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Abstract: Background: Although sedentary behavior (SB) before and during COVID-19 has been
studied, mental activity-based SB patterns have been overlooked. This secondary analysis investi-
gated the patterns of mentally active vs. passive SB in adults post-COVID-19 pandemic and examined
sex differences. Methods: Adults (n = 1255; 45% males; 50% aged between 20 and 29 years old)
self-reported general characteristics, anthropometric and socioeconomic variables, and mentally
active and passive SB (weekdays and weekend days) using a structured web-based survey. Adjusted
ANCOVA on Ranks tests assessed differences between mentally active and mentally passive SB
during the day, on weekdays, and weekend days. Adjusted Quade Nonparametric ANCOVA tests
evaluated these differences in males vs. females. Results: Adults significantly spent greater time in
mentally active vs. passive SB (5.61 ± 4.57 vs. 2.50 ± 3.25; p < 0.001). Mentally active SB was more
prevalent on weekdays than on weekends (6.00 ± 5.00 vs. 5.00 ± 5.00; p < 0.001). No significant
difference was observed for mentally passive SB (p > 0.05). Males significantly accumulated more
mentally active SB compared to females (p < 0.001 for all). Females significantly spent more time in
mentally passive SB on weekdays than males (p < 0.05). Conclusion: Our results highlight the need
for individualized SB reduction strategies based on mental activity to obtain the most benefits of SB
reduction interventions and promoting overall health post-COVID-19 pandemic.

Keywords: post-COVID-19; lifestyle; mental activity; sedentary behavior; Saudi Arabia

1. Introduction

In March 2020, COVID-19, a respiratory disease caused by the coronavirus, was declared
a pandemic [1]. This disease has resulted in 6 million deaths globally [1]. The coronavirus
has not only invaded the respiratory system but also caused multiple health complications
such as impaired cognitive functions (e.g., impaired higher mental thinking skills) [2,3].
During the recovery phase, these impairments may persist [4] leading to what was coined
‘long-COVID’ [5], necessitating comprehensive health and lifestyle interventions.

During the COVID-19 pandemic, many governments have implemented restrictive
measures such as social distancing and lockdowns [6]. While these measures have helped
reduce the spread of the disease, they also have unfavorably altered physical behavioral
patterns in many populations [7]. For example, during the lockdowns, data showed a
decline in physical activity (PA) and an increase in sedentary behavior (SB), defined as
low-energy expenditure activity (i.e., ≤1.5 MET) during wakefulness in a seated, laying,
or reclining posture [7,8]. Notably, these changes have had greater impacts on females
compared to males (e.g., females accumulated more SB compared to males) [9]. As a result,
SB, in particular, was a major and feasible target during the COVID-19 pandemic [10].
Of significant importance, new research has revealed that the recent lifestyle reshaping
including low PA and high SB due to COVID-19 is likely to continue for several years [11].
Put together, it is crucial to assess the prevalence and pattern of SB post-COVID-19 pan-
demic to comprehensively understand the best SB reduction strategy to confront COVID-19
ramifications.
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To promote a healthy lifestyle during and possibly post-COVID-19, national and
international physical behavior recommendations were advocated [12–14]. Of particular
relevance, the Saudi government has launched the first 24-Hour Movement Guidelines for
adults in Saudi Arabia [15]; adults are recommended to reduce excessive SB during the
day by breaking prolonged sitting periods with light PA [15]. However, these guidelines,
as well as the international SB recommendations [16], do not specify the type of SB that
should be the main target to acquire the maximum health benefits [15]. Although it remains
overlooked, emerging evidence indicates that different types of SB appear to have varying
impacts on both mental and physical health [17,18]. For instance, SB that involves mental
activity (e.g., performing occupational tasks while sitting or reading a book) was correlated
to lower odds of being overweight and physically inactive whereas SB that does not involve
mental activity (e.g., TV viewing or sitting and listening to music) was found to associate
with higher odds of being overweight or physically inactive [19]. Furthermore, a recent
meta-analysis of twelve prospective studies revealed direct significant associations between
mentally passive SB (i.e., TV watching) and the risk of depression; yet no such association
was observed with mentally active SB (i.e., computer use) [20]. This distinct relationship
between different types of SB and healthy outcomes could have potential implications for
health measures during and post-COVID-19 [21]. Given that the lifestyle reshaping due to
COVID-19 such as increased time spent in SB is likely to persist post-COVID-19 [11], the
viewpoint of assessing SB based on mental activity becomes critical. Thus, it is important to
characterize and examine the patterns of SB based on mental activity to construct effective
SB reduction interventions for Saudi adults post-COVID-19 pandemic.

Therefore, this secondary analysis aimed to (1) determine the pattern of mentally active
vs. passive SB in adults post-COVID-19 pandemic and (2) compare the pattern of these
types of SB in male vs. female adults. It was hypothesized that mentally active SB would
be more prevalent compared to mentally passive SB, that mentally active SB would be
greater during weekdays compared to weekend days, and that mentally passive SB would
be greater on weekend days compared to weekdays. In addition, it was hypothesized that
females would generally accumulate more active and passive SB compared to males.

