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Abstract

This systematic review and meta-analysis aimed to examine the association between
television watching and cognitive outcomes in adults and older adults as the current
evidence is inconsistent. We searched the Cochrane, MEDLINE, Embase, Psy-
cINFO, Scopus, and Web of Science databases for relevant studies from inception

to June 30, 2024. Risk of bias was assessed using the Newcastle—Ottawa Scale.
Dose-response and conventional meta-analyses were performed using one-stage
random-effects and DerSimonian and Laird random-effects models, respectively.

Our systematic review included 35 studies with 1,292,052 participants (8,572

cases of cognitive impairment), of which 28 studies were further meta-analyzed. A
dose—response meta-analysis revealed a nonlinear association between time spent
watching TV and an increased risk of cognitive impairment (Wald test p-value =0.04),
particularly for viewing durations of 24 hours per day. Additionally, watching =6 hours
of television per day was associated with a significant decrease in cognitive score
(standardized beta coefficient=-0.09; 95% CI: —0.17, —0.003; 12=71.8%; seven
studies). Also, a longer television-watching time was associated with a lower cog-
nitive score (pooled standardized mean difference =-0.02; 95% CI: -0.03, —0.003;
[2=66.45%; six studies). Watching television for a longer period was associated with
negative cognitive outcomes in adults and older adults. Further research is needed to
confirm this association and elucidate the underlying biological mechanisms.
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Introduction

The global trend toward aging of the population has increased the prevalence of
diseases associated with aging. One of these diseases is dementia, a syndrome with
various etiologies causing a decline in cognitive abilities that interferes with activities
of daily living, leading to functional impairment. It is the seventh leading cause of
death and a major cause of disability and dependency among older adults, according
to the World Health Organization [1]. Moreover, the number of people with dementia
is expected to increase from 55 million in 2019—139 million in 2050 [2]. This will in
turn increase the burden imposed by dementia on the global healthcare system, dou-
bling the associated cost from US$1.3 trillion in 2019 to US$2.8 trillion by 2030 [3].

There are more than 100 causes of dementia [4]; the most common one is Alzhei-
mer’s disease (AD), accounting for 250% of all cases [3]. AD causes a progressive
deterioration in two or more cognitive domains, especially episodic memory and exec-
utive functions [5], causing patients to suffer from symptoms such as memory loss and
spatial disorientation [6]. In addition, AD may enhance the mortality rate by up to 40%
[7] because of complications related to aspiration, infection, or inanition [8]. AD can
be caused by a myriad of pathological changes in the brain, such as the accumulation
of certain amyloid-$ peptides [9], neurofibrillary tangles [10], dysfunctional glutama-
tergic pathways [11], and vascular changes [12]. While a disease-modifying therapy,
lecanemab, is available, it only slows the progression of mild AD and is not a curative
treatment [13]. Similarly, other types of dementia, such as frontotemporal dementia,
dementia with Lewy bodies, and vascular dementia, lack disease-modifying therapies.
As a result, dementia remains incurable [3]. Therefore, risk mitigation remains the
most effective strategy to address the global rise in dementia cases.

Understanding how activities of daily living in adults and older adults affect the
risk of developing dementia may provide insights into how the global population can
age in a healthier way. Therefore, it is imperative that any positive or negative impact
of common daily leisure activities on cognition is identified. Among these common
daily leisure activities, television (TV) watching is of particular interest as it is one of
the most popular leisure activities among adults and older adults [14]. TV watching
duration is widely measured to indicate the amount of sedentary behavior a person
engages in and, currently, longer TV watching durations are considered to be related
to an elevated risk of obesity [15—18], type 2 diabetes [19,20], and cardiovascular
disease [21,22].

