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ABSTRACT

Emerging evidence suggests the existence of ‘paradoxical’ relationships between domain-specific sedentary behavior (SB) and
health outcomes. This study assessed the associations of total and domain-specific SB, by pattern, with symptoms of mental
disorders in Saudi adults. Participants (n = 554) completed a web-based survey between January 18th, 2023 and February 5th,
2023. Total SB was measured by using the Sedentary Behavior Questionnaire. Total SB was then partitioned into leisure,
occupational, and commuting SB during weekdays and on weekend days. Symptoms of mental disorders including symptoms
of depression, anxiety, and stress were evaluated by using the DASS-21 questionnaire. Adjusted linear regressions estimated
associations of SB with these symptoms of mental disorders. Mann-Whitney tests compared these symptoms between Saudi
adults who accumulated excessive total SB (≥8 hours/day) and those who did not. The results showed that higher total and
leisure SB was associated with unfavorable symptoms of depression, anxiety, and stress (p < 0.05 for all). Paradoxically, greater
occupational SB on weekend days and commuting SB in weekdays favorably associated with depressive symptoms (p < 0.05 for
all). Saudi adults who accumulated excessive total SB had worse symptoms of mental disorders (p < 0.05 for all). In summary,
these findings provide evidence for the existence of the ‘Paradoxical Sedentary Behavior’ regarding depression. All SB is not
created equal. Interventions that aim at improving mental health should target not only excessive total SB, but also total and
domain-specific SB during the week and in weekdays and on weekend days while using individualized strategies.
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Introduction

Mental disorders such as depression, anxiety, and certain
types of stress are clinically significant psychological or
behavioral disturbances that occur in individuals, and it is
prevalent worldwide [1–3]. A robust meta-analysis
estimated that mental disorders are attributed to 14.3%
of global mortality (i.e., ~8 million deaths per year) [4].
Furthermore, it is projected that the global economic burden
of mental disorders will be 16.3 trillion US dollars between
2011 and 2030 [5]. Hence, efforts to reduce mental

disorders and its repercussions are critical to preserve lives
lost and global economy.

Of particular interest is the pervasiveness of mental
disorders in Saudi adults. A national investigation
discovered that 34% of Saudi adults have been diagnosed
with mental disorders during their lives [6]. This means that
2 out of 5 Saudi adults have been diagnosed with a mental
disorder such as depression and anxiety [6]. Shockingly,
80% of these diagnosed individuals do not receive treatment
[6]. Several factors have been suggested to impede access to
the treatments of mental disorders for Saudi adults,
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including high treatment cost, stigma associated with mental
disorders, and low perceived need [7–9]. As such, strategies
to overcome these barriers, as well as early prevention of
mental disorders and its risk factors are indispensable to
reducing the economic and health burdens of mental
disorders in Saudi Arabia.

Lifestyle modifications have been proposed as a potential
effective strategy to prevent and reduce the risk of mental
disorders. For instance, sedentary behavior (SB), which is
defined as any activity that occurs while seated, laying, or
reclining and has low energy expenditure [10], has emerged
as a significant risk factor for several chronic diseases,
including mental disorders, independent of physical
inactivity [11,12]. For instance, accumulating excessive SB
(≥8 hours/day) increases the risk of depression by 20% [13].
Importantly, the majority of the existing research examined
these associations by measuring total SB or SB in front of
screens only [11]. Whether the correlations observed differ
by other domain-specific SB (e.g., other leisure SB,
occupational SB, commuting SB) and patterns of SB (e.g.,
weekdays vs. weekend days) have been overlooked,
especially in Saudi adults. This knowledge gap is of clinical
significance because growing evidence suggests ‘paradoxical’
relationships between various domain-specific activities (e.g.,
leisure vs. occupational) and major risk factors for chronic
disease [14–17]. For example, leisure SB have been shown to
have detrimental associations, whereas occupational SB has
tended to have beneficial correlations with these risk factors
[15–17]. As such, clarification of the correlations between
domain-specific SB and mental disorders is essential to
boost advocacy efforts for mental disorders and maximize
its benefits in Saudi adults.

