Some associations were enhanced in interaction with mobile phone use. Using the
computer at night and consequently losing sleep was associated with most mental health outcomes for both men
and women. Further studies should focus on mechanisms relating information and communication technology

Background

The widespread use of modern information and commu-
nication technology (ICT) in work life and private life
follows in the wake of rapid advances in technology and
popularization of different devices and applications, im-
plying fast changes in exposure profiles in the popula-
tion over the past few decades. The issue of possible
negative effects of exposure to ICT has been raised by
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various groups. Musculoskeletal symptoms and ergo-
nomics in relation to computer use and different input
devices have been examined [1-3], but also, mental
health effects have been considered (e.g. [4]). The term
techno-stress emerged more than two decades ago, to
describe stress reactions in relation to computer use [5].
It was suggested that computer use can lead to psycho-
physiological stress reactions due to occupational strain,
and that these reactions can become conditioned to the
computer work environment, leading to symptoms asso-
ciated with computer use [5,6]. The term ICT stress has
been used to describe stress induced by interruptions at
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work, time pressure, and technical problems in connec-
tion with ICT use [7].

In 2010, 91% of the Swedish population (16—74 years
old) had access to the Internet at home [8]. Young
adults, 20-24 years old, were the most frequent users
compared to all other age groups [9]. In a previous pro-
spective cohort study, we found associations between
high use of ICT, including chatting, emailing, Internet
surfing, the sum of hours spent at the computer and
mobile phone per week, and the number of mobile
phone calls and text messages (SMSs) per day, and
reported mental health symptoms among college and
university students aged 19-25 years [10]. The study
was followed by a qualitative interview study with 32
high users of ICT who had reported mental health
symptoms at 1-year follow-up in the cohort question-
naire [11]. Based on these young adults’ own concepts
and ideas, a model of possible paths for associations be-
tween ICT use and mental symptoms was proposed via
consequences of high quantitative computer or mobile
phone use, negative qualitative use, and user problems.
Consequences of computer use included spending more
time than planned at the computer (e.g., working, gaming,
or chatting), leading to time pressure, neglect of other ac-
tivities and personal needs (e.g., breaks, physical activity,
social interaction, sleep), exposure to bad ergonomics,
and mental overload. Chatting or emailing interrupted
other tasks, with difficulties filtering important from un-
important messages, leading to mental overload. Getting
stuck in what was perceived as unproductive activities,
such as game playing, or “gaming,” was another concern,
and participants could also relate to having insufficient or
dislocated sleep after sitting up late in front of the com-
puter because of getting stuck in tasks, meeting deadlines,
chatting, or gaming. In a study among Finnish adoles-
cents [12], intensive computer use among the boys was a
risk for poor perceived health through deteriorated sleep-
ing habits and waking time tiredness. (For the girls, it was
intensive mobile phone use that was directly associated
with poor perceived health, likewise through deteriorated
sleeping habits and waking time tiredness).

There has been a growing number of publications con-
cerning ICT addiction [13]. Internet addiction has been
proposed as a specific psychiatric illness [14]; however,
this form of problematic Internet use could also be con-
sidered to share elements with impulse control disorders
and be related to the specific activities done on the
Internet (such as gambling) rather than the Internet per
se [15,16]. Internet addiction has been associated with
sleep disorders and depression among adults [17] and
adolescents [18]. Most studies we have found concerning
problematic Internet use and mental health have a
cross-sectional design, but one exception is a prospective
study among Chinese adolescents 13—18 years old [19],
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where Internet addicts, compared to non-pathological
users, had a relative risk of about 2.5 for new cases of
depression (using the Zung Depression Scale).

Another focus has been computer gaming. Playing
computer games is more common among men and boys
than among women or girls (e.g. [12,20,21]). In a longi-
tudinal study among youths, pathological gaming pre-
dicted higher levels of depression, anxiety, social phobia,
and poor school performance [22]. It seemed to be a
long-term exposure, as most (84%) of the youths who
were pathological gamers at baseline were still patho-
logical gamers after 2 years.

Furthermore, in our interview study [11], social isola-
tion was a concern. A negative loop was suggested,
where people who are already lonely may have a prefer-
ence for using computers, which in turn could increase
their tendency to lack real-life contacts, and lead to an
even higher use. This is in line with the findings of
Morahan-Martin and Schumacher [23]. Positive effects
of computer use were also listed, such as efficiency, ac-
cess to information, fun and recreation, the ease of keep-
ing up social contacts, and access to social support [11].
We concluded that there seemed to be many factors in
different domains that should be taken into consider-
ation in epidemiological studies concerning associations
between ICT use and mental symptoms.

While we have previously performed a prospective
study on computer use in relation to mental health
symptoms in a selected university student cohort [10], it
is important to examine possible prospective associa-
tions between computer use and mental health out-
comes in a more general and heterogeneous population
of young adults. The present study was performed in a
population-based sample of young adults. We have re-
cently performed a study on mobile phone use and men-
tal health outcomes in the same cohort population [24].
Frequent mobile phone use was a prospective risk factor
for sleep disturbances in the men, and for symptoms of
depression in the men and women.

Aims

The purpose of this study was to investigate if high com-
puter use is a risk factor for developing mental health
symptoms in a population sample of young adults. Spe-
cific aims included examining associations, if any, be-
tween time spent on computer use in general, time
spent on communication (emailing or chatting) in leis-
ure, time spent on computer gaming, using the com-
puter without breaks, and getting stuck behind the
computer screen at night and thus losing sleep, on the
one hand, and perceived stress, sleep disturbances, and
symptoms of depression, on the other. Furthermore, we
wanted to explore perceived social support in relation to
computer use. As a final goal, we aimed to examine
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potential interaction between computer and mobile
phone use on mental health symptoms.

