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Abstract
Background: Previous research has linked sedentary behaviour (SB) to adverse physical health outcomes in adults
and youth. Although evidence for the relationship between SB and mental health outcomes (e.g., depression) is
emerging, little is known regarding risk of anxiety.
Methods: A systematic search for original research investigating the association between SB and risk of anxiety
was performed using numerous electronic databases. A total of nine observational studies (seven cross-sectional
and two longitudinal) were identified. Methodological quality of studies was assessed and a best-evidence synthesis
was conducted.
Results: One cross-sectional study demonstrated a strong methodological quality, five cross-sectional studies
demonstrated a moderate methodological quality and three studies (two cross-sectional one longitudinal) received a
weak methodological quality rating. Overall, there was moderate evidence for a positive relationship between total SB
and anxiety risk as well as for a positive relationship between sitting time and anxiety risk. There was inconsistent evidence
for the relationship between screen time, television viewing time, computer use, and anxiety risk.
Conclusion: Limited evidence is available on the association between SB and risk of anxiety. However, our findings
suggest a positive association (i.e. anxiety risk increases as SB time increases) may exist (particularly between sitting time
and risk of anxiety). Further high-quality longitudinal/interventional research is needed to confirm findings and determine
the direction of these relationships.
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Background
Sedentary behaviour (i.e. activities which require minimal
body movement resulting in low energy expenditure
similar to resting level [1.0 to 1.5 metabolic equivalent
(METs)] [1]) includes behaviours such as sitting for a
range of purposes (e.g. work, travel), and screen-based
activities such as computer use, electronic gaming, and
television viewing. Time spent in sedentary behaviour
has emerged as a potentially important indicator of
health in adult populations [2], independent of achieving
sufficient physical activity. Among the general adult population some evidence suggests sedentary behaviour is associated with increased risk of developing various chronic
diseases (e.g. overweight and obesity [3], cardiovascular
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disease [4], osteoporosis [5], type two diabetes [3], and
various cancers [6]). However, reviews of prospective
studies suggest that there is yet insufficient or no evidence
to conclude relationships between sedentary behaviour
and certain health outcomes (e.g. adulthood weight gain,
cardiovascular disease risk, and some cancers) [7, 8]. A
range of health consequences of sedentary behaviour in
children and adolescents have also been identified
(e.g. unfavourable body composition, decreased fitness,
lowered scores for self-esteem, and pro-social behaviour
and decreased academic achievement [9], sleep problems, musculoskeletal pain, depression, and poor psychological well-being [10]). However, like that of the
adult literature, reviews of prospective studies in young
people suggest that there still remains insufficient
evidence to conclude associations between sedentary behaviour and some health indicators (e.g. body weight,
blood pressure, bone mass) [11].
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The association between sedentary behaviour and mental
health issues such as depression [12, 13] and self-esteem
[14] have been explored within some population groups
(e.g., women, adolescents), and on the balance it has been
suggested that a positive relationship exists between most
sedentary behaviours and depression [12] and self-esteem
[9]. However little is known regarding the relationship
between sedentary behaviour and other mental illnesses
such as anxiety.
Anxiety is a mental illness that affects approximately
14 % of Australians adults [15] and 15 % of 16–24 year
olds [16], with global estimates indicating anxiety to
affect over 27 million people [17]. Anxiety is characterised by excessive and persistent (yet often unrealistic) worry which can inhibit one’s ability to carry out
activities of daily living [18]. Physiological symptoms
can include: pounding heart; difficulty breathing; upset
stomach; muscle tension; sweating; and, feeling faint,
or shaky [18]. The illness has been shown to be linked
to other serious diseases such as increased risk of cardiovascular disease and cancer [19] with estimates that
anxiety and depression together contribute to 10 % of
the total burden of disease in Australian women [20].
Considering anxiety has such a large impact on society
(e.g. healthcare costs, quality of life, and life expectancy)
and is highly prevalent across the life span, it is important
to understand the behavioural factors that may be linked
to it.
It has been hypothesised that sedentary behaviour
may lead to anxiety through biological pathways. For
example, engaging in screen-based entertainment,
such as video gaming, has been shown to increase the
arousal of the central nervous system (CNS) [21],
which could potentially lead to increased levels of anxiety. Additionally, screen-based sedentary behaviours
have been linked to disrupted sleeping patterns which
may also cause elevated levels of anxiety [22]. Given
the plausibility of these short-term effects of sedentary
behaviours on mood (i.e. distraction, CNS arousal,
sleep), it is likely that the cumulative effects of these
behaviours may further result in longer-term impacts
on anxiety risk. Alternatively, the link between sedentary behaviour and anxiety could be explained by poor
metabolic health. For example, research has shown
sedentary behaviour to be linked to an increased risk
of type 2 diabetes [3], a disease which is subsequently
associated with poor mental health [23]. On the other
hand, it could be hypothesised that those with mental
illness (e.g. anxiety) tend to engage in sedentary behaviour more than those without the illness.
Although research has indicated an inverse association
between physical activity and anxiety may exist [24–26],
currently the evidence regarding the association between
sedentary behaviour and anxiety is unclear. Thus, the
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aim of this systematic review is to investigate the association between sedentary behaviour and risk of anxiety
across the lifespan.