2. Materials and Methods
2.1. Study Design

This study was a secondary analysis of the Saudi Post-COVID-19 Sedentary Behavior
Study (SPSB) [22]. Briefly, the SPSB was a structured web-based, cross-sectional investi-
gation that aimed to determine the prevalence, patterns, and determinants of SB among
Saudi adults post-COVID-19 pandemic. SB data were collected by using a self-report
instrument (The Sedentary Behavior Questionnaire [SBQ]) between 2 December 2022 and
25 January 2023. The SBQ as well as standardized questionnaires to measure general
characteristics were distributed to potential participants via the (anonymous by the journal)
University’s emails and the most utilized social media platforms in Saudi Arabia (i.e., Snap
Chat, WhatsApp, Instagram, and X) [23].

2.2. Measurements
General Characteristics, Anthropometric and Socioeconomic Variables

The standardized questionnaires that were used in this study asked the respondents to
report their age (i.e., ≥50, 49 to 40, 39 to 30, or 29 to 20 years old), sex (i.e., male or female),
whether they were smoking (i.e., yes or no), and whether they were diagnosed with any
chronic disease (i.e., yes or no). Furthermore, these questionnaires asked the participants
to recall their last measured body weight (kilogram [kg]) and height (centimeter [cm]).
Then, the body mass index (BMI) was calculated as follows: BMI (kg/m2) = body weight
(kg)/body height (m2). In addition, information about the highest degree (i.e., diploma or
less, undergraduate, or postgraduate) and current occupation (i.e., employed, currently
unemployed, or student) was also collected by these questionnaires.
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2.3. Sedentary Behavior

The Arabic version of the SBQ [24–26] was used to assess time accumulated in mentally
active and passive SB. The SBQ consists of 18 SB questions (i.e., 9 questions for weekdays
and 9 questions for weekend days). It asked the participants to report time (h/day) spent
in the following SB on weekdays and on weekend days: (1) sitting and listening to music,
(2) watching TV, (3) playing computer or video games, (4) playing a musical instrument,
(5) sitting and reading a book or magazine, (6) doing artwork or crafts, (7) sitting and
talking on the phone, (8) doing paperwork or computer work (office work, emails, paying
bills, etc.), and (9) sitting and driving a car, bus, or train [24]. Using the framework for
classifying SB based on its type [27], sitting and listening to music and watching TV were
categorized as mentally passive SB because these do not require higher mental thinking
skills. On the other hand, the remaining 7 questions (i.e., playing computer or video games,
playing a musical instrument, sitting and reading a book or magazine, doing artwork or
crafts, sitting and talking on the phone, doing paperwork or computer work [office work,
emails, paying bills, etc.], and sitting and driving a car, bus, or train) were classified as
mentally active SB as they require higher mental thinking skills.

After classifying these SBs into active or passive SB, we estimated mentally active
SB (h/day) per weekday by aggregating time spent in mentally active SB on a weekday,
and mentally active SB (h/day) per weekend day by aggregating time spent in mentally
active SB on a weekend day. Then, we estimated the overall mentally active SB (h/day)
by using the following formula: (mentally active SB per weekday × 5) + (mentally active
SB per weekend day × 2)/7. Furthermore, we estimated mentally passive SB (h/day)
per weekday by summing time spent in mentally passive SB on a weekday, and mentally
passive SB (h/day) per weekend day by combining time spent in mentally passive SB on a
weekend day. Thereafter, we estimated the overall mentally passive SB (h/day) by utilizing
the following formula: (mentally passive SB per weekday × 5) + (mentally passive SB per
weekend day × 2)/7 [22].

2.4. Statistical Analyses

The original study calculated the sample size that was required to represent adults in
Saudi Arabia by utilizing the Raosoft calculator (Raosoft Inc., Seattle, WA, USA) [22]. It was
revealed that at least 385 adults were needed. However, the final number of the included
participants in the original study was 1255 adults. Data from all these participants were
used in the current secondary analysis. Therefore, this secondary analysis was statistically
well-powered to represent adults in Saudi Arabia.

The characteristics of these participants including age, sex, degree, occupation, current
smoking status, and chronic disease status were reported as frequencies and percentages or
means and standard deviations, as appropriate. Mentally active and passive SB (i.e., overall,
per weekday, and weekend day for both types of SB) were checked for normality and were
found to have non-normal distributions. As such, nonparametric test approaches were
implemented to evaluate the hypotheses of this secondary analysis as follows. First, all
outcome variables (SB variables) were rank-transformed using the ‘RANK’ function. Then,
ANCOVA on Ranks (ANCOVA-R) tests assessed differences between mentally active and
mentally passive SB during the day in adults while adjusting for confounders (i.e., age, sex,
BMI, degree, occupation, and chronic disease status) [28]. The same tests were also utilized
to compare mentally active and passive SB on weekdays vs. on weekend days while
controlling for the same confounders. Thereafter, Quade Nonparametric ANCOVA tests
evaluated differences between mentally active and mentally passive SB in male vs. female
adults while adjusting for confounders (i.e., age, BMI, degree, occupation, and chronic
disease status). In addition, the same tests were used to compare mentally active vs. passive
SB on weekdays vs. on weekend days by sex and controlling for the same confounders.
The rank-biserial correlation (rB) was used to assess the effect size for these differences
as follows: large if rB = 0.5, medium if rB = 0.3, and small if rB = 0.1. The SPSS software
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(SPSS 28.0 Version, SPSS Inc.) was utilized to perform these statistical analyses, and the
significant level was set as p-value < 0.05.