Methods

Study population and data collection

The study population consisted of a cohort of young adults
(Figure 1), 20—24 years old (age span corresponding to the
United Nations’ definition of young adults [25]). A cohort
of 10000 men and 10000 women, born between 1983 and
1987, were randomly selected from the general population
from a registry held by theSwedish Tax Agency, 50% living
in the County of Vastra Gotaland, and 50% in the rest of
Sweden. In October 2007, a questionnaire [26] containing
questions about health, work- and leisure-related exposure
factors, demographic factors, and psychosocial factors was
sent to the selected young adults by post. Besides returning
the postal questionnaire it was also possible to complete
the questionnaire online if desired. As an incentive to
respond, a lottery ticket (value approx. 1 Euro) was attached
to the cover letter and could be used regardless of partici-
pation in the study. Two reminders were sent by post. The
response rate at baseline was 36% (n = 7125; 2778 men and
4347 women). Twelve months later, those respondents who
had indicated that they would consider participating in fu-
ture studies (n = 5734) were invited to respond to an identi-
cal questionnaire, this time administered via the Web. The
data collection process was similar to that at baseline, with
the addition of a third reminder offering a paper version of
the questionnaire and two cinema tickets for participating.
The response rate at follow-up was 73% (Figure 1; n = 4163;
1458 men and 2705 women). The study was approved by
the Regional Ethics Review Board in Gothenburg, Sweden
(Reg. no. 191-05 and 876-11).

Exposure variables

Information about computer use was collected from the
cohort study questionnaire at baseline, including average
time spent daily on general computer use, on emailing
or chatting in leisure, and on computer gaming, as well
as how often the computer was used for more than

n=20000
3=10000, Q=10000

l\>

n=7125
3=2778, Q =4347

l\b Declining further contact
-20%

3 -24%,9 -16%

Invited to participate

Loss at baseline
-64%.

8 -72%,9 “57%

Cohort baseline

Invited to follow-up 5‘:2?;375:2333634
N Loss at follow-up
_ 3 -31%,9 -26%
Cohort follow-up 6:12531532705

Figure 1 Study population. The participation process from study
population to study group.
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2 hours without breaks, and how often sleep was lost
because of getting stuck late at night by the computer.
Also, information about mobile phone use (average
number of calls and SMSs sent and received per day)
was collected from the questionnaire. Response data
were categorical, and were further divided into high,
medium, and low categories. Exposure variables, ques-
tionnaire items, response categories, and categories used
in the present study are presented in Table 1.

Mental health outcome variables

Information about perceived mental health symptoms
was collected from the cohort study questionnaire at
baseline and follow-up. The outcome variable current
stress was constituted by a validated single-item stress
indicator [27], with the responses divided into yes and
no. The variable sleep disturbances was constructed for
the study by including the most common sleep distur-
bances (difficulties falling asleep, fragmented sleep, and
premature awakening) into a single item, loosely adapted
from the Karolinska Sleep Questionnaire [28], with
responses divided into yes and no based on clinical sig-
nificance (sleep problems several times per week or
more). The two depressive items from the Primary Care
Evaluation of Mental Disorders (Prime-MD) screening
form [29] were included in the questionnaire. It has been
proposed that if one of the two items is confirmed at
screening to go forward with clinical assessment of
mood disorder, a procedure that has been shown to have
high sensitivity for major depression diagnosis (86% [29]
and 96% [30]), but lower specificity (75% [29] and 57%
[30]), in primary care populations. In the youngest age
group (<35 years old) in Whooley et al. [30], the sensi-
tivity was 100% and the specificity 59%. In our cohort
study group, approximately 50% of the men and almost
65% of the women confirmed at least one of the two de-
pressive items, which indicates that the instrument is
probably very sensitive but had low specificity in our
study group. Therefore, we constructed two separate
outcomes: symptoms of depression (one item) and symp-
toms of depression (two items), the latter presumably
with higher specificity. The variable reduced performance
was based on reporting that stress, depressed mood, or
tiredness had influenced performance “quite a lot” at
work or school over the past 2 weeks. Mental health
outcome variables, questionnaire items, response cat-
egories, and categories used in the present study are pre-
sented in Table 2.

Social support

The variable social support was based on the item: When
I have problems in my private life I have access to
support and help, constructed for the study as a single
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Category Variables and response Men Women

categories N=1458 N =2705
n % n %

Computer use (CU)

Low <2 hours per day 382 26 993 37

Medium 2-4 hours per day 505 35 950 35

High >4 hours per day 564 39 748 28
Email/chat use
Not at all 120 8 162 6

Low <1 hour per day 906 62 1732 64

Medium 1-2 hours per day 277 19 558 21

High >2 hours per day 151 10 236 9
Computer gaming

Low Not at all 655 45 2050 76
<1 hour per day 427 29 468 17

Medium 1-2 hours per day 204 14 114 4

High >2 hours per day 168 12 61 2
CU without breaks

Low Never 202 14 565 21
Only occasionally 314 22 832 31

Medium A few times per month 247 17 526 20
A few times per week 324 22 445 17

High Almost every day 366 25 323 12
CU causing lost sleep

Low Never 410 28 1128 42
Only occasionally 490 34 920 34

Medium A few times per month 316 22 393 15

High A few times per week 181 12 206 8
Almost every day 57 4 46 2
Mobile phone use

Low 0-5 calls + 0-5 SMSs per day 804 55 1433 53

Medium 0-5 calls + 6-10 SMSs, or vice versa 326 22 616 23

High >11 calls and/or >11 SMSs, or 323 22 645 24

6-10 calls + 6-10 SMSs per day

Frequencies and percentages in exposure variables, including categorizations into low, medium, and high, are presented. Missing values (non-responses to items)

are not accounted for, which means that the n varies for the variables.