Methods
Search strategy

A structured electronic search (employing PRISMA reporting guidelines) of publication years from 1990 (through
November 2014) was conducted, since the 1990’s saw an
increase in sedentary behaviour levels of the population
with the widespread use of online technology [27]. Databases included: CINAHL complete, Medline/Medline
complete, PsychARTICLES, Psychology, and Behavioral
Sciences Collection, PsychINFO, and SPORTDiscus. The
following search strings were used: (anxiety OR anxious
OR mental health OR mental illness) AND (sedentary
behav* OR sitting OR TV OR television OR computer
OR screen). These strings were further limited to peerreviewed publications written in English. First, title, and
abstracts of articles identified in the search process were
assessed for suitability. Second, full-text articles were
retrieved, and assessed for inclusion. Third, reference
lists from retrieved full-text articles were searched.
Additional records were identified through other sources
(i.e. Authors own bibliographic library).
Study selection criteria

For the purpose of this review, risk of anxiety was defined
as either the likelihood of developing or experiencing an
anxiety disorder or non-clinical anxiety symptoms. Studies
were considered eligible if they: (1) examined ‘healthy’ children, adolescents, or adults (i.e. those who were not patients suffering from underlying chronic physical conditions
that may confound results); (2) examined risk of anxiety
specifically; (3) assessed screen-based sedentary behaviour
or sitting time; (4) and involved a cross-sectional, longitudinal, or experimental study design. However, only intervention studies which primarily show the relation between
sitting and anxiety (i.e. not just the effect of an intervention
on anxiety) were eligible to be included. Conference abstracts, dissertations, theses, and articles published in nonpeer-reviewed journals were not included for review.
Data extraction

Key study characteristics of the identified studies were
extracted including: the country of origin, size/source of
study population, study design, domain (e.g. leisure time
sitting, occupational sitting, total sitting), measures used,
indicator of sedentary behaviour (e.g. computer use, television viewing, screen time, sitting), and study results in
terms of the association between sedentary behaviour
and risk of anxiety.
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Methodological quality

A modified version of an eight-component rating scale
[28] was used to determine methodological quality of
each study. The tool assesses eight methodological components of research studies including: selection bias (e.g.
response rate, representativeness), study design (e.g. cohort, RCT, etc.), confounders (e.g. controlling for confounders such as age, socio-economic position etc.),
blinding (e.g. awareness of group allocation, etc.), data
collection methods (e.g. valid, reliable), withdrawals, and
dropouts (e.g. percent providing full data), intervention
integrity (e.g. percent receiving intervention) and analyses (e.g. appropriateness of study design). In regards to
the observational studies that were assessed, the tool
was modified so that those studies were not scored on
1) the blinding component or 2) other interventionspecific criteria within any other components. Thus,
since only observational studies were included in this review, a maximum number of six components were
scored. Each of the components was given an overall
quality score of weak, moderate, or strong. If a component was not described, authors of those studies were
attempted to be contacted to provide this information.
In the instance that authors of those studies did not respond, the (undescribed) component was given a weak
rating. Once each component was rated, an overall study
rating of weak (if ≥2 of the components were scored
weak), moderate (if <3 components were scored strong
with no more than one weak score), or strong (if ≥3
components were scored strong) was given to each
study. Two reviewers (SAC and KP) independently
assessed the methodological quality of studies meeting
the inclusion criteria. Scoring discrepancies were resolved via consensus and inter-rater reliability was calculated using percentage agreement.
Best-evidence synthesis