Despite this, there is still no consensus on the impact of TV watching on cogni-
tion because there is evidence supporting both positive [23,24] and negative [25,26]
impacts. This discrepancy may partly be explained by differences in study designs
and methodological aspects. Furthermore, no previous studies have examined the
association between TV watching time and the risk of cognitive impairment as a
nonlinear function. The current investigation is therefore warranted, and the aim of
this study is to establish whether there is a relationship between TV-watching time
and cognitive outcomes in adults and older adults. Performing a systematic review
and meta-analysis allows us to examine the impact of methodological differences on
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the observed association. Additionally, conducting a dose-response meta-analysis enables us to investigate the nonlinear
relationship between TV watching time and cognitive outcomes.

Materials and methods

This report followed the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines [27],
and the protocol was prospectively registered on PROSPERO (CRD42023408255). Our PRISMA checklist is shown in
S1 Table. Further, this project received an ethics exemption from Chulabhorn Royal Academy’s ethics committee (project
number EC 052/2566).

Search strategy

Six databases (the Cochrane, Ovid MEDLINE, Ovid Embase, PsycINFO, Scopus, and Web of Science databases) were
searched from inception until June 30, 2024. We searched for articles using the keywords “television,” “cognitive function,”
“neuropsychological test,” “dementia,” “elderly,” and “adult.” Details of the search strategy used for each database can be
found in the S1 file. Additional studies were also identified through a manual search of reference lists.

Study selection and eligibility criteria

We considered all abstracts and publications, with no restrictions on date or language. For inclusion in our meta-analysis,
the adults and older adults (218 years old) in each study had to be unaffected by serious disability such as visual impair-
ment, auditory impairment, cognitive impairment, or dementia (at the start of the study), and to not be taking drugs that
affect cognition. Furthermore, the interventions in the studies had to not involve special types of TV-watching regimens
(e.g., TV-based cognitive training programs). All identified records were screened independently by two reviewers (HD,
CH): first, the titles and abstracts were screened, followed by the full texts, and relevant information was independently
extracted. Any disagreements between the two reviewers were resolved through discussion or by a third reviewer (WM,
NN) if necessary.

Data extraction

We collected data on all cognitive outcomes from individual studies, including cognitive scores on standardized tests and
risk data for mild cognitive impairment (MCI) and dementia. Further criteria applied when extracting data from studies with
overlapping populations, multiple levels of TV viewing, or multiple cognitive outcomes can be found in S1 file.

Studies with overlapping populations or from the same database were ranked based on a designed hierarchy and
the studies with the highest hierarchical score were included. Briefly, studies were ranked based on 1) the most relevant
outcomes (e.g., dementia, cognitive impairment, and cognitive score); 2) sample size (largest); and 3) year of publica-
tion (latest), respectively. For articles with multiple levels of television viewing, all data were collected to analyze the
dose-response relationship. For studies that report both cognitive score and MCl/dementia risk, we collected both out-
comes for their respective meta-analyses.

Assessment of bias of individual studies

The Newcastle—Ottawa Quality Assessment Scale (NOS) was applied to evaluate and analyze the methodological quality
of each study [28,29]. Three domains were evaluated: selection, comparability, and outcome/exposure assessment. Two
reviewers (HD, WM) independently scored studies as low (8—9 points), moderate (6—7 points), or high (0-5 points) risk

of bias. Disagreements were resolved by discussion. A summary of risk levels and visualizations was generated using
robvis [30]. The standard NOS was used for case—control or cohort studies, whereas a modified scale [31] was used

for cross-sectional studies. Details of the assessment and risk stratification performed using the NOS can be found in
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S1 file. No studies were excluded based on the bias assessment; however, a sensitivity analysis of only studies with a
low-to-moderate risk of bias was performed.

Statistical analysis

Data items. Data on the following aspects were extracted from each study: 1) demographics; 2) characteristics of the

study population; 3) TV-watching quantification methods; and 4) cognitive outcomes. Detailed data are listed in S1 file.
In studies with multiple levels of TV exposure, we used the reported mean or median to determine the dose (time) of TV
watching in each exposure category; otherwise, range values were converted to specific doses according to the method
suggested by Shim et al. [32]. Additionally, the standard error and standard deviation of outcomes were derived from the
upper and lower limits of the 95% confidence interval (Cl) using standard formulas [33,34].