Questionnaire items: Computer use (CU): On average, how much time per day have you used on a computer (total use)? Email/chat use: On average, how much
time per day have you used on a computer for emailing and chatting (leisure/private use)? Computer gaming: On average, how much time per day have you
spent on computer gaming (e.g., computer games or online games, private/leisure use)? CU without breaks: How often have you used a computer for more than 2
hours without taking a break longer than 10 minutes? CU causing lost sleep: How often have you lost sleep because of sitting late at night at the computer?
Mobile phone use: How many mobile phone calls on average have you made and received per day?, and How many SMS messages on average have you sent and

received per day? The time span for all items was “over the past 30 days”.

item adaptation of the social support scale in the Karasek-
Theorell Job Content Questionnaire [31], here relating to
private life (rather than work life). Response categories
were: a=applies very poorly; b=applies rather poorly;
¢ = applies rather well; d = applies very well. The responses
were categorized as low (response categories a—b), medium
(response category c), and /igh (response category d).

Sociodemographic variables

In the multivariate analysis, potentially confounding
sociodemographic factors were collected from the base-
line questionnaire and adjusted for, including relation-
ship status: single or in a relationship; highest completed
educational level: elementary school (basic schooling for
6—16-year-olds), upper secondary school, or college or
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Table 2 Mental health outcome variables
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Variable Cohort questionnaire item Response categories Categories in present study
Yes No
Current stress Stress means a situation when a person feels a=not at all, d-e a—C
tense, restless, nervous, or anxious or is b =just a little,
unable to sleep at night because his/her mind C = to some extent,
is troubled all the time. Are you currently d = quite a lot,
experiencing this kind of stress? e =very much
Sleep disturbances How often have you had problems with your a=never, c—d a-b
sleep these past 30 days (e.g., difficulties b =a few times per month,
falling asleep, repeated awakenings, waking c = several times per week, and
up too early)? d=every day
Symptoms of depression During the past month, have you often been Yes or No One item: One item:
one item bothered by: (a) little interest or pleasure in (a) Yes or (a) No and
two items doing things? (b) feeling down, depressed, (b) Yes (b) No
or hopeless? Two items: Two items:
(a) Yes and (@) No and
(b) Yes (b) No
Reduced performance Have the following complaints influenced your a=No, (@) d or (@) a—c and
performance at work or in studies over the b = Yes, negligibly, (b) d (b) a—c

past 14 days? (a) stress/depressed mood?
(b) tiredness

c=Yes, a little, and
d = Yes, quite a lot

university studies; and occupation: working, studying, or
other (other included being on long-term sick leave, or
on parental or other leave, or being unemployed).

Analysis

Spearman correlation analysis was used to examine associa-
tions between the different computer exposure variables,
and between the exposure variables and social support. For
analysis of dropout between the initial cohort baseline and
1-year follow-up, Wilcoxon’s (two-sided) two-sample test
was used. The Cox proportional hazard model, using SAS
PROC PHREG (SAS Institute, Inc., Cary, NC, USA), with
time set to 1, was used to calculate prevalence ratios (PRs)
with a 95% confidence interval (CI) for multivariate analysis
of prospective associations between exposure variables
high, medium, and low (reference level) and mental health
outcomes (yes or no). The robust variance option (COVYS)
was used to produce accurate Cls [32,33].

In all prospective analyses, participants who reported
symptoms at baseline were excluded from the analysis of
the mental health outcome variable concerned. For ex-
ample, when analyzing sleep disturbances, subjects with
sleep disturbances at baseline were excluded. It is possible
that the included subjects had one or more of the other
mental health symptoms at baseline; however, these were
not accounted for in the analysis of sleep disturbances.

Two sets of extra analyses were performed; one, including
also those with symptoms at baseline, adding the baseline
value of the outcome variable as a confounder, and the
other, including only those who reported symptoms at
baseline.

All analyses were performed separately for the men
and women. The PRs were adjusted for sociodemo-
graphic factors including relationship status, educational
level, and occupation. These potential confounders were
chosen based on theoretical hypothesis and were added
to all analyses if p <0.10 in at least some of the analyses.
Age was not considered a confounder because of the
limited age span of the study group. Missing values
(i.e, non-responses to items in the questionnaire) were
excluded from the analyses, which means that the n var-
ied in all analyses. PRs with a 95% CI not including 1.00
(before rounding) were considered statistically significant.

Finally, some computer exposure variables were ana-
lyzed for possible interaction with mobile phone use, by
using all nine possible category combinations of the two
variables in the analysis. Multivariate analyses were per-
formed to calculate PRs using the Cox procedure, as
described earlier, using the “low—low” category combin-
ation as reference.

All analyses were performed using the statistical soft-
ware package SAS, version 9.2 (SAS Institute, Inc., Cary,
NC, USA).