3. Results
3.1. Participants

Table 1 displays the general characteristics of the included participants in the current
analyses (n = 1225). These participants tended to be young-to-middle-age adults and about
half of them were females (55.0%). These participants also appeared to be healthy, highly
educated, either employed or student, and not current smokers.

Table 1. Participant characteristics (n = 1255).

Characteristic Mean (SD)/n (%)

BMI (kg/m2) 26.2 ± 6.7

Age

20 to 29 years old 633 (50.4%)

30 to 39 years old 318 (25.3%)

40 to 49 years old 194 (15.5%)

50 years old or older 110 (8.8%)

Sex

Male 565 (45.0%)

Female 690 (55.0%)

Degree

Diploma or Less 286 (22.8%)

Undergraduate 644 (51.3%)

Postgraduate 325 (25.9%)

Occupation

Employed 586 (46.7%)

Currently Unemployed 140 (11.2%)

Student 529 (42.1%)

Currently Smoking

No 1075 (85.7%)

Yes 180 (14.3%)

Chronic Disease

No 988 (78.7%)

Yes 267 (21.3%)

BMI; body mass index, kg/m2; kilogram per meter squared, SB; sedentary behavior.

3.2. Aim 1: Determine the Pattern of Mentally Active vs. Passive SB in Adults
Post-COVID-19 Pandemic

Table 2 and Figure 1 compare the patterns of mentally active vs. passive SB. As hy-
pothesized, Saudi adults significantly spent greater time in mentally active SB as compared
to mentally passive SB (∆ = 3.11 h/day; p < 0.05). These differences were more apparent on
weekdays as compared to weekend days. Furthermore, the participants accumulated more
time in mentally active SB on weekdays as compared to weekend days (∆ = 0.86 h/day;
p < 0.05). Importantly, the effect sizes for these differences observed ranged from medium
to large (rB = 0.40 to 0.78). However, no significant difference was observed for mentally
passive SB when comparing weekdays vs. weekend days (p > 0.05).
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Table 2. Comparisons of the patterns of mentally active vs. passive SB.

Type of SB M ± IQR ∆
Z
p rB

Mentally Active SB
(h/day) 5.61 ± 4.57

3.11 821.79
<0.001

0.78
Mentally Passive SB
(h/day) 2.50 ± 3.25

Mentally Active SB on a weekday
(h/day) 6.00 ± 5.00

3.75 851.15
<0.001

0.78
Mentally Passive SB on a weekday
(h/day) 2.25 ± 3.00

Mentally Active SB on a weekend day
(h/day) 5.00 ± 5.00

2.75 439.33
<0.001

0.67
Mentally Passive SB on a weekend day
(h/day) 2.25 ± 3.00

Mentally Active SB on a weekday
(h/day) 6.00 ± 5.00

1.00 42.71
<0.001

0.40
Mentally Active SB on a weekend day
(h/day) 5.00 ± 5.00

Mentally Passive SB on a weekday
(h/day) 2.25 ± 3.00

0.00 0.002
0.965

−0.07
Mentally Passive SB on a weekend day
(h/day) 2.25 ± 3.00

All ANCOVA-R tests were adjusted for age, sex, BMI, degree, occupation, and chronic disease status. IQR;
interquartile range, M; median, rB; the rank-biserial correlation, SB; sedentary behavior, p; p-value, Z; z statistics,
∆; the difference between the two types of SB.

Figure 1. Patterns of mentally active vs. passive SB. All ANCOVA-R tests were adjusted for age, sex,
BMI, degree, occupation, and chronic disease status. SB; sedentary behavior, **; p-value < 0.05.

3.3. Aim 2: Compare the Pattern of Mentally Active vs. Passive SB in Males vs. Females

Table 3 and Figure 2 compare the patterns of mentally active vs. passive SB by sex.
In contrast to our hypothesis, Saudi females and males accumulated comparable and not
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statistically significant time in mentally passive SB (∆ = −0.35 h/day; p = 1.01). Once the
type of the day of the week was classified into a weekday or weekend day, a significant
sex difference in mentally passive SB emerged such that males accumulated less mentally
passive SB on weekend days as compared to females (∆ = −1.00 h/day; p < 0.05). On the
other hand, Saudi males significantly spent more time in mentally active SB as compared
to Saudi females (∆ = 1.07 h/day; p < 0.05). These differences were larger on weekend days
as compared to weekdays. Notably, all these differences observed between sexes had small
effect sizes (rB = 0.06 to 0.17).