Synthesis methods. There were two main outcomes in this study: risk of cognitive impairment (i.e., MCI, dementia,
or AD) and cognitive score. To perform a dose-response meta-analysis, a one-stage random-effects model was used
[32]. In brief, we initially created a scatter plot of each outcome (y-axis) and the TV-watching time (x-axis) to visualize
the crude association. Then, a linear regression model was fitted. To examine nonlinear associations, we fitted the
model with either a quadratic term or a restricted cubic spline with three, four, or five knots, where the location of
each knot was specified according to the recommended percentile position [35]. In addition, we examined nonlinearity
with the Wald test. Lastly, we selected the best-fitted model, i.e., with the lowest Akaike information criterion (AIC) or
Bayesian information criterion (BIC). The binary outcome (cognitive impairment risk) was analyzed using the Greenland
and Longnecker method and a restricted maximum-likelihood random-effects model, whereas for the continuous
outcome (cognitive score), dose—response meta-analysis was performed using Cohen’s standardized mean difference
approach. To avoid duplication issues, we analyzed only one outcome from each study that reported more than one
outcome with the same type of variable (continuous or binary), using the following hierarchy: 1) If both cohort and
cross-sectional results were reported [36], we used the cohort results; 2) If each outcome was reported along with a
cumulative one [37], we selected the cumulative one; 3) If both short- and long-term outcomes were reported [23], we
chose the long-term one; 4) If each outcome was reported separately without a cumulative one [38,39], we used the
outcome with the smallest variance.

In the conventional meta-analysis, the risk of cognitive impairment was given by a ratio effect size or mean difference,
using the shortest TV-watching-time group as the reference group. In contrast, the cognitive score was indicated by a beta
coefficient derived from the regression model. Where possible, we used the effect sizes from models that included the
most comprehensive set of covariates reported in each primary study to account for potential cofounders such as age,
sex, education, socioeconomic status, lifestyle factors (e.g., physical activity, smoking), and other comorbidities. These
factors, such as older age, female sex and lower education attainment, can negatively affect the cognitive outcomes [40].
Details of covariate adjusted for in each study are provided in Table 1. Because none of the studies reported prevalence
data for the outcomes in the reference group or the absolute number of participants experiencing the outcomes in each
group, we could not convert hazard ratios to odds ratios (or vice versa). Consequently, all ratio effect sizes (i.e., risk ratio,
odds ratio, and hazard ratio) were pooled in the main analysis, primarily using the DerSimonian and Laird random-effects
model, and labeled as relative risk. Additionally, we performed subgroup analysis according to study design, type of out-
come, risk of bias, and reported effect size.

Reporting bias assessment. To assess the statistical heterogeneity in the meta-analysis, we calculated the |2 statistic
(indicating the extent to which variance is explained by between-study heterogeneity) and the p-value for Cochrane’s
Q statistic. An 12>50% and a p-value for the Q test <0.1 were taken to indicate a significant degree of heterogeneity.
Subsequently, we sought to identify the source of heterogeneity by conducting subgroup analyses, with the subgroup
having the smallest I? value likely being the source of heterogeneity [33].
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The potential for publication bias in the included studies was evaluated by creating a funnel plot of outcome versus the
inverse of the standard error and conducting Egger’s test (for datasets with more than 10 studies) [33]. A lack of asymme-
try in the funnel plot and an Egger’s test p-value >0.05 suggest that there is no evidence of publication bias.

Certainty assessment. We conducted the sensitivity analysis as follows: 1) we analyzed the data with a restricted
maximum likelihood random-effects model; 2) we included only fully adjusted effect sizes; 3) we replaced the outcome
with the largest variance; 4) we replaced the outcome with the shortest follow-up time; and 5) we used the Tweedie
trim-and-fill method to adjust for potential publication bias. Additionally, the influence of each study was examined by
performing a leave-one-out analysis. To evaluate the level of evidence for each outcome, we applied the Grading of
Recommendations, Assessment, Development and Evaluation (GRADE) approach [41].