Results

Exposure, mental health symptoms, and social support in
study group at baseline

Almost 40% of the men and 30% of the women were
categorized as having high computer use (>4 hours per
day) (Table 1). The majority spent less than 1 hour per
day on leisure time email/chat use, while about 20%
spent 1-2 hours per day, and 10% spent more than
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2 hours per day on this activity. The percentage of men
who spent >1 hour on computer gaming (medium or
high gaming) was more than four times that of women.
Lost sleep because of late night computer use (CU caus-
ing lost sleep) was more common among men than
among women (Table 1). There were moderate positive
associations between the exposure variables at baseline
(Spearman correlation coefficients, Table 3), with the
strongest associations found between computer use
(hours per day) and frequency of CU without breaks.
There were little if any correlations between computer
exposure variables and mobile phone use.

The women reported current stress almost twice as
often as the men (29% compared to 16%) at baseline.
Twenty-three percent of the men and 34% of the women
indicated sleep disturbances. Of the men, 27% reported
one and 24% both symptoms of depression, and of the
women, 30% reported one and 34% both symptoms of
depression. Ten percent of the men and 20% of the
women reported reduced performance due to stress,
depressed mood, or tiredness. Among participants who
were symptom-free at baseline (in terms of the out-
come variable concerned), the prevalence of new cases
at 1-year follow-up was as follows, for men and women
respectively: current stress: 10% and 19%, sleep distur-
bances: 15% and 20%, symptoms of depression (one
item): 24% and 28%, symptoms of depression (two
items): 12% and 18%, and reduced performance: 7%
and 14%.

Sixteen percent of the men and 13% of the women
perceived low social support in private life. Forty-one
percent of the men and 32% of the women reported
medium, and 43% of the men and 56% of the women
reported high social support.

Prospective associations between computer exposure

at baseline and mental health outcomes (new cases)

at 1-year follow-up

Both high and medium computer use compared to low
computer use at baseline were associated with sleep dis-
turbances at 1-year follow-up for the men, but not for
the women (Table 4). For men, high computer use was

Table 3 Associations between exposure variables at baseline
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also associated with reduced performance (due to stress,
depressed mood, or tiredness). High email/chat use was
negatively associated with perceived stress for the men,
but positively associated with reported sleep distur-
bances. For the women, both high and medium email/
chat use were (positively) associated with stress and
sleep disturbances. For the women, high email/chat use
was also associated with symptoms of depression (one
item) (PR 1.9, 95% CI 1.46-2.52, not presented in the
Table). There were no other statistically significant asso-
ciations with symptoms of depression (one item).

The only clear association concerning computer gam-
ing and mental health outcomes was for women, where
medium gaming was associated with symptoms of de-
pression (two items). Furthermore, both high and
medium CU without breaks were associated with per-
ceived stress, sleep disturbances, and symptoms of de-
pression (two items) for the women. For the men,
medium CU without breaks was associated with sleep
disturbances. High (and, for women, medium) CU caus-
ing lost sleep was associated with stress and sleep distur-
bances for both the men and the women. Furthermore,
high and medium CU causing lost sleep were associated
with reduced performance among the men, while
medium (but not high) CU causing lost sleep was asso-
ciated with symptoms of depression (two items) and
reduced performance for the women.

The extra analyses including also participants with
symptoms at baseline, and adjusting for baseline health,
gave results in the same direction as the results pre-
sented above. The PRs were approximately in between
the PRs in Table 4 and those that resulted when includ-
ing only participants with symptoms at baseline (PRs
mostly around 1.0).

Interaction effects: computer and mobile phone use

Because computer use and email/chat use were risk fac-
tors for sleep disturbances among the men, as mobile
phone use had been in a previous study (PR 1.8, CI
1.21-2.69) [24], we tested these two exposure variables
in combination with mobile phone use, with sleep dis-
turbances as the outcome. Furthermore, since CU

Email/chat use Computer gaming

CU without breaks

CU causing lost sleep Mobile phone use

Men/Women Men/Women Men/Women Men/Women Men/Women
Computer use 0.39/0.40 0.37/0.18 0.59/0.56 0.39/0.31 —0.09/0.05
Email/chat use 0.17/0.04 0.31/032 0.29/0.31 0.08/0.18
Computer gaming 0.36/0.17 0.27/0.19 —0.09/0.02 ns
CU without breaks 0.40/0.34 —-0.06/0.04
CU causing lost sleep —0.02 ns/0.07

Spearman correlation coefficients for the men (n =1458) and women (n =2705) included in the study. All correlations are statistically significant (p < 0.05) except

where indicated as non-significant (ns).



Table 4 Prospective associations between computer exposure at baseline and mental health outcomes (new cases) at 1-year follow-up

Current stress

Sleep disturbances

Symptoms of depression (two items)

Reduced performance

n Cases (%) PR 95% CI n Cases (%) PR 95% CI n PR 95% Cl n Cases (%) 95% CI

Computer use (CU)

Men High 440 43 (10) 1.0 0.60-1.55 398 70 (18) 1.8 1.14-2.78 173 1.1 0.63-2.04 400 35(9) 1.01-3.98
Medium 409 42 (10) 1.0 0.66-1.63 373 65 (17) 1.8 1.17-2.79 187 1.1 0.60-1.93 388 20 (5) 0.61-2.49
Low 289 28 (10) 10 263 25 (10) 10 136 1.0 279 12 (4)

Women High 463 92 (20) 1.1 0.87-1.42 428 101 (24) 1.2 0.95-1.52 152 12 0.85-1.77 468 64 (14) 0.79-1.48
Medium 617 117 (19) 1.0 0.81-1.29 566 94 (17) 08 0.65-1.06 241 12 0.90-1.70 573 84 (15) 0.82-1.48
Low 655 122 (19) 10 600 128 (21) 10 246 10 586 75 (13)