In order to draw conclusions on the association between
sedentary behaviour and anxiety risk with regards to the
methodological quality of studies, a best-evidence synthesis was conducted, which was based on previous systematic reviews in the area of sedentary behaviour and
health outcomes [7, 11]. As such, three levels of evidence considered:
1. Strong evidence: defined as consistent (i.e. at least
75 % of studies show results in same direction)
results in ≥2 high quality studies
2. Moderate evidence: defined as consistent results
in one high quality study and at least one weak
quality study; or consistent results in ≥2 weak
quality studies
3. Insufficient evidence: defined as having only one
available study; or inconsistent results in ≥2 studies.
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Results
Literature searching yielded 983 studies (see Fig. 1). A
total of 71 duplicates were removed and thus 912 studies
were screened by title. After further screening of abstracts (n = 177) and full papers (n = 42) a total of nine
studies were included in the review (see Table 1). Most
studies employed a cross-sectional study design (7/9)
and two a longitudinal design. Samples sizes ranged
from 189 [29] to 13,470 [30]. Descriptive characteristics
of the nine studies are outlined in Table 1. A total of
two studies included children/adolescents [30, 31], seven
included adults [29, 32–36] and one longitudinal study
examined adolescents with follow-up conducted during
adulthood [37]. Most studies (7/9) measured sedentary
behaviour using self-report methods such as the Global
Physical Activity Questionnaire [35] or a modified version of the International Physical Activity Questionnaire
[33]. Of those studies that utilised self-report measures,
two measured screen-based entertainment (i.e. television/computer use/electronic game use) [31, 34], two examined sitting (either occupational sitting [33] or overall
sitting [35]), one examined television viewing [29], one
compared television viewing, computer use, and overall
screen time [32], whilst one study compared six different
forms of sedentary behaviour (total sitting, sitting at the
computer, sitting watching television, transport-related
sitting, work-related sitting, leisure-time sitting) [36].
Only one study utilised objective measures of sedentary
behaviour (i.e. overall sitting time) using accelerometers
[37], and one study used parent (proxy) report of
screen-based entertainment [30]. Risk of anxiety (i.e.
anxiety symptoms) was measured using various selfreport measures including the Screen for Child Anxiety
Related Emotional Disorders (SCARED) [31], the Behavioral Risk Factor Surveillance Survey [29], the Kessler
Psychological Distress Scale (K10) [33], the General
Health Questionnaire (GHQ-12) [35], the depression,
anxiety and stress scale [36] and the Achievement Motivation Test (AMT) [37]. Interview methods were used
in one study which utilised the Composite International
Diagnostic Interview (CIDI) to determine presence of
anxiety disorder [32], whilst a parent (proxy) report
measure of the Strengths and Difficulties Questionnaire
(SDI) (which specifically examined the Emotional Symptoms subscale [EM], an indicator of anxiety) was utilised
in one other study [30] (Table 1).
Methodological quality
Methodological quality scores are provided in Table 1.
Initial agreement between reviewers was 90 % (K = 0.82)
on the items. Overall, one cross-sectional study [31]
demonstrated a strong methodological quality, five
cross-sectional studies [30, 33–36] demonstrated a
moderate methodological quality and three studies
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Fig. 1 Flow of study selection through the phases of the review

(two cross-sectional [29, 32], one longitudinal [37]) received a weak methodological quality rating. All of the
studies were missing essential information regarding
the methodological quality. For example, only three
studies included reliable and valid measures for both
sedentary behaviour and anxiety [33, 36, 37], and only
two studies demonstrated a high retention rate (i.e.
80-100 %) [31, 34]. Further detail of the scoring of
methodological quality of each study is provided in
(see Additional file 1: Table S2).
Main findings