The dose-response meta-analysis was conducted using the “dosresmeta” package in the R program (version 4.3.1; R
Development Core Team, Vienna, Austria), and conventional meta-analysis was performed using STATA software (version
16.1; StataCorp LLC, College Station, TX, USA).

Results
Screening results

Of the 7,363 studies initially screened, 35 were included in our systematic review, and 28 were included in the
meta-analysis. Among these latter studies, 10 were cross-sectional, 15 were cohort, and 3 were case—control studies. In
total, our study analyzed data from 1,292,052 participants, including 8,572 individuals diagnosed with cognitive impair-
ment (135 with Alzheimer’s disease, 8,339 with dementia, and 98 with mild cognitive impairment [MCI]). The PRISMA flow
diagram is presented in Fig 1.

Study characteristics

The characteristics of all studies included in the systematic review are shown in Table 1, and the risk of bias assessments
for individual studies can be found in S1-3 Fig. In brief, 10 studies had a low risk of bias, 16 had a moderate risk, and 9
had a high risk.

Analysis of the risk of cognitive impairment. In the dose—response meta-analysis, we identified the 3-knot restricted
cubic spline (RCS) model as the best-fitting model (S2 Table). This model demonstrated a nonlinear increase in the risk
of cognitive impairment with longer TV-watching time (Wald test p-value =0.04), particularly beyond 4 hours per day.
Predicted relative risks (RRs) and 95% confidence intervals (Cls) for selected doses (hours of TV-watching time per day)
are presented in S3 Table and visualized in Fig 2A. The initial scatter plot illustrating the association between TV-watching
time and the risk of cognitive impairment is shown in S4 Fig to demonstrate statistical analysis transparency.

In the conventional meta-analysis, we did not find an association between longer TV-watching time and the risk of
cognitive impairment: the pooled relative risk was 1.01 (95% CI: 0.95, 1.08; 11 studies; Fig 2B). Of note, there was a high
degree of heterogeneity (12=90.54%, p<0.001), and the study design, type of outcome, reported effect size, and risk of
bias of individual studies were not major sources of heterogeneity. Substantial heterogeneity was also detected in several
analyses (I? ranging from 66.4% to 91.5%). Despite conducting subgroup and sensitivity analyses by study design, risk of
bias, and outcome type, the source of heterogeneity could not be fully explained (see S4 Table and S5 Fig). Interestingly,
we observed a significant association between longer TV-watching time and AD (odds ratio=1.32 [95% CI: 1.08, 1.62; one
study]; Fig 2B), and when combining only hazard ratios in subgroup analysis (pooled hazard ratio=1.07 [95% CI: 1.02,
1.13; four studies]; Table 2, S4 Table). All sensitivity analyses showed similar null findings (Table 2). The results from the
subgroup analysis based on study design are shown in S5 Fig.

Analysis of the cognitive score. Regarding the association between TV-watching time and cognitive score, we
found a nonlinear relationship via a three-knot restricted cubic spline model, which was the best-fitting model in the
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Fig 1. Prisma flow diagram of study selection.

https://doi.org/10.1371/journal.pone.0323863.9g001

dose-response meta-analysis (S2 Table). Interestingly, an average of 6 hours per day of TV watching was identified as
the threshold for a statistically significant decrease in cognitive score (beta coefficient=-0.09 [95% CI: -0.17, —0.003];
seven studies; Fig 3A), and there was with a high degree of heterogeneity (12=71.80%, p=0.002; S5 Table). All sensitivity
analyses were consistent with the main findings. However, restricting the analysis to studies with a low-to-moderate risk of
bias (five studies) or only to cohort studies (four studies) did not drastically change the degree of statistical heterogeneity
(S6 Table).