Email/chat use

Men High 116 6 (5) 04 0.18-0.95 98 27 (28) 1.9 1.29-2.77 38 100 6 (6) 041-1.99
Medium 215 20 (9) 08  052-131 197 31 (16) .1 077-163 86 09 0.50-1.51 210 16 (8) 0.73-2.25
Low 807 88 (11) 1.0 740 102 (14) 1.0 373 1.0 757 45 (6)

Women High 136 37 (27) 1.7  1.23-2.25 118 35 (30) 1.7  1.23-2.24 26 14 0.74-2.50 129 21 (16) 0.84-1.94
Medium 348 80 (23) 1.4 1.11-1.76 325 73 (22) 1.3 1.01-1.62 133 12 0.89-1.68 329 51 (16) 0.88-1.60
Low 1248 212.(17) 1.0 1149 21218) 1.0 477 1.0 1167 150 (13)

Computer gaming

Men High 136 13 (10) 09  051-153 107 20 (19) 12 073-1.80 43 1.1 0.58-1.98 108 5(5) 028-1.67
Medium 176 17 (10) 09 0.55-1.50 156 25 (16) 1.0 0.70-1.55 73 0.6 0.29-1.24 161 9 (6) 0.37-161
Low 826 83 (10) 1.0 771 115 (15) 1.0 380 1.0 798 53(7)

Women High 29 7 (24) 13 0.67-247 29 7 (24) 1.0 0.52-2.08 10 26 2(8)
Medium 76 15 (20) 1.0 0.65-1.63 59 17 (29) 14 0.92-2.09 25 1.9 1.17-3.03 64 7(11) 0.39-161
Low 1631 309 (19) 1.0 1509 299 (20) 1.0 605 1.0 1538 213 (14)

CU without breaks

Men High 280 25 (9) 0.9 0.58-1.51 250 42 (17) 14 0.92-2.09 100 0.8 046-1.42 253 20 (8) 0.98-3.61
Medium 454 50 (11) 12 0.76-1.78 418 74 (18) 1.5 1.05-2.16 202 08 0.50-1.30 438 30 (7) 0.90-3.03
Low 404 38 (9) 10 366 43(12) 10 194 1.0 377 16 (4)

Women High 189 49 (26) 1.6 1.24-2.18 190 55 (29) 1.7  1.31-2.23 62 1.8 1.20-2.63 180 24 (13) 0.76-1.74
Medium 588 121 (21) 1.2 1.01-1.54 558 120 (22) 1.3 1.06-1.63 208 1.6 1.16-2.09 586 94 (16) 1.01-1.69
Low 958 161 (17) 1.0 846 147 (17) 1.0 369 1.0 863 105 (12)
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Table 4 Prospective associations between computer exposure at baseline and mental health outcomes (new cases) at 1-year follow-up (Continued)

CU causing lost sleep

Men High 174
Medium 243
Low 722
Women High 123
Medium 214
Low 1400

27 (16)
25 (10)
62 (9)
35 (28)
55 (26)
242 (17)

1.8
1.2
1.0
1.7
1.5
1.0

1.17-2.70
0.77-1.86

1.27-2.32
1.17-1.94

146
230
659
106
221
1270

239 (19)

2.0
14
1.0
1.5
14
1.0

1.42-2.87
0.96-1.94

1.07-2.08
1.06-1.78

53

340
32
78

529

1.0
13
1.0
1.5
1.9
1.0

0.54-2.02
0.78-2.05

0.85-2.50
1.38-2.62

155
239
674
108
212
1308

14 (9)
25 (10)
28 (4)
19 (18)
41 (19
163 (12)

1.6
1.0

1.15-3.98
1.44-4.24

0.92-2.20
1.14-2.13

Participants who reported symptoms at baseline were excluded from analysis of the mental health outcome concerned. The study group n was: for Current stress: 1224 men and 1915 women; for Sleep disturbances:
1109 men and 1764 women; for Symptoms of depression (one item): 617 men and 791 women, for Symptoms of depression (two items): 535 men and 693 women; and for Reduced performance: 1145 men and 1802
women. Missing values (non-responses to items) were excluded from the analyses, which means that the n varied further in the analyses. The prevalence of mental health symptoms (cases and %) at 1-year follow-up
in each exposure category is shown. The prevalence ratios (PRs) with 95 % confidence intervals (Cls) were adjusted for relationship status, educational level, and occupation. PRs with a Cl not including 1.00 (before

rounding) are given in bold. Results of analyses with fewer than five cases are not presented, indicated as “. ..
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Table 5 Interaction between computer exposure variables and mobile phone use at baseline, and sleep disturbances (new cases) at 1-year follow-up

MEN WOMEN
Mobile phone use Mobile phone use
Low Medium High Low Medium High

Computer exposure  Cases (%) PR (95% ClI) Cases (%) PR (95% ClI) Cases (%) PR (95% Cl) Cases (%) PR (95% Cl) Cases (%) PR (95% Cl) Cases (%) PR (95% Cl)

Computer use

High 38(16)  2.2(1.03-4.55) 17(19) 29(1.32-6.34) 14(22) 3.4(1.55-7.63) 47 (21) 1.2 (0.84-1.66) 18(19)  1.1(069-176) 36 (34) 1.8 (1.28-2.51)
Medium 32 (14) 2.1 (1.00-4.32) 16 21) 3.2 (1.47-7.16) 17 (24) 3.9(1.81-8.44) 57(17) 1.0 (0.70-1.34) 19 (15) 0.8 (0.52-1.33) 17 (15) 0.8 (0.50-1.29)
Low 8 (6) 1.0 (ref) 8 (10) 1.7 (0.69-4.38) 9 (15) 2.4 (1.00-5.90) 68 (19) 1.0 (ref) 36 (25) 13(094-192) 24 (23) 1.1 (0.75-1.72)
Email/chat use