Table 3. Comparisons of the patterns of mentally active vs. passive SB by sex.

Variable Males
M ± IQR

Females
M ± IQR ∆

Z
p rB

Mentally Active SB
(h/day) 6.25 ± 4.57 5.18 ± 4.54 1.07 19.26

<0.001 0.14

Mentally Passive SB
(h/day) 2.29 ± 3.07 2.64 ± 3.25 −0.35 2.69

0.101 −0.08

Mentally Active SB per weekday
(h/day) 6.25 ± 5.25 5.50 ± 4.75 0.75 13.74

<0.001 0.12

Mentally Passive SB per weekday
(h/day) 2.00 ± 3.00 2.38 ± 3.25 −0.38 1.37

0.243 −0.06

Mentally Active SB per weekend day
(h/day) 5.50 ± 4.75 4.25 ± 5.00 1.25 29.41

<0.001 0.17

Mentally Passive SB per weekend day
(h/day) 2.00 ± 3.25 3.00 ± 3.44 −1.00 6.95

0.008 −0.11

All Quade Nonparametric ANCOVA tests were adjusted for age, BMI, degree, occupation, and chronic disease
status. IQR; interquartile range, M; median, rB; the rank-biserial correlation, SB; sedentary behavior, p; p-value,
Z; z statistics, ∆; the difference between males and females.

Figure 2. Patterns of mentally active vs. passive SB by sex. All Quade Nonparametric ANCOVA
tests were adjusted for age, BMI, degree, occupation, and chronic disease status. NS; not significant,
**; p-value < 0.05, SB; sedentary behavior.

4. Discussion

The current study examined the patterns of active versus passive SB in adults in Saudi
Arabia post-COVID-19 and explored whether these patterns vary by sex. As hypothesized,
the results uniquely revealed that adults in Saudi Arabia spent more time in mentally
active SB (e.g., doing work-related tasks) as compared to mentally passive SB (e.g., such
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as TV watching) post-COVID-19 pandemic. Moreover, large differences were observed
between mentally active and passive SB on overall week, weekdays, and weekend days,
ranging from 2.75 to 3.75 h. Whereas mentally active SB was more common on weekdays
than on weekends, with a difference of 1.00 h. On the other hand, it was found that the
patterns of mentally passive SB were not different when comparing weekdays vs. weekends.
Remarkably, apparent SB difference patterns were observed between males and females;
while males tended to engage in more mentally active SB, females spent more time in
mentally passive SB on weekend days. These findings highlight the need for individualized
SB reduction strategies based on mental activity for adults.

4.1. Comparison to the Literature: Aim 1

Before the COVID-19 pandemic, a few studies compared the patterns of different types
of mentally active and passive SB in adults. For instance, one study found that British adults
spent an average of 6.3 ± 1.8 h/day in mentally active SB, such as performing occupational
tasks while sitting, and 1.5 ± 1.2 h/day in mentally passive SB, such as TV viewing [29].
Another study reported that French adults engaged in an average of 4.2 ± 3.1 h/day in
mentally active SB (i.e., performing occupational tasks while sitting) and 2.2 ± 1.6 h/day
in mentally passive SB (i.e., TV viewing) [30]. In our current study, we uniquely revealed
that adults in Saudi Arabia spent a median of 5.61 ± 4.57 h/day in mentally active SB,
such as sitting and reading a book or doing paperwork, after the COVID-19 pandemic.
Additionally, they spent a median of 2.50 ± 3.25 h/day engaged in mentally passive SB,
such as watching TV or listening to music. In summary, though COVID-19 had significant
unfavorable impacts on SB globally, adults appear to consistently spend more time engaged
in mentally active SB than mentally passive SB, regardless of COVID-19.

Of clinical significance, a recent meta-analysis of prospective studies involving
128,553 adults revealed that mentally passive SB significantly increases the odds of de-
pression by 17%, independent of PA level [20]. In addition, the odds of being overweight
increase by 34% when accumulating a higher amount of mentally passive SB [19]. No
comparable negative associations were detected with mentally active SB [19,20]. Indeed, a
recent longitudinal study suggested that spending more time in mentally active SB was
significantly correlated to a lower risk of dementia [17]. These findings signify the impor-
tance of constructing SB interventions, particularly post-COVID-19 pandemic, based on
mental activity. As adults in Saudi Arabia spend ~31% (i.e., 2.50 h/day) of their daily SB
on mentally passive SB post-COVID-19 pandemic, researchers, policymakers, and decision-
makers may focus on reducing mentally passive SB to enhance overall health and address
the aftermath of COVID-19.

Notably, although we found that adults significantly accumulated greater time in
mentally active SB on weekdays compared to on weekend days, they spent comparable time
on mentally passive SB during both weekdays and weekend days. A possible explanation
for the difference in this pattern between weekdays and weekend days is that work-
related SB (i.e., a mentally active SB) significantly contributes to SB on weekdays and is
then potentially replaced with light PA on weekend days. [31]. On the other hand, the
opportunities to engage in mentally passive SB are similar on both weekdays and weekend
days. As such, interventions that aim at reducing SB in adults should target mentally
passive SB on both weekdays and weekend days. This approach is likely yield the greatest
physical and mental health benefits, although further empirical examination is needed to
confirm this hypothesis.