Therefore, the primary aim of this study was to evaluate
the associations of total and domain-specific (i.e., leisure,
occupational, and commuting) SB and its patterns with
symptoms of mental disorders, including depression,
anxiety, and stress, in Saudi adults. Based on previous
research that found leisure SB to be detrimental and
occupational SB to be beneficial for health outcomes [15–
17], it was hypothesized that total SB would be
detrimentally associated with these psychological indicators,
and that these relationships would be stronger for leisure SB
compared to other domain-specific SB. A secondary aim of
this study was to examine the relationships between
excessive total SB (≥8 hours/day) and these symptoms of
mental disorders. In comparison with a previous study that
revealed increased risk for mental disorders among those
who accumulate excessive total SB [13], it was hypothesized
that Saudi adults who accumulate excessive total SB per day
would have worse symptoms of depression, anxiety, and
stress compared to those who do not.

Materials and Methods

Study design
This anonymous, cross-sectional, web-based study targeted
Saudi adults. The decision to use the web-based method was
to: 1) ease the reach to more adults from various Saudi
regions, 2) overcome the cultural challenges to access Saudi
females, and 3) surmount the probable research fatigue (i.e.,

avoid participation) and/or COVID-19 phobia following
COVID-19 outbreak [18,19]. As such, the results of this
study may be more generalizable to the Saudi adult
population. Data was collected between January 18, 2023
and February 05, 2023. Microsoft online survey creator
(Microsoft Forms) was utilized to design a structured
questionnaire. The link to this questionnaire was shared
through the most popular social media platforms by adults
in Saudi Arabia (i.e., Twitter, Instagram, Snap Chat, and
WhatsApp) [20].

Measurements
The structure web-based questionnaire consisted of electronic
informed consent, measurements of potential confounders
(i.e., demographic, anthropometric, and socioeconomical
variables), SB assessments, and evaluations of psychological
states. Details of these measurements are as follows.

Demographic variables
All participants self-reported their age (years), biological sex
(i.e., female or male), the region of Saudi Arabia where they
currently live (i.e., central, western, eastern, southern,
northern, or did not report), current smoking status (i.e.,
current smoker or not a current smoker), if they have been
diagnosed with a chronic disease (i.e., yes or no), and if
they have been diagnosed with a psychological disease (i.e.,
yes or no).

Anthropometric variables
All participants also self-reported their body’s height in
centimeters (cm) and weight in kilograms (kg) according to
their last measurements. Body mass index (BMI) was then
calculated using these measures as follows: BMI = body’s
weight (kg)/body’s height (meter squared (m2)). Thereafter,
the BMI score was utilized to classify the participants into
the following categories: 1) obese (BMI > 30 kg/m2), 2)
overweight (BMI between 25 and 29.9 kg/m2), 3) healthy
weight (BMI between 18.5 and 24.9 kg/m2), and 4)
underweight (BMI < 18.5 kg/m2).

Socioeconomical variables
Furthermore, other important potential confounders were
reported by all participants including their marriage status
(i.e., single, married, divorced, or widower), if they had
children (i.e., yes or no), their highest earned degree (i.e.,
high school or less, diploma, bachelor, Master’s, or PhD),
their present occupation (i.e., governmental sector, private
sector, currently unemployed, retired, or student), and their
current monthly income in Saudi Riyals (i.e., less than
5,000, 5,000 to 10,000, 11,000 to 15,000, 16,000 to 20,000,
more than 20,000, or did not repot).