High 11 (23) 1.8 (0.96-331) 932 29(1.66-5.24) 7(32) 29(1.47-559) 1429 1.7 (1.06-2.68) 7 (29) 1.7 (0.88-3.08) 31 (31) 1.7 (1.08-2.68)
Medium 18 (16) 14 (0.82-2.25) 9 (20) 1.8 (0.96-3.46) 4 (10) e 30 (19) 1.1 (0.78-1.61) 19 (24) 14(092-2.12) 23 (26) 1.5 (0.99-2.13)
Low 49 (11) 1.0 (ref) 23 (14) 1.3 (0.82-2.08) 29 (22)  2.2(1.41-3.34) 126 (18) 1.0 (ref) 47 (18) 1.0 (0.75-137) 39 (21) 1.1 (0.78-147)

Participants who reported symptoms at baseline were excluded from analysis of the mental health outcome concerned. Prevalence of mental health symptoms (cases and %) at 1-year follow-up in each exposure
category is shown. The prevalence ratios (PRs) with 95 % confidence intervals (Cls) were adjusted for relationship status, educational level, and occupation. PRs with a CI not including 1.00 (before rounding) are given
in bold. Results of analyses with fewer than five cases are not presented, indicated as “...".

Table 6 Interaction between computer exposure variables and mobile phone use at baseline, and symptoms of depression: two items (new cases), at 1-year
follow-up

MEN WOMEN
Mobile phone use Mobile phone use
Low Medium High Low Medium High

Computer exposure  Cases (%) PR (95% Cl) Cases (%) PR (95% CI) Cases (%) PR (95% Cl) Cases (%) PR (95% CI) Cases (%) PR (95% ClI) Cases (%) PR (95% Cl)
CU without breaks

High 12(17) 09 (0.46-1.94) 4(22) . 0(0) .. 10 (29) 1.9 (1.06-3.40) 5(38) 2.4 (1.13-5.09) 6 (40) 2.3 (1.18-4.58)
Medium 18 (14) 1.0 (051-1.81) 7 (16) 1.2 (0.52-262) 309 .. 33 (27) 1.7 (1.09-2.52) 14 (28) 1.8 (1.04-3.06) 14 (39) 2.3 (1.38-3.87)
Low 15 (14) 1.0 (ref) 9 (21) 1.8 (0.85-3.75) 8(18) 1.7 (0.76-3.68) 37 (17) 1.0 (ref) 19 (22) 1.3 (0.78-2.08) 20(29) 1.6 (1.02-2.62)

Participants who reported symptoms at baseline were excluded from analysis of the mental health outcome concerned. Prevalence of mental health symptoms (cases and %) at 1-year follow-up in each exposure
category is shown. The prevalence ratios (PRs) with 95 % confidence intervals (Cls) were adjusted for relationship status, educational level, and occupation. PRs with a Cl not including 1.00 (before rounding) are given
in bold. Results of analyses with fewer than five cases are not presented, indicated as “...".
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without breaks was a risk factor for symptoms of depres-
sion among the women, as mobile phone use had been
in the previous study (PR 1.5, CI 1.02-2.24), these were
tested in combination, with symptoms of depression
(two items) as the outcome.

There seemed to be an interaction between computer
use and mobile phone use in relation to sleep distur-
bances in a near additive fashion for the men, while for
the women, only the “high—high” category was a risk
exposure (Table 5). Men with high email/chat use in
combination with medium or high mobile phone use had
an almost tripled risk for sleep disturbances at follow-
up, using “low—low” users as reference (Table 5). In the
same analysis, for women, only effects of the email/chat
use variable could be seen. Finally, there was a tendency
towards interaction between CU without breaks and mo-
bile phone use with symptoms of depression (two items)
as outcome for the women (Table 6). Caution in inter-
pretation is necessary since in all the combined analyses,
the CIs overlapped.

Social support

There were no associations between social support and
computer exposure variables at baseline for the men, ex-
cept for a very low negative association with CU causing
lost sleep (-0.10; p <0.001). For the women, there were
very low negative associations with all computer vari-
ables (between -0.06 and -0.12; p < 0.05).

Dropout analysis

The non-respondents at the initial cohort baseline were
more often male (a difference of 17 percentage points)
and were somewhat younger (an age difference of
<0.1 years), more often married (a difference of 1.4 per-
centage points), and more often foreign-born (8 percent-
age points difference), compared to the study population
invited to participate [26].

Furthermore, the dropout group (n=2962) from the
initial cohort baseline (n = 7125) to 1-year follow-up also
had a higher proportion of men, resulting in almost
twice as many women as men (65% vs. 35%) in the final
study group (n=4163). The participants in the study
group had a slightly higher educational level and differed
in occupation in that they were less often working and
more often studying at baseline compared to the drop-
out group (differences of up to 10 percentage units). The
level of computer use and CU without breaks was slightly
higher in the study group, while mobile phone use was
lower (differences of up to 10 percentage units). The
women in the study group were less often single (34%
compared to 37%) and reported a slightly higher level of
social support (differences of up to 3 percentage units).
With the exception of a lower prevalence of sleep distur-
bances among the men in the study group (23%
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compared to 27%) the prevalence of mental health
symptoms at baseline was about the same among the
dropouts and those who remained in the study.