Of the 9 studies included in this review, five (four crosssectional [29, 31, 33, 35], one longitudinal [37]) found a
positive association between sedentary behaviour and
risk of anxiety (i.e. increased sedentary behaviour was
linked to increased risk of anxiety). One longitudinal
study [34] found no association between sedentary behaviour and risk of anxiety. One cross-sectional study
found both inverse and null associations between sedentary behaviour and risk of anxiety [30] (dependent on
the target group examined), whilst two cross-sectional
studies [32, 36] found both positive associations and null
associations (dependent on the sedentary behaviour

examined). Since one strong- [31], three moderate- [33,
35, 36] and three weak-quality studies [29, 32, 37] demonstrated at least one positive relationship between
sedentary behaviour and anxiety risk, based on the bestevidence synthesis, there was moderate evidence for the
overall relationship between sedentary behaviour and
anxiety risk.
Sitting time

A total of five studies (four cross-sectional, one longitudinal) examined the association between overall sitting
time and risk of anxiety [29, 33, 35–37] in adults, with
all but one [29] finding a positive association between
sitting time and anxiety risk. Although the longitudinal
study by Uijtdewilligen and colleagues [37] demonstrated this positive association, the direction of this
relationship indicated that anxiety symptoms during
adolescence were predictive of sitting time in adulthood.
Furthermore, Rebar et al. found that although transportrelated and overall sitting time were associated with
higher risk of anxiety, sitting time undertaken for work
purposes or during leisure time were not associated with
anxiety risk [36]. Based on the consistent findings of the
three moderate- [33, 35, 36] and one weak-quality [37]

Paper

Study details

Domain

Anxiety indicator

Sedentary behaviour indicator

Association

Methodological
quality score

Cao et al. (2011)
China [31]

Cross sectional

Leisure time

The 41-item Screen

Self report open ended question
regarding TV & computer use
(hrs per day)

+

Strong

de Wit et al. (2011)
The Netherlands [32]

Cross sectional

Self report TV & computer use
in leisure time

Total screen = +

Weak

5003 junior high school
students (11–16 years)

Cross sectional

Griffiths et al. (2010)
UK [30]

Cross sectional

Rebar et al. (2014)
Australia [36]

Leisure time

2353 (1701 with current
diagnosis, 652 controls)
adults aged 18-65

Granner et al. (2010)
USA [29]

Kilpatrick et al. (2013)
Australia [33]

for Child Anxiety Related Emotional
Disorders (SCARED)

189 African American and
Caucasian adult women
aged 18–60 yrs

Interview (CIDI, WHO version 2.1)

Total daily - including Question from Behavioral Risk Factor
occupational, leisure
Surveillance Survey asking “number of
time, and travel
days last month felt worried, tense,
anxious”

Self report TV, and sitting away
from home, at work, drive, and
at work (data from Nurses
Health Study)

TV = +

Leisure time

Strengths and Difficulties
Questionnaire (SDQ)

Proxy report of TV, computer
use, and electronic games

Girls = −

Occupational

Kessler Psychological Distress
Scale (K10)

Self report modified from IPAQ
for occupational sitting time

+

Moderate

Self report 10-item Workforce
Sitting

Total SB = +

Moderate

Questionnaire

Transport SB = +

3367 state government
adult employees (mean
age 46.2 yrs)
Cross sectional
1104 Australian adults
(mean age 58 years)

TV = +
Computer = 0

13,470 5 yr old children
Cross sectional

Composite International Diagnostic

Total daily – including 21-item depression, anxiety, and
occupational, leisure
stress scale
time, and travel

Weak

Total sitting = 0
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Table 1 Studies investigating the association between sedentary behaviour and anxiety risk

Moderate

Boys = 0

Computer = +

Work sitting = 0
Leisure sitting = 0TV
=0
Sanchez-Villegas et al.
(2008) Spain [34]

Longitudinal

Leisure time

10,381 adult University
graduates
(7991 with data on SB)

Sloan et al. (2013)
Singapore [35]