Sedentary behavior assessments
Total and domain-specific (i.e., leisure, occupational, and
commuting) SB were assessed by using the Arabic version of
the Sedentary Behavior Questionnaire (SBQ) [21,22]. This
instrument includes questions about time spent (hours/day)
in nine different SBs during a weekday, and then repeats the
same questions to measure time spent (hours/day) in these
SB on a weekend day (i.e., a total of 18 questions). These
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nine different SBs are listed as follows: 1) watching TV, 2)
playing computer or video games, 3) sitting and listening to
music, 4) sitting and talking on the phone, 5) doing
paperwork or computer work (office work, emails, paying
bills, etc.), 6) sitting and reading a book or magazine, 7)
playing a musical instrument, 8) doing artwork or crafts, and
9) siting and driving a car, bus, or train [21]. Data from
these questions were used to calculate total, leisure,
occupational, and commuting SB during a weekday or on a
weekend day [23] as described in the Suppl. Table S1.

Psychological states
The Arabic, short version of the DASS-21 questionnaire was
utilized to evaluate the current psychological states in Saudi
adults [24,25]. This instrument is a valid and reliable tool
that assesses three negative emotional states including
depression, anxiety, and stress [24,26]. This questionnaire
consists of 21 items of which a set of seven items are used
to measure one psychological state [26]. In other words,
each psychological state is evaluated by seven relevant items.
Each item can be scored from 0 to 3 points, and the sum of
these items is then multiplied by 2 to acquire the total score
for each scale (i.e., the score for each scale ranges from 0 to
14) [25,26]. As indicated in the psychometric properties
paper for the DASS-21, the reason for multiplying the total
score by 2 is to make the results comparable to the original
long-version DASS (DASS-42) [27]. The total score for each
scale can then be used to classify individuals for each
psychological symptom, into conventional severity labels as
follows: normal, mild, moderate, severe, or extremely severe
symptoms [26]. The depression scale measures
characteristics such as self-disparaging, pessimistic about the
future, or unable to experience enjoyment or satisfaction.
Whereas the anxiety scale measures characteristics such as
apprehensive, shaky, or worried about performance. The
stress scale, on the other hand, measures characteristics such
as tense, touchy, or easily startled.

Statistical Analysis

Raosoft calculator was utilized, as follows, to determine the
sample size needed for this study. First, the current Saudi
population was reported to be 35,013,424. Using the power
of 80% and confidence level of 95% with a margin of error
of 5%, at least 385 adults were required to represent the
Saudi population. Still, a higher sample size was attained to
enhance the generalizability of the study’s conclusions.

The demographic, anthropometric, and socioeconomical
variables as well as total SB for the participants were reported
as means and standard deviations or frequencies and
percentages, as appropriate. To check for potential outliers,
the first quartile, median, the third quartile, and
interquartile range were calculated. Afterward, the lower
(the first quartile - [1.5� interquartile range]) and upper
(the third quartile + [1.5� interquartile range]) fences were
determined [28]. Any points that were below or above the
calculated lower and upper fences were carefully checked
and omitted if they were not reasonable.

Then, multiple linear regression models were constructed
to assess the associations of total and domain-specific SB with

depression, anxiety, and stress as follows. First, these
relationships were assessed in unadjusted models (i.e.,
Model 1). Model 2 then assessed these associations while
adjusting for potential confounders including demographic
(i.e., age, sex, current smoking status, having chronic
diagnosed disease), anthropometric (i.e., age, BMI), and
socioeconomical (i.e., marriage status, having children,
current degree, occupations, and monthly income). For the
associations with domain-specific SB, further simultaneous
adjustment for leisure, occupational, and commuting SB was
performed. To evaluate the effect sizes for these associations,
Cohen’s d was calculated (β/the standard deviation of the
dependent variable), and the magnitude of the relationships
was determined as small (d = 0.2), medium (d = 0.5), or
large (d = 0.8).

Lastly, Mann-Whitney tests compared depression,
anxiety, and stress scores between Saudi adults accumulating
vs. not accumulating excessive total SB. To evaluate the
magnitude of the differences, the rank-biserial correlation
(rB) was used as follows: large if rB = .5, medium if rB = .3,
and small if rB = .1. Significant level was set as p-value <
0.05 for all statistical tests. All statistical analyses were
performed by using JASP software (JASP 0.15 Version).