Furthermore, our conventional meta-analysis revealed that increased TV-watching time was associated with a slight
but significant decrease in cognitive score: the pooled mean difference was —0.02 (95% CI: —0.03, —0.003; six studies; Fig
3B), although the analyses showed a significant degree of heterogeneity (12=66.45%, p=0.01). Notably, most sensitivity
analyses yielded similar results, except when analyzing only cohort studies or only studies with a low-to-moderate risk of
bias, where the association became null (Table 3). The scatter plot showing the relationship between TV-watching time
and cognitive score is shown in S6 Fig.
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Heterogeneity: 12 = 0.00, P =.%, Hz =. Al 1.32[1.08, 1.62]
Testof 8, = 8;: Q(0) =0.00, p=.
Dementia
Tantanokit, 2021 _— 0.65[0.32, 1.32] 0.73
Floud, 2019 —i— 0.78[0.66, 0.92] 7.76
Raichen, 2022 a 1.24[1.16, 1.33] 14.54
Takeuchi, 2023 : 1.05[1.08, 1.07] 17.39
Heterogeneity: 12 = 0.02, I? = 91.72%, H? = 12.08 1.00[0.85, 1.18]
Testof 8 = 8;: Q(3) = 36.23, p = 0.00
Mild Cognitive Impairment
Jung, 2020 ———1.94[1.18, 3.20] 1.40
Zhao, 2015 —a— 0.76 [ 0.63, 0.93] 6.40
Fajersztajn, 2021 —a— 1.02[0.84, 1.24] 6.42
Zhang, 2023 R 3 0.70[0.62, 0.79] 10.55
Ramos, 2021 Hl- 1.13[1.01, 1.27] 11.02
Wang, 2006 1.07[1.06, 1.08] 17.69
Heterogeneity: 12 = 0.04, 2 = 92.29%, H2 = 12.97 0.98[0.82, 1.17]
Test of 6, = 8;: Q(5) = 64.83, p = 0.00
Overall 1.01[0.95, 1.08]
Random-REML model 1.01[0.87, 1.17]

Heterogeneity: 12 = 0.01, I? = 90.54%, H? = 10.58
Testof 8 = 8;: Q(10) = 105.75, p = 0.00

Test of group differences: Q,(2) = 5.66, p = 0.06

Random-effects DerSimonian-Laird model
Sorted by: _WT

Decreased risk | Increased risk

Fig 2. The relationship between longer TV watching time and risk of cognitive impairment. A) Dose-response meta-analysis of TV watching time
(hours per day) and the risk of cognitive impairment based on 4 studies. B) Meta-analysis of a longer TV watching time, compared to a lower one, with
the risk of cognitive impairment (11 studies). Note: The black dashed lines represent the 95% confidence interval, the blue dashed line represents the

linear model, and the red dashed line represents the null value (RR=1.00). The reference level is 0 hours per day.

https://doi.org/10.1371/journal.pone.0323863.9002
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Table 2. Sensitivity and subgroup analysis of conventional meta-analysis of TV watching time and

risk of cognitive impairment.

Analysis

Effect size (95% Cl), p-value

12, p-value for heterogeneity

Main analysis (n=11)

1.01(0.95, 1.08), 0.64

90.54%,<0.001

Subgroup analysis

By study design,

Cross-sectional (n=2)

1.16 (0.40, 3.37), 0.79

83.62%, 0.01

Cohort (n=6)

1.00 (0.93, 1.07), 0.96

93.89%,<0.001

Case-control (n=3)

1.05(0.79, 1.38), 0.75

87.89%,<0.001

By outcome

Alzheimer’s disease (n=1)

1.32 (1.08, 1.62), 0.007

NA

Dementia (n=4)

1.00 (0.85, 1.18), 0.97

91.72%,<0.001

MCI (n=6)

0.98 (0.82, 1.17), 0.82

92.29%,<0.001

By reported effect size

Hazard ratio (n=4)

1.07 (1.02, 1.13), 0.01

91.46%,<0.001

Odds ratio (n=7)

1.00 (0.79, 1.26), 0.99

89.58%,<0.001

By risk of bias

Low risk of bias (n=5)

0.96 (0.77, 1.21), 0.76

92.47%,<0.001

Moderate risk of bias (n=6)