Cross sectional
4337 Singapore citizens
aged 18–79 yrs

Participants were asked: Have
you ever been diagnosed of
anxiety by a health

Self report sedentary index
(TV & computer use)

0

Moderate

Self report global physical
activity questionnaire (daily
sitting time)

+

Moderate

professional?
Total daily - including General Health Questionnaire-12
(GHQ-12)
occupational, leisure
time, and travel
Achievement Motivation Test (AMT)
assessed achievement motivation,
facilitating anxiety, debilitating
anxiety, and social desirability

Objective data using accelerometers +
(total sedentary time)

Weak
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Uijtdewilligen et al. (2011) Longitudinal
Total daily - including
The Netherlands [37]
all domains
217 participants followed from
adolescence to adulthood
(age 13 to 42 years)
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studies, the best-evidence synthesis demonstrated there
was moderate evidence for the positive relationship between sitting time and anxiety risk.
Screen-time (i.e. combined TV, computer and/or
electronic games)

A total of four studies (three cross-sectional, one longitudinal) examined the relationship between screen-time
and risk of anxiety [30–32, 34]. Of those, two crosssectional studies (one in a sample of adolescence and
one in adults) showed a positive association between
screen-time (i.e. combined TV and computer use) and
anxiety risk [31, 32]. More specifically, Cao and colleagues [31] showed that high school students who spent
more than 2-hours a day engaged in screen-based behaviours were 36 % more likely to experience anxiety symptoms than those who engaged in less than 2-hours a day.
In contrast, one cross-sectional study [30] showed an inverse association between screen-time (i.e. combined
TV, computer, and electronic games use) and anxiety
risk amongst 5-year old girls (results were not significant
for boys). Those findings suggested that girls who spent
less than 2-hours in screen-based entertainment were
more likely to suffer symptoms related to anxiety. However, Sanchez-Villegas et al. [34] found no association
between self-reported TV/computer use time and anxiety (defined as previous or current diagnoses of anxiety
from a health professional). Based on the inconsistent
findings of the one strong- [31], two moderate- [30, 34]
and one weak-quality [32] studies, there was insufficient
evidence for the relationship between screen time and
anxiety risk.
Television viewing

Three cross-sectional studies amongst adults examined
the relationship between television viewing and risk of
anxiety [29, 32, 36]. Two of those studies showed positive associations [29, 32], suggesting that television viewing was associated with an increased likelihood of
anxiety symptoms. However, based on the inconsistent
findings of the one moderate- [36] and two weak-quality
[29, 32] studies, there was insufficient evidence for the
relationship between television viewing and anxiety risk.
Computer use

Two cross-sectional studies investigated the association
between computer use and risk of anxiety in adults [32,
36]. Although the moderate quality study by Rebar et al.
showed a positive association between sitting at the
computer and anxiety symptoms [36], the weak quality
study by de Wit et al. showed no significant associations
between the two factors [32]. However, that study included only a measure of computer use during leisuretime and thus it is not clear as to whether these results
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would remain similar for computer use undertaken for
work purposes. Based on these inconsistent findings
there was insufficient evidence for the relationship between computer use and anxiety risk.