Results

Participants (n = 3) who did not report their height and/or
weight, participants who had unreasonable BMI that was
below or above the fences of outliers (n = 4) were excluded
from the present analyses. Furthermore, participants (n = 1)
who reported total SB of >24 hours/day were also excluded
from the current analyses. The exclusion of these
participants (n = 8) was to avoid the effects of outliers or
potential problematic influential points. Moreover,
participants (n = 48) who reported being diagnosed with
psychological disorders (e.g., depression, bipolar) were
omitted from the present analyses. Therefore, the total
number of omitted participants from the current analyses
was n = 56.

Table 1 displays the general characteristics of the
included participants (n = 554). On average, they were 38.5
years old. More than half of these participants were male,
married, non-smokers with overweight or obesity but free
from reported chronic diseases. They also tended to be
highly educated, working in the governmental sector, and
from western region of Saudi Arabia. Importantly,
approximately 40% of these participants accumulated
excessive total SB (≥8 hours/day). Lastly, the majority of the
participants were classified into normal severity categories
for depression, anxiety, and stress symptoms (Suppl.
Table S1).

Table 2 presents the associations of total and domain-
specific SB with depression, anxiety, and stress scores in
Saudi adults. As it was hypothesized for the primary aim,
adjusted models found that higher total and leisure SB were
detrimentally associated with higher depression, anxiety,
and stress scores (p < 0.001 for all). Yet, these relationships
observed appeared slightly stronger for leisure SB as
compared to total SB. On the other hand, adjusted models
revealed that higher occupational or commuting SB did not

IJMHP, 2024, vol.26, no.1 13



associate with any of these psychological indicators (p > 0.05
for all). Noteworthy, the Cohen’s d values showed that the
magnitude of these effects were trivial (d = 0.03 to 0.09).

When the patterns of total and domain-specific SB were
considered (i.e., weekdays or weekend days separately), several
interesting ‘paradoxical’ associations emerged (Table 3).
During weekdays, adjusted models revealed that only higher
leisure SB was significantly correlated with higher anxiety
and stress scores (p < 0.05 for both). Paradoxically, higher
commuting SB was significantly associated with lower
depression score (p = 0.005). No other relationships were
observed during weekdays. On weekend days, adjusted
models found that higher total and leisure SB were
associated with higher anxiety score (p < 0.05 for both). In
contrast, higher occupational SB was related to lower
depression score (p = 0.025). No other associations were
detected on weekend days. Importantly, though the
relationships observed were statistically significant, Cohen’s
d indicated that the magnitudes of these effects ranged from
trivial to small (d = 0.03 to 0.14).

Table 4 displays the differences in depression, anxiety,
and stress scores according to total SB level (i.e.,
accumulating vs. not accumulating excessive total SB). As it
was hypothesized for the secondary aim, Saudi adults who
engaged in excessive total daily SB had significantly worse
depression, anxiety, and stress scores compared to those
who did not (p < 0.05). The rank-biserial correlation
indicated that these differences ranged from small to mild
magnitudes (rB = 0.11 to 0.15).

Discussion

This study was the first to uniquely examine the associations
of the domain-specific patterns of SB with symptoms of
mental disorders in Saudi adults. Higher amounts of total
and leisure SB were deleteriously associated with symptoms

TABLE 1

Participant characteristics (n = 554)

Characteristic Mean (SD)/n (%)

Age 38.5 ± 10.3

BMI (kg/m2) 27.8 ± 5.3

BMI category

Obese (>30 kg/m2) 173 (31.2%)

Overweight (25 to <30 kg/m2) 206 (37.2%)

Healthy weight (18.5 to
<25 kg/m2)

160 (28.9%)

Underweight (<18.5 kg/m2) 15 (2.7%)