4.2. Comparison to the Literature: Aim 2

We also observed that male adults in Saudi Arabia engaged in more mentally active SB
and less mentally passive SB compared to female adults. These findings were in agreement
with a previous, population-based cross-sectional study of Latin Americans (n = 9218) [32];
Latin American male adults significantly spent greater time in mentally active SB (i.e., video
gaming and riding in an automobile) compared to Latin American female adults. On the
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other hand, another population-based study found that Brazilian female adults tended to
accumulate more time in mentally passive SB (i.e., TV viewing) compared to Brazilian male
adults [33]. Together, these findings indicate that there are sex differences in the patterns
of accumulating mentally active and passive SB. Therefore, it is essential to consider sex
when developing strategies to address SB patterns in public health initiatives. Interventions
aimed at reducing SB should be tailored not only according to mental activity levels but
also to sex groups.

4.3. Clinical Significance

Although the 24-Hour Movement Guidelines for adults in Saudi Arabia emphasize
reducing SB throughout the day during and after the COVID-19 pandemic [15], it does not
specify whether adults should limit mentally active and/or passive SB. Our study adds to
the growing body of research suggesting that engaging in mentally passive SB may have
negative impacts on various health outcomes. Our findings, which are the first of their kind,
indicate that adults in Saudi Arabia spent approximately 31% of their daily sedentary time
engaging in mentally passive SB after the COVID-19 pandemic. Our research revealed that
mentally passive SB is more prevalent in female adults (34%) as compared to male adults
(27%). Based on our findings, it is recommended that policymakers and decision-makers
focus on reducing mentally passive SB, particularly in female adults, to potentially derive
the maximum health benefits from SB reduction interventions post-COVID-19 pandemic.
This aligns with the current guidelines in this regard.

4.4. Strengths and Limitations

It is worth noting that the current study has certain strengths. For one, it was the first
investigation in Saudi Arabia to examine the patterns of accumulating SB based on mental
activity specifically in the post-COVID-19 pandemic era. Additionally, this study used a
large sample (n = 1255 individuals), which ensures the statistical power of our analyses
and improves the robustness of the study’s findings. Furthermore, we made use of the
most common social media platforms in Saudi Arabia to reach out to potential participants,
thereby increasing the study’s reach and enhancing the diversity of the study’s sample. [23].
Thus, our findings can be generalized to the adult population in Saudi Arabia who have
similar characteristics to our study’s sample.

Yet, several important limitations exist and should be considered when interpreting
our results. First, though this study was a population-based investigation, data were
collected by using an online survey. This type of study design is usually prone to a few
biases such as selection bias (i.e., where participants self-select to be included or not in
the study leading to over-representation or under-representation of a particular group of
the targeted population) [34]. Moreover, since participation in the study required internet
availability and usage, our results may not apply to those who lack access to internet
services. Lack of full attention and being easily disrupted while completing a web-based
survey were not checked and could be a confounder that could have affected the current
findings. In addition, because no existing objective devices currently can distinguish
between different SB based on mental activity, the use of self-report instruments is necessary.
Thus, mentally active and passive SB was estimated by using a self-report questionnaire
(i.e., SBQ) only, which is also prone to random, systematic, and/or reporting errors [35].
For example, individuals can have memory lapses where they can unintentionally forget
the exact number of hours spent in certain types of SB. Moreover, self-reported instruments
also usually underestimate time spent in SB [36]. Therefore, it is crucial to develop a more
factual approach and objective devices to measure mentally active and passive SB and
to implement it in research and clinical settings. Additionally, another limitation of this
study was that we measured mentally active and passive SB at only one interval (i.e.,
post-COVID-19). This limitation makes it difficult to comprehend whether the observed
patterns were due to the COVID-19 pandemic or not. Together, future research should
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account for these potential confounders and biases to attain more comprehensive and
stronger conclusions.

5. Conclusions

We uniquely assessed the patterns of mentally active vs. passive SB in adults in Saudi
Arabia post-COVID-19 pandemic and examined sex differences. Our results found that
adults generally spent more time engaged in mentally active SB compared to mentally
passive SB and this was more apparent during weekdays. Moreover, Saudi female adults
commonly spent greater time in mentally passive SB compared to Saudi male adults. In
summary, the current findings support the recent Saudi efforts to reduce SB, especially
post-COVID-19 pandemic [15]. Yet our results further highlight the need for individualized
SB reduction strategies based on mental activity for adults. This may help in obtaining the
most benefits of SB reduction interventions and promote overall health post-COVID-19
pandemic.

Author Contributions: The authors confirm contribution to the paper as follows: study conception
and design: A.B.A.; data collection: A.B.A.; analysis and interpretation of results: D.S.A. and A.B.A.;
draft manuscript preparation: D.S.A. and A.B.A. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted following the Declaration of Helsinki
and approved by the Institutional Review Board of King Saud University (No: KSU-HE-22-773).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are available upon request from the corresponding author.