Discussion

We found prospective associations between aspects of
computer use and several mental health outcomes in
this population-based sample of young adults. Some of
the associations were enhanced in interaction with mo-
bile phone use. A major strength of the study is its lon-
gitudinal design, with exposure assessed among
symptom-free participants prior to outcome assessment.
(Extra analyses, including also participants with symp-
toms at baseline and adjusting for baseline health, gave
results in the same direction as the presented results, al-
though with lower PRs). However, the latency period in
our study is fairly long (1 year) and we have no informa-
tion about the exposure and mental health outcomes in
the latency period. The mental health symptoms are
common in the population and may come and go in the
latency period. Hence, the time span between measure-
ments may not be optimal for assessing possible effects
of the exposure on mental health. For example, it is pos-
sible that long-term exposure is needed to develop, say,
depression, or that a short-term exposure/short latency
period is relevant for perceived stress.

The results were not consistent for all outcomes or for
both men and women. For example, for men, hours spent
on general computer use was a risk factor; by contrast,
for women, it was the intensity of use, i.e., using the com-
puter without breaks. The mental health outcome that
seemed most affected for men was sleep disturbances,
while for women, a more general pattern occurred.

Effects of computer exposure on perceived current
stress at follow-up were mostly seen in parallel with sleep
disturbances. This could be expected since the current
stress item actually encompasses sleep problems. We have
not assessed the relationship between the different mental
health outcomes or pursued possible comorbidity within
the study. For example, we do not know if other mental
health symptoms were present among those participants
who were symptom-free in the outcome concerned in the
specific analysis. Sleep disturbances can be a first step to-
wards depression (and is a diagnostic criterion for depres-
sion, according to the Diagnostic and Statistical Manual
of Mental Disorders, 4th edition (DSM 1V)). For example,
in one study of young adults [34], sleep disorders was a
predictor of major depression onset with an odds ratio of
nearly 4. It is possible that those who developed symp-
toms of depression in our study already had sleep distur-
bances at baseline.

With regard to inconsistency of results, there was even
a negative association between high email/chat use and
stress among the men (while the association was positive
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for the women), implying that men who communicated
via the computer more than 2 hours per day had less
than half the risk to perceive stress a year later, com-
pared to low users. On the other hand, at the same time,
they had an almost double risk for developing sleep dis-
turbances. There is of course a risk of chance findings
when performing multiple tests, as in this study. How-
ever, the variables we tested were not chosen at random,
and the results are in part supported by a previous study
in a university sample of young adults [10], where, e.g.,
high chat use and high email use (as separate variables)
were associated with symptoms of depression in women.

It has been claimed that women, more than men, use
the computer for communication purposes [35]. In our
study, men and women reported almost the exact same
levels of email/chat use 1t is possible to develop and
maintain large social networks via email, SMS, Facebook,
web forums, and other social aspects of ICT. The posi-
tive effects of the social aspects of ICT use are often
emphasized (e.g., among the subjects participants in
[11]). Social support is a well-known factor that both
promotes health and buffers negative effects of psycho-
social strain [36,37]. Interestingly, there seemed to be lit-
tle or no association between hours spent emailing or
chatting and perceived social support in our study. It
should be noted that the study was carried out before
Facebook (and other networking services) became a
widespread and popularly used application. In future
studies, besides including social media use, it should be
taken into consideration that social media as well as
emails are increasingly accessed via the mobile phone
and other portable devices, and developments seem to
be towards an ever-increasing accessibility.

The email/chat use variable in our study concerned
leisure use. Email use in work life can also induce stress.
In a study among employees in an engineering company
[38], time spent emailing was associated with feeling
overloaded, and the overload was independent of the
hours worked. While participants spent time on other
activities their emails accumulated, and email use also
implied interference between work and private life. It
was concluded that emailing became a symbol of stress,
as it seemed to be experienced as stressful regardless of
the amount of work it generated, and even made the
participants overlook other aspects of work that contrib-
uted to overload [38].

Social isolation is another possible consequence of
high computer use, and a negative loop has been sug-
gested [11,23]. Morahan-Martin and Schumacher [23]
found support for the position that loneliness leads to
increased Internet use, while Caplan [39] concludes that
social anxiety (rather than loneliness) explains the prefer-
ence for online social interaction, because of benefits in
comparison to face-to-face communication. Such benefits,
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according to the author, include having control of self-
presentation, phrasing, and the speed of interaction, and
therefore feeling safer and more confidence than during
interactions “in real life.”

Addiction to the Internet has been suggested as a pos-
sible mental health risk factor, but was not assessed in
the present study. In a Norwegian cross-sectional adult
population sample [17], the prevalence of Internet addic-
tion was 1% and that of at risk users was approximately
5%. Problematic Internet use (addicted and at risk users)
was more common among men and younger age groups,
and was also associated with self-reported sleeping dis-
orders and depression.

Computer gaming was more common among the men
than the women in our study (as in other studies
(e.g., [12]). Only a few percent of the women played
games more than 2 hours per day, and playing 1-2 hours
per day almost doubled the risk of symptoms of depres-
sion among the women. This was, however, the only risk
category in the analysis of computer gaming. Computer
gaming may, on the other hand, be a way of coping with
stress. In a study of online game players [40], playing
computer games in the workplace was associated with
recovery experience. By contrast, playing long hours and
at night may have detrimental effects. In a population of
Internet game players, habitual gaming at night was
related to an increase in depression scores in adolescents
(13-17 years) and emerging adults (18—22 years), though
not in the group defined as young adults (23-30 years)
[41]. The association with depression was independent
of total time spent playing, and gaming at night was not
related to sleep problems. However, the study was cross-
sectional, which limits interpretation of causality. In a la-
boratory study [42], computer gaming before going to
bed increased sleep latency and heart rate, and decreased
subjective sleepiness and rapid eye movement (REM)
sleep, compared to controlled conditions. Getting stuck
behind the screen and thus losing sleep was reported as
a problem in our interview study [11] and was the basis
for constructing the variable CU causing lost sleep,
which also turned out to be a risk factor for several
mental health outcomes including reduced performance,
for both men and women. It may be argued that the
variable involves circular reasoning, since it encompasses
lost sleep as part of the exposure, which at the same
time may be considered an outcome.