Sex

Male 342 (61.7%)

Female 212 (38.3%)

Marriage status

Single 94 (17.0%)

Married 437 (78.9%)

Divorced 20 (3.6%)

Widower 3 (0.5%)

Has children

Yes 408 (73.6%)

No 146 (26.4%)

Highest degree

High school or less 64 (11.6%)

Diploma 34 (6.1%)

Bachelor 351 (63.4%)

Master’s 66 (11.9%)

PhD 39 (7.0%)

Occupational sector

Governmental sector 277 (50.0%)

Private sector 106 (19.1%)

Currently unemployed 93 (16.8%)

Retired 44 (8.0%)

Student 34 (6.1%)

Monthly income (Riyal Saudi)

Less than 5,000 138 (25.0%)

5,000 to 10,000 111 (20.0%)

11,000 to 15,000 182 (32.9%)

16,000 to 20,000 65 (11.7%)

More than 20,000 50 (1.4%)

Did not report 8 (9.0%)

Region of Saudi Arabia

Central 72 (13.0%)

Western 445 (80.3%)

Eastern 14 (2.5%)

Southern 11 (2.0%)

Northern 10 (1.8%)

Did not report 2 (0.4%)

(continued)

Table 1 (continued)

Characteristic Mean (SD)/n (%)

Currently smoking

Yes 132 (23.8%)

No 422 (76.2%)

Chronic disease

Yes 90 (16.2%)

No 464 (83.8%)

Total SB (hour/day) 7.6 ± 4.3

Excessive total SB (≥8 hour/day)

Yes 221 (39.9%)

No 333 (60.1%)

Depression score 10.6 ± 8.5

Anxiety score 8.5 ± 7.4

Stress score 13.0 ± 8.8
Note: BMI, body mass index; kg/m2, kilogram per meter squared; SB,
sedentary behavior.

14 IJMHP, 2024, vol.26, no.1



of depression, anxiety, and stress in Saudi adults. Though high
total SB unfavorably correlated to these symptoms, high
leisure SB had stronger associations. The current novel
findings suggest the existence of ‘the Sedentary Behavior
Paradox’ with regards to mental disorders, specifically with
depression, in adults. Total and leisure SB may be
detrimental, while occupational and commuting SB may be
beneficial for the symptoms of depression, particularly when
the pattern (i.e., weekdays vs. weekend days) of SB is taken
into consideration. Remarkably, the present results also
found statistically significant relationships between excessive
total SB and these symptoms of mental disorders.
Specifically, Saudi adults (2 out of 5 individuals) who
accumulated excessive total SB (≥8 hours/day) had
significantly worse symptoms of depression, anxiety, and
stress compared to those who did not accumulate excessive
total SB.

Associations of SB with the symptoms of depression
A recent overview of systematic reviews proficiently
synthesized the literature on the associations of SB with
depression in American, European, and Australian adults
[29]. It was demonstrated that high total SB and TV
watching adversely correlated with depression and
symptoms of depression, while high internet- and
computer-based SB had favorable associations [29]. These
findings suggest that the correlations between SB and
depressive symptoms appear to be context-dependent.
Further adding to this evidence, the present study observed
that the associations of SB with symptoms of depression
may also be domain- and pattern-dependent in a more
complex fashion. It was determined that only high total and
leisure SB had significant unfavorable associations with the
depressive symptoms in Saudi adults. Nonetheless, when the
pattern (i.e., weekdays and weekend days) of SB was

considered, these associations were slightly attenuated and
occupational SB on weekend days and commuting SB
during weekdays were significantly associated with favorable
depressive symptoms.