Acknowledgments: The authors would like to thank the Researchers Supporting Project Number
(RSPD2024R587), King Saud University, Riyadh, Saudi Arabia.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Allan, M.; Lièvre, M.; Laurenson-Schafer, H.; de Barros, S.; Jinnai, Y.; Andrews, S.; Stricker, T.; Formigo, J.P.; Schultz, C.;

Perrocheau, A. The World Health Organization COVID-19 surveillance database. Int. J. Equity Health 2022, 21 (Suppl. S3), 167.
[CrossRef]

2. Al-Aly, Z.; Xie, Y.; Bowe, B. High-dimensional characterization of post-acute sequelae of COVID-19. Nature 2021, 594, 259–264.
[CrossRef] [PubMed]

3. Almeria, M.; Cejudo, J.C.; Sotoca, J.; Deus, J.; Krupinski, J. Cognitive profile following COVID-19 infection: Clinical predictors
leading to neuropsychological impairment. Brain Behav. Immun. Health 2020, 9, 100163. [CrossRef]

4. Hampshire, A.; Trender, W.; Chamberlain, S.R.; Jolly, A.E.; Grant, J.E.; Patrick, F.; Mazibuko, N.; Williams, S.C.R.; Barnby, J.M.;
Hellyer, P. Cognitive deficits in people who have recovered from COVID-19. EClinicalMedicine 2021, 39, 101044. [CrossRef]

5. Yong, S.J. Long COVID or post-COVID-19 syndrome: Putative pathophysiology, risk factors, and treatments. Infect. Dis. 2021, 53,
737–754. [CrossRef] [PubMed]

6. Koh, W.C.; Alikhan, M.F.; Koh, D.; Wong, J. Containing COVID-19: Implementation of early and moderately stringent social
distancing measures can prevent the need for large-scale lockdowns. Ann. Glob. Health 2020, 86, 88. [CrossRef] [PubMed]

7. Stockwell, S.; Trott, M.; Tully, M.; Shin, J.; Barnett, Y.; Butler, L.; McDermott, D.; Schuch, F.; Smith, L. Changes in physical activity
and sedentary behaviours from before to during the COVID-19 pandemic lockdown: A systematic review. BMJ Open Sport Exerc.
Med. 2021, 7, e000960. [CrossRef]

8. Katzmarzyk, P.T.; Powell, K.E.; Jakicic, J.M.; Troiano, R.; Piercy, K.; Tennant, B. Sedentary behavior and health: Update from the
2018 physical activity guidelines advisory committee. Med. Sci. Sports Exerc. 2019, 51, 1227. [CrossRef] [PubMed]

9. Maltoni, G.; Zioutas, M.; Deiana, G.; Biserni, G.B.; Pession, A.; Zucchini, S. Gender differences in weight gain during lockdown
due to COVID-19 pandemic in adolescents with obesity. Nutr. Metab. Cardiovasc. Dis. 2021, 31, 2181–2185. [CrossRef]

10. Zieff, G.; Bates, L.C.; Kerr, Z.Y.; Moore, J.B.; Hanson, E.D.; Battaglini, C.; Stoner, L. Targeting sedentary behavior as a feasible
health strategy during COVID-19. Transl. Behav. Med. 2021, 11, 826–831. [CrossRef]

https://doi.org/10.1186/s12939-022-01767-5
https://doi.org/10.1038/s41586-021-03553-9
https://www.ncbi.nlm.nih.gov/pubmed/33887749
https://doi.org/10.1016/j.bbih.2020.100163
https://doi.org/10.1016/j.eclinm.2021.101044
https://doi.org/10.1080/23744235.2021.1924397
https://www.ncbi.nlm.nih.gov/pubmed/34024217
https://doi.org/10.5334/aogh.2969
https://www.ncbi.nlm.nih.gov/pubmed/32775219
https://doi.org/10.1136/bmjsem-2020-000960
https://doi.org/10.1249/MSS.0000000000001935
https://www.ncbi.nlm.nih.gov/pubmed/31095080
https://doi.org/10.1016/j.numecd.2021.03.018
https://doi.org/10.1093/tbm/ibaa101


COVID 2024, 4 72

11. Sorrentino, A.; Leone, D.; Caporuscio, A. Changes in the post-COVID-19 consumers’ behaviors and lifestyle in Italy. A disaster
management perspective. Ital. J. Mark. 2022, 2022, 87–106. [CrossRef]

12. Ricci, F.; Izzicupo, P.; Moscucci, F.; Sciomer, S.; Maffei, S.; Di Baldassarre, A.; Mattioli, A.V.; Gallina, S. Recommendations for
physical inactivity and sedentary behavior during the coronavirus disease (COVID-19) pandemic. Front. Public Health 2020, 8, 199.
[CrossRef] [PubMed]