Discussion
This is the first review to examine evidence regarding
the association between sedentary behaviour and risk of
anxiety. It is important to better understand this relationship as this information may help to inform the development of lifestyle change strategies for reducing the
risk of anxiety in different population groups. It is clear
from this review that the current body of evidence exploring the relationship between sedentary behaviour
and risk of anxiety is limited, with only nine studies currently been published. On the balance, however, most
studies (78 %) found at least one positive association between sedentary behaviour and anxiety risk [29, 31–33,
35–37]. In other words, there is moderate evidence suggesting that engaging in overall sedentary behaviour was
linked to an increased risk of anxiety. These findings are
similar to those found in previous reviews that have
assessed the relationship between sedentary behaviour
and other specific mental health outcomes such as depression [12]. However, in our review, based on the bestevidence synthesis and when considering the different types
of sedentary behaviour separately, moderate evidence was
found for the positive relationship between sitting time and
anxiety risk, whilst inconsistent evidence was found for the
relationship between screen time, television viewing time,
computer use, and anxiety risk.
There is currently limited insight into the underlying
mechanisms that may explain this positive relationship
between sedentary behaviour and anxiety risk. As
already discussed, plausible biological pathways may include central nervous system arousal [21], sleep disturbances [22] or poor metabolic health [23] resulting from
engagement in sedentary behaviour. Furthermore, drawing from previously suggested hypotheses that have been
used to explain the link between sedentary behaviour
and other mental disorders (i.e. depression), it could be
the displacement of physical activity when engaging in
sedentary behaviour that explains the relationship with
increased anxiety risk, since physical activity has been
shown to be beneficial in reducing anxiety in both children/adolescents [38] and adults [39]. Alternatively, the
link may be explained by a social withdrawal theory
which posits that engaging in prolonged sedentary behaviours, such as television viewing, may lead to social
solitude and withdrawing from interpersonal relationships which has been linked to increased feelings of social anxiety [40]. On the other hand, it may be that
those suffering anxiety symptoms are more inclined to
engage in sedentary behaviours as a means of coping
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with anxiety, as has been suggested in previous research
amongst adolescence with social physique anxiety [41].
In contrast, one cross-sectional study included in our
review [30] showed that sedentary behaviour was inversely associated with risk of anxiety in girls (i.e. those
who spent less than 2-hours in screen-based entertainment were more likely to suffer symptoms related to
anxiety). These findings may suggest that screen-based
entertainment could be beneficial for relieving/managing
anxiety symptoms in children. Alternatively, due to the
cross-sectional nature of the study, they may suggest
that children with higher levels of anxiety may be less
likely to engage in screen-based entertainment and perhaps more likely to engage in other non-screen based
sedentary activities such as reading/studying. There is a
small body of literature that suggests some forms of sedentary behaviour may in fact have a positive impact on mental
health, specifically depressive symptoms [42, 43], however,
further intervention and prospective studies are required to
determine the direction of the relationship between sedentary behaviour and anxiety symptoms.
All studies included in this review were limited by several methodological weaknesses. For example, most
studies (7/9) employed a cross-sectional study design
and therefore causality and/or direction of relationships
were unable to be determined. Secondly, self, or proxyreport measures of sedentary behaviour were utilised in
most (n = 8) studies with such measures increasing the
likelihood of recall problems and provision of socially
desirable responses and thus to overcome these limitations further research involving objective measures of
sedentary behaviour (e.g. accelerometers, posture monitors [i.e. activPALs]) is recommended. However, since
the relationship between sedentary behaviour and anxiety risk may be dependent on the domain/type of sedentary behaviour (an aspect of sedentary behaviour that
is not able to be measured using such monitors), a combination of both objective and subjective (e.g. self-report
surveys) methods is warranted. This further highlights
the need for the development of valid objective measures of sedentary behaviour which assess not only the
dose (e.g. frequency, duration) but also the domain (e.g.
leisure, work, transport), and context (TV viewing, computer use, tablet/smart phone use) in which these behaviours occur. Thirdly, only two studies [32, 36] compared
different types of sedentary behaviours and their relationship with anxiety risk and therefore we were unable
to clearly determine which specific sedentary behaviours
may be linked to anxiety. Further, since few studies used
the same method to define/assess sedentary behaviour,
and every study included a different measure of anxiety
symptoms, clear-cut conclusions were difficult to determine. Finally, given that anxiety, and depression are often
co-morbid disorders [44], it is difficult to disentangle the
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relationship sedentary behaviour has with anxiety alone
compared to comorbidity associations.
This review enhances the understanding of where the
field is at in terms of sedentary behaviour and anxiety
research. Although only limited evidence is currently
available on the association between sedentary behaviour
and risk of anxiety, on the balance this evidence suggests
a positive association may exist between overall sedentary behaviour (e.g. sitting time specifically) and anxiety
risk, whilst inconsistent evidence remains for other types
of sedentary behaviours (e.g. computer use, television
viewing, screen time), and their link with anxiety risk.
This review further highlights the need for more highquality longitudinal and intervention research to confirm
and disentangle cross-sectional research findings.
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