Although well-defined explanations for the paradoxical
associations observed between domain-specific SB and
symptoms of depression are not yet established, a few
theoretical mechanisms were speculated. First, time spent in
leisure SB is likely to displace time spent in moderate to
vigorous intensity physical activity, which is an activity that
mainly occurs during leisure time and has noticeable
benefits for depression and depression symptoms [30,31].
Furthermore, leisure SB is likely to be prolonged bouts [16]
and comprise socially isolated behaviors (e.g., TV watching,
playing video games), which may promote negative
emotions such as depression [32]. On the other hand,
mentally active SB such as work-related tasks while
sedentary or driving a car may prevent or delay the onset of
depression by promoting the awareness of autonomy and
achievement and social interactions [33]. In agreement with
other health outcomes [15,16], there is accumulating
evidence that suggests the existence of ‘paradoxical’
relationships between SB and depression which may be
context-, domain-, and pattern-dependent. As such, lifestyle
interventions should be carefully constructed, and
personalized strategies may be warranted to address the
impacts of SB on depression in adults.

Associations of SB with the symptoms of anxiety
A handful of studies have evaluated the associations of SB with
anxiety in adults. The results of these studies were recently
summarized in a systematic review and meta-analysis [34].
It was demonstrated that total SB correlated to the risk of
anxiety in adults (OR = 1.42 (95% CI: 1.25, 1.61)).
Importantly, the detrimental relationships observed were

TABLE 2

Associations of total and domain-specific SB with depression, anxiety, and stress scores

Variables Model Total SB Leisure SB Occupational SB Commuting SB

B ± SE (p-value) d B ± SE (p-value) d B ± SE (p-value) d B ± SE (p-value) d

Depression 1 0.282 ± 0.084
(<0.001)

0.03 0.617 ± 0.113
(<0.001)

0.07 0.099 ± 0.020 (0.636) 0.01 −0.551 ± 0.241
(0.023)

0.06

2 0.291 ± 0.089 (0.001) 0.03 0.570 ± 0.118
(<0.001)#

0.07 -0.068 ± 0.243
(0.781)#

0.01 −0.531 ± 0.286
(0.063)#

0.06

Anxiety 1 0.396 ± 0.071
(<0.001)

0.05 0.665 ± 0.096
(<0.001)

0.09 0.155 ± 0.181 (0.391) 0.02 0.088 ± 0.209 (0.675) 0.01

2 0.431 ± 0.078
(<0.001)

0.06 0.629 ± 0.103
(<0.001)#

0.09 0.075 ± 0.211
(0.724)#

0.01 −0.046 ± 0.248
(0.855)#

0.01

Stress 1 0.412 ± 0.086 (0.078) 0.05 0.699 ± 0.116
(<0.001)

0.08 0.412 ± 0.215 (0.056) 0.05 0.030 ± 0.018 (0.271) 0.00

2 0.451 ± 0.091
(<0.001)

0.05 0.641 ± 0.121
(<0.001)#

0.07 0.282 ± 0.249
(0.257)#

0.03 −0.191 ± 0.292
(0.513)#

0.02

Note: d, Cohen’s d; SB, sedentary behavior. Bold indicates significant associations (p < 0.05).
Model 1 is a crude model.
Model 2 is with adjustment for confounders including demographic (i.e., age, BMI, and sex), socioeconomical (i.e., marriage status, having children, current
degree, occupations, and monthly income), and health-related (i.e., current smoking and health status) factors.
#indicates models simultaneously adjusting for leisure, occupational, and commuting SB in addition to the confounders.
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stronger for total sitting time as compared to TV watching (a
common leisure SB) or screen time (OR = 1.61, 1.46, and 1.37,
respectively) [34]. Adding to these findings, the present study
detected significant linear and deleterious correlations only
between total and leisure SB with the symptoms of anxiety
in Saudi adults. When the pattern (i.e., weekdays vs.
weekend days) of SB was taken into consideration, total SB
on weekend days and leisure SB both during weekdays and
on weekend days were adversely associated with the anxiety
symptoms. In contrast to depression, the accrued evidence
does not support the existence of the ‘paradoxical’
relationships between SB and anxiety in adults. Instead, SB
generally appears to have unfavorable associations with
anxiety. Therefore, lifestyle interventions to reduce anxiety
in adults should target all forms of SB, but more attention
should be given to total and leisure SB to maximize the
benefits.