13. Bates, L.C.; Zieff, G.; Stanford, K.; Moore, J.B.; Kerr, Z.Y.; Hanson, E.D.; Barone Gibbs, B.; Kline, C.E.; Stoner, L. COVID-19 impact
on behaviors across the 24-hour day in children and adolescents: Physical activity, sedentary behavior, and sleep. Children 2020,
7, 138. [CrossRef]

14. Bull, F.C.; Al-Ansari, S.S.; Biddle, S.; Borodulin, K.; Buman, M.P.; Cardon, G.; Carty, C.; Chaput, J.-P.; Chastin, S.; Chou, R.
World Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br. J. Sports Med. 2020, 54, 1451–1462.
[CrossRef] [PubMed]

15. Alfawaz, R.A.; Aljuraiban, G.S.; AlMarzooqi, M.A.; BaHammam, A.S.; Alghannam, A.F.; Dobia, A.M.; Alothman, S.; Aljuhani, O.
The recommended amount of physical activity, sedentary behavior, and sleep duration for healthy Saudis: A joint consensus
statement of the Saudi Public Health Authority. Ann. Thorac. Med. 2021, 16, 239. [PubMed]

16. World Health Organization. WHO Guidelines on Physical Activity and Sedentary Behaviour. 2020. Available online: https:
//www.who.int/publications/i/item/9789240015128 (accessed on 20 October 2023).

17. Nemoto, Y.; Sato, S.; Kitabatake, Y.; Takeda, N.; Maruo, K.; Arao, T. Do the impacts of mentally active and passive sedentary
behavior on dementia incidence differ by physical activity level? A 5-year longitudinal study. J. Epidemiol. 2023, 33, 410–418.
[CrossRef]

18. Ringin, E.; Dunstan, D.W.; McIntyre, R.S.; Owen, N.; Berk, M.; Rossell, S.L.; Hallgren, M.; Van Rheenen, T.E. Differential
associations of mentally-active and passive sedentary behaviours and physical activity with putative cognitive decline in healthy
individuals and those with bipolar disorder: Findings from the UK Biobank cohort. Ment. Health Phys. Act. 2023, 24, 100514.
[CrossRef]

19. Kikuchi, H.; Inoue, S.; Sugiyama, T.; Owen, N.; Oka, K.; Nakaya, T.; Shimomitsu, T. Distinct associations of different sedentary
behaviors with health-related attributes among older adults. Prev. Med. 2014, 67, 335–339. [CrossRef]

20. Huang, Y.; Li, L.; Gan, Y.; Wang, C.; Jiang, H.; Cao, S.; Lu, Z. Sedentary behaviors and risk of depression: A meta-analysis of
prospective studies. Transl. Psychiatry 2020, 10, 26. [CrossRef]

21. Hallgren, M.; Owen, N.; Stubbs, B.; Vancampfort, D.; Lundin, A.; Dunstan, D.; Bellocco, R.; Lagerros, Y.T. Cross-sectional and
prospective relationships of passive and mentally active sedentary behaviours and physical activity with depression. Br. J.
Psychiatry 2020, 217, 413–419. [CrossRef]

22. Alansare, A.B. Post-COVID-19 Total and Domain-specific Sedentary Behaviors in Saudi Adults. Am. J. Health Behav. 2023, 47,
765–776. [CrossRef]

23. Alkhaldi, R.; Alsaffar, D.; Alkhaldi, T.; Almaymuni, H.; Alnaim, N.; Alghamdi, N.; Olatunji, S.O. Sentiment analysis for cruises in
Saudi Arabia on social media platforms using machine learning algorithms. J. Big Data 2022, 9, 21.

24. Rosenberg, D.E.; Norman, G.J.; Wagner, N.; Patrick, K.; Calfas, K.J.; Sallis, J.F. Reliability and validity of the Sedentary Behavior
Questionnaire (SBQ) for adults. J. Phys. Act. Health 2010, 7, 697–705. [CrossRef] [PubMed]

25. Alahmadi, M.A.; Almasoud, K.H.; Aljahani, A.H.; Alzaman, N.S.; Al Nozha, O.M.; Alahmadi, O.M.; Jalloun, R.A.; Alfadhli,
E.M.; Alahmadi, J.M.; Zuair, A.A.; et al. Validity and reliability of the Arabic sedentary behavior questionnaire among university
students aged between 18–30 years old. BMC Public Health 2023, 23, 128. [CrossRef] [PubMed]

26. Alaqil, A.I.; Gupta, N.; Alothman, S.A.; Al-Hazzaa, H.M.; Stamatakis, E.; del Pozo Cruz, B. Arabic translation and cultural
adaptation of sedentary behavior, dietary habits, and preclinical mobility limitation questionnaires: A cognitive interview study.
PLoS ONE 2023, 18, e0286375. [CrossRef]

27. Hallgren, M.; Dunstan, D.W.; Owen, N. Passive versus mentally active sedentary behaviors and depression. Exerc. Sport Sci. Rev.
2020, 48, 20–27. [CrossRef] [PubMed]

28. Conover, W.J.; Iman, R.L. Analysis of covariance using the rank transformation. Biometrics 1982, 38, 715–724. [CrossRef] [PubMed]
29. Clemes, S.A.; Houdmont, J.; Munir, F.; Wilson, K.; Kerr, R.; Addley, K. Descriptive epidemiology of domain-specific sitting in

working adults: The Stormont Study. J. Public Health 2016, 38, 53–60. [CrossRef]
30. Saidj, M.; Jørgensen, T.; Jacobsen, R.K.; Linneberg, A.; Aadahl, M. The influence of housing characteristics on leisure-time sitting.