High ICT use can mirror a hectic lifestyle with high
demands (extrinsic as well as intrinsic). It can mirror a
lifestyle with lack of recovery, and have potential effects
on sleep. Moreover, it is possible that ICT use contributes
to a sedentary lifestyle. A sedentary lifestyle can have
negative effects on mental health, while physical activity
has positive effects on mental health and is acknowledged
as a possible complementary treatment for depression
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and stress-related disorders [43,44]. A review suggests
that sedentary behavior, including TV viewing and
computer/Internet use, is associated with an increased
risk of depression [45]. However, the possible role of
physical activity was not assessed in the present study.

Methodological considerations

There are several limitations in the study, which need to
be considered, for example the inconsistencies in the
results, as discussed above. The study was performed in
a population-based sample of young adults, which is one
of its strengths. However, caution must be taken when
generalizing the results. The study suffered from a high
dropout rate, as is common in questionnaire studies
administered in the general population (and probably
more so among young adults), resulting in, e.g., women
and native-born Swedes being overrepresented in the
study group. It is possible that ICT exposure in the
study group differs from that of the source population.
There is probably a healthy participation selection bias
in the cohort, which may be further enhanced when ex-
cluding participants with symptoms at baseline before
analysis, as the remaining participants might differ from
the source population in several aspects including health
and resilience. We did adjust for potential confounding
by occupation, educational level, and relationship status.
However, this was done only at baseline and situations
may have changed during the latency period, which will
not have been accounted for. Furthermore, we adjusted
for potential confounding in all analyses, even though all
confounders were not relevant in all analyses. Moreover,
geographical confounding may be present because half
of the source population was from one region of Sweden
and the other half was from the rest of the country.
Gender bias was eliminated by separately analyzing men
and women.

There are several limitations in using a questionnaire
to collect information on exposure and health aspects.
Recall bias and recall difficulties are most likely present.
Agreement between self-reported and registered expos-
ure clearly was low in one validity study concerning
computer use [46] where more than 80% of respondents
misclassified their computer use, with almost all respon-
dents overestimating their use. Perhaps in a future study,
we would want to use objective exposure assessment via
technical registration, rather than self-report.

Some of the mental health outcomes used in the study
were not validated (sleep disturbances and reduced per-
formance due to stress, depressed mood or tiredness),
including the social support variable, which is a limita-
tion of the study. It is important to point out that the
study concerns subjective symptom reports and not ac-
tual mental disorders or diagnoses. The prevalence of
reported depressive symptoms was alarmingly high in
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our study group; approximately 50% of the men and al-
most 65% of the women confirmed at least one of the two
depressive items. Following the suggested PRIME-MD
procedure [29,30], a predictive power of 33% [30] would
imply that about 20% of the study group was clinically
depressed. However, the prevalence of depression in a
population such as the one included in this study is
most likely lower than in primary care populations. For
comparison, the 1-month prevalence of depression among
Finnish young adults (20—24 years of age) was 9.6% [47].
Suspecting that the instrument would be too sensitive
for our population, we chose to adapt the analysis ac-
cordingly, expecting that the two-item outcome would
have higher specificity than if following the suggested
procedure.

The computer use variables based on time spent at the
computer in our study did not permit us to evaluate
extreme use, since the cutoff for the highest category of
general computer use was 4 hours per day, which was
the time that almost 40% of the men and 30% of the
women spent on the computer. The cutoff for the high
category in email/chat use and computer gaming was
2 hours per day. It is possible that more extreme expos-
ure is more hazardous to health than the tested expo-
sures and having more categories with higher cutoffs
may have enabled a more detailed dose—response ana-
lysis. Perhaps the variables concerning intensity of use
(i.e., CU without breaks, and CU causing lost sleep) can
reflect a more extreme and, possibly, destructive use,
than those concerning mere hours of use. Also, it is im-
portant, though difficult, to keep up to date with
advances in technology and applications, and to create
items that sufficiently capture relevant exposure, espe-
cially in longitudinal studies.

Implications

Aspects of ICT use can contain risk factors for mental
wellbeing among young adults, and may be markers for
(other) mechanisms associated with mental health risks.
Consequently, it seems desirable to support healthy use
of modern technologies in order to prevent possible de-
structive uses or effects, since ICT is an ever-increasing
part of daily life, at work, at school, and at leisure. Since
sleep and recovery are essential for maintained health,
further studies could focus on mechanisms relating ICT
use to sleep disturbances, to deepen our understanding
and develop meaningful and evidence-based intervention
programs.

Conclusions

Time spent on general computer use was prospectively
associated with sleep disturbances and reduced perform-
ance for the men included in this study. For the women,
using the computer without breaks was a risk factor for
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several mental health outcomes. Some associations were
enhanced in interaction with mobile phone use. Using
the computer at night and thus losing sleep was asso-
ciated with most mental health outcomes for both men
and women. Further studies should focus on mechan-
isms relating ICT use to sleep disturbances.
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