Associations of SB with symptoms of stress
A recent systematic review which included twenty-six studies
also consolidated the literature on the correlations between SB
(i.e., total SB, sitting time, TV watching, and computer use)
and stress in American, European, Australian, or south
Korean adults [35]. The best synthesized evidence suggested
either insufficient evidence or strong evidence for no
relationships between different SBs and indicators of stress
[35]. In contrast, the current study observed significant
associations of total and leisure SB with the symptoms of
stress in Saudi adults. These correlations were stronger for
leisure SB compared to total SB, particularly during weekdays.

The discrepancies between the present and previous
investigations on the associations of SB with stress and its
symptoms may be explained by the following: 1) differences
in the instruments used to measure SB (e.g., single- or
multiple-item questionnaires or accelerometers), 2) utilized
stress indicators (e.g., single-, 21-, 51-item self-report tools
or hair or salivary cortisol), or 3) samples characteristics
(e.g., young or middle-age adults, only females or mix sexes)
[35]. For example, studies that used a single-item
instrument (e.g., the Short Version of International Physical
Activity Questionnaire) likely underestimated SB compared
to studies that employed objective tools (e.g.,
accelerometers) or a multiple-items instrument (e.g., the
SBQ) [36] leading to underestimation of the associations
between SB and stress. Likewise, whereas studies which
utilized objective devices (e.g., accelerometer) captured
overall SB [35,36], studies that used self-reported

questionnaires (e.g., the SBQ) estimated only several types
of SB [35,36], potentially contributing to different
conclusions of the associations between SB and stress. Thus,
further studies that examine the role of domain and pattern
of SB with different stress indicators in a variety of
populations while considering such limitations are
warranted to acquire more thorough conclusions about the
correlations between SB and stress in adults.

Associations of excessive total SB with depression, anxiety, and
stress
Previous reports have revealed that the economic burden of
excessive total SB (≥8 hours/day) on Finnish and Canadian
economy to be 1.47 and 1.62 billion US dollars/year,
respectively [37,38]. Of particular relevance, a recent
systematic review and meta-analysis also found that
individuals who accumulated ≥8 hours/day of total SB had a
20% higher risk of depression [13]. In line with these
reports, the present study detected statistically significant
differences in the symptoms of depression, anxiety, and
stress when comparing Saudi adults who accumulated vs.
did not accumulate ≥8 hours/day of total SB. Together, the
existing evidence indicates the aggravated negative impacts
of excessive total SB on the economy as well as physical and
mental health [37–40]. Therefore, evidence-based
interventions that aim at reducing excessive total SB are
encouraged not only to preserve the economy, but also to
protect adult physical and mental health.

Clinical significance
Both mental disorders and SB are ubiquitous in Saudi Arabia
[6,41]. As a result, advocates for developing best practices and
public recommendations to combat mental disorders and SB
have been growing [6,41,42]. Though much advancement
regarding mental disorder has been engendered in Saudi
Arabia, much work remains, particularly in terms of the
associations of SB with mental disorders. To this end, the
current study sheds light into this important perspective.
Saudi adults who accumulate higher total and leisure SB
may have higher symptoms of depression, anxiety, and
stress. Yet, accumulating higher occupational or commuting
SB may reduce the depressive symptoms. As such, these
findings support governmental endeavors to decrease SB
[41] and propose Saudi physiatrists, psychological
researchers, and interventionists to target not only excessive
total SB, but also total and domain-specific SB during the
week and weekdays and on weekend days while using

TABLE 4

Comparisons of depression, anxiety, and stress scores between Saudi adults with vs. without excessive total SB

Variables Saudi adults with excessive SB
(≥8 hour/day) (N = 211)

Saudi adults without excessive SB
(<8 hour/day) (N = 333)

W test ( p-value) rB

Mean ± SD Mean ± SD

Depression 11.72 ± 9.15 9.86 ± 8.03 40873.5 0.027 0.111

Anxiety 9.64 ± 8.38 7.68 ± 6.51 41003.0 0.022 0.114

Stress 14.59 ± 9.47 12.01 ± 8.18 42462.5 0.002 0.154
Note: rB, The rank-biserial correlation, SB, sedentary behavior, W, Mann-Whitney test.
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personalized strategies to improve mental health in Saudi
adults.