A prospective cohort study in Danish adults. Prev. Med. 2015, 81, 58–62. [CrossRef]
31. Clemes, S.A.; O’connell, S.E.; Edwardson, C.L. Office workers’ objectively measured sedentary behavior and physical activity

during and outside working hours. J. Occup. Environ. Med. 2014, 56, 298–303. [CrossRef]
32. Ferrari, G.L.d.M.; Oliveira Werneck, A.; Rodrigues da Silva, D.; Kovalskys, I.; Gómez, G.; Rigotti, A.; Cortes, L.Y.; García, M.C.Y.;

Pareja, R.G.; Herrera-Cuenca, M.; et al. Socio-demographic correlates of total and domain-specific sedentary behavior in Latin
America: A population-based study. Int. J. Environ. Res. Public Health 2020, 17, 5587. [CrossRef]

33. Werneck, A.O.; Cyrino, E.S.; Collings, P.J.; Ronque, E.R.; Szwarcwald, C.L.; Sardinha, L.B.; Silva, D.R. TV viewing in 60,202 adults
from the National Brazilian Health Survey: Prevalence, correlates, and associations with chronic diseases. J. Phys. Act. Health
2018, 15, 510–515. [CrossRef] [PubMed]

34. Andrade, C. The limitations of online surveys. Indian J. Psychol. Med. 2020, 42, 575–576. [CrossRef]

https://doi.org/10.1007/s43039-021-00043-8
https://doi.org/10.3389/fpubh.2020.00199
https://www.ncbi.nlm.nih.gov/pubmed/32574294
https://doi.org/10.3390/children7090138
https://doi.org/10.1136/bjsports-2020-102955
https://www.ncbi.nlm.nih.gov/pubmed/33239350
https://www.ncbi.nlm.nih.gov/pubmed/34484438
https://www.who.int/publications/i/item/9789240015128
https://www.who.int/publications/i/item/9789240015128
https://doi.org/10.2188/jea.JE20210419
https://doi.org/10.1016/j.mhpa.2023.100514
https://doi.org/10.1016/j.ypmed.2014.08.011
https://doi.org/10.1038/s41398-020-0715-z
https://doi.org/10.1192/bjp.2019.60
https://doi.org/10.5993/AJHB.47.4.12
https://doi.org/10.1123/jpah.7.6.697
https://www.ncbi.nlm.nih.gov/pubmed/21088299
https://doi.org/10.1186/s12889-023-15030-1
https://www.ncbi.nlm.nih.gov/pubmed/36653773
https://doi.org/10.1371/journal.pone.0286375
https://doi.org/10.1249/JES.0000000000000211
https://www.ncbi.nlm.nih.gov/pubmed/31663866
https://doi.org/10.2307/2530051
https://www.ncbi.nlm.nih.gov/pubmed/7171697
https://doi.org/10.1093/pubmed/fdu114
https://doi.org/10.1016/j.ypmed.2015.08.001
https://doi.org/10.1097/JOM.0000000000000101
https://doi.org/10.3390/ijerph17155587
https://doi.org/10.1123/jpah.2017-0317
https://www.ncbi.nlm.nih.gov/pubmed/29543110
https://doi.org/10.1177/0253717620957496


COVID 2024, 4 73

35. Healy, G.N.; Clark, B.K.; Winkler, E.A.; Gardiner, P.A.; Brown, W.J.; Matthews, C.E. Measurement of adults’ sedentary time in
population-based studies. Am. J. Prev. Med. 2011, 41, 216–227. [CrossRef]

36. Matthews, C.E.; Keadle, S.K.; Moore, S.C.; Schoeller, D.S.; Carroll, R.J.; Troiano, R.P.; Sampson, J.N. Measurement of active and
sedentary behavior in context of large epidemiologic studies. Med. Sci. Sports Exerc. 2018, 50, 266. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.amepre.2011.05.005
https://doi.org/10.1249/MSS.0000000000001428
https://www.ncbi.nlm.nih.gov/pubmed/28930863

	Introduction 
	Materials and Methods 
	Study Design 
	Measurements 
	Sedentary Behavior 
	Statistical Analyses 

	Results 
	Participants 
	Aim 1: Determine the Pattern of Mentally Active vs. Passive SB in Adults Post-COVID-19 Pandemic 
	Aim 2: Compare the Pattern of Mentally Active vs. Passive SB in Males vs. Females 

	Discussion 
	Comparison to the Literature: Aim 1 
	Comparison to the Literature: Aim 2 
	Clinical Significance 
	Strengths and Limitations 

	Conclusions 
	References