Strengths and Limitations
The present study has several noteworthy strengths. It was the
first investigation to assess the role of SB domain and pattern
in the associations of SB with the symptoms of depression,
anxiety, and stress in Saudi adults. Moreover, the present
study provided novel evidence for the existence of the
‘paradoxical’ correlations between SB and depression. In
addition, to maximize the reach to a variety of Saudi
populations such as females and individuals from different
regions of Saudi Arabia, the sample recruitment was
performed by using the most common social media
platforms in Saudi Arabia [20]. Hence, the results of this
study are more generalizable to all Saudi adults.

Still, several limitations should be considered when
interpreting the present results. Though the web-based
research is valid, recommended, and has many advantages
[43], it is also prone to a few disadvantages, including self-
selection or response biases [44]. Thus, more robust
methods for data collection are warranted. Furthermore, a
self-report tool (i.e., the SBQ) was utilized in the current
study to measure SB. Although such instruments capture in-
depth details of SB that are usually challenging to obtain by
objective instruments alone, it is also prone to systematic,
random, or reporting errors that can result in
underestimation of SB [45]. Future research should use both
subjective and objective tools to draw more comprehensive
conclusions. Additionally, the current version of the SBQ
does not capture modern SB such as time spent using a
smartphone for social media use or internet browsing. These
types of SB have profound impacts on mental health [46].
Furthermore, the items utilized to estimate domain-specific
SB could overlap. For example, sitting and talking on the
phone or reading a book could be a large part of one's
workday and/or leisure time. As such, future studies should
consider developing new tools or updating the existing
instruments to address such limitations. This study also did
not measure or control for physical activity level, which is
known to affect mental health disorders [47]. Adjusting for
physical activity could have obscured or attenuated these
associations. Lastly, even though this study revealed
significant associations of SB with the symptoms of mental
disorders, the calculated effect sizes (i.e., rB and d) suggested
that these relationships were small to moderate (ranged
from 0.00 to 0.15). In other words, SB may have limited
effects on these mental disorders and may be less
meaningful as compared to other risk factors such as
physical activity and employment status [48].

Conclusion

The current study uniquely investigated the relationships
between domain and pattern of SB with symptoms of
mental health disorders in Saudi adults. Total and leisure SB
was consistently found to be adversely associated with
depressive, anxiety, and stress symptoms. Once the pattern
(i.e., weekdays vs. weekend days) of SB was considered,
occupational and commuting SB was found to be

beneficially associated with depressive symptoms in Saudi
adults. These results provide evidence for the existence of a
‘Sedentary Behavior Paradox’ regarding depression. As a
result, physiatrists, researchers, and interventionists should
bear in mind that all SBs are not created equal. Importantly,
reducing excessive total SB (≥8 hours/day) may preserve
Saudi economy as well as physical and mental health.
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Supplementary Materials

TABLE S1

Levels of depression, anxiety, and stress in Saudi adults (n = 554)

Variables Normal Mild Moderate Severe Extremely severe
n (%) n (%) n (%) n (%) n (%)

Depression 280 (50.6) 96 (17.3) 106 (19.1) 36 (6.5) 36 (6.5)

Anxiety 286 (51.6) 53 (9.6) 117 (21.1) 51 (9.2) 47 (8.5)

Stress 353 (63.7) 85 (15.3) 62 (11.2) 35 (6.3) 19 (3.4)
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