1.03 (0.91, 1.18), 0.63

90.40%,<0.001

Sensitivity analysis

Random-REML model (n=11)

1.01 (0.87, 1.17), 0.91

98.93%,<0.001

Only adjusted effect size (n=10)

1.02 (0.96, 1.08), 0.57

91.34%,<0.001

Largest variance (n=11)

1.00 (0.94, 1.07), 0.91

90.89%,<0.001

Shorter follow-up (n=11)

1.01 (0.95, 1.08), 0.74

91.32%,<0.001

https://doi.org/10.1371/journal.pone.0323863.t002

Publication bias and leave-one-out analyses

Visual inspection of the contour-enhanced and conventional funnel plots for cognitive-impairment risk (S7A & B Fig)
suggested some asymmetry; however, Egger’s test indicated no statistically significant publication bias (p-value=0.43).
Likewise, both the contour-enhanced funnel plot (S8A Fig) and the classical funnel plot (S8B Fig) of the cognitive score
outcome also showed no apparent evidence of publication bias, with a p-value of 0.56 derived from Egger’s test. Addition-
ally, imputed results from the trim-and-fill analysis of the cognitive scores did not change our conclusions. In the leave-
one-out analysis (S9 Fig), although most studies did not influence the findings, three studies might have dominated the
main results. Omitting one study (Zhang et al., 2023 [66]) from the meta-analysis of cognitive impairment risk (S9A Fig)
changed the results from null to significant (1.07 [95% CI: 1.01, 1.12]). In contrast, leaving out either of two studies (Shin
et al., 2021 [63] and Maasakkers et al., 2021 [58]) in the meta-analysis of cognitive score reverted the results to null (S9B
Fig).

Taken together, according to GRADE, our dose—response meta-analysis of cognitive impairment risk was rated as hav-
ing a moderate level of certainty, whereas the dose—response meta-analysis of cognitive score had a low level of certainty,
and the conventional meta-analyses of both cognitive impairment and cognitive scores had a very low level of certainty
(S7 Table).

Discussion

Our study is the first meta-analysis to explore the association between TV-watching time and cognitive outcomes in adults
and older adults; it included 35 studies with a total of 1,292,052 participants. In the dose-response meta-analyses, we
observed a nonlinear association between TV-watching time and unfavorable cognitive outcomes. Specifically, watching

PLOS One | https://doi.org/10.1371/journal.pone.0323863 September 12, 2025 13/22



https://doi.org/10.1371/journal.pone.0323863.t002

PLO\S\% One

A)

B)

2.0

Cognitive score
o
(@)}
|

0.0
-0.5 :
-1.0 — ;
| | | | | I
0 2 4 6 8 10
TV watching time (hrs/day)
Mean Difference

Study Study size with 95% CI % weight
Cohort
Olanrewaju, 2020 5655 — -0.01[-0.04, 0.02] 11.94
Shin, 2021 3793 = 0.00[ -0.02, 0.03] 14.64
Allen, 2017 9551 —r -0.03[ -0.05, -0.01]  20.01
Maasakkers, 2021 1258 - -0.00[ -0.02, 0.01] 24.71
Heterogeneity: 12 = 0.00, 1> = 52.27%, H? = 2.09 - -0.01[ -0.03, 0.00]
Test of 6 = 6: Q(3) = 6.28, p = 0.10
Cross-sectional
Rosenberg, 2016 307 -0.01[ -0.08, 0.06] 297
Ringin, 2023 60727 R 3 -0.03[ -0.04, -0.02] 25.74
Heterogeneity: 12 = 0.00, I2 = 0.00%, H? = 1.00 . 4 -0.03 [ -0.04, -0.02]
Testof 8 = 6: Q(1) = 0.28, p = 0.60
Overall -0.02 [ -0.03, -0.00]
Random-REML model : -0.02 [ -0.03, -0.00]

Heterogeneity: 12 = 0.00, 1> = 66.45%, H? = 2.98
Test of 6, = 6 Q(5) = 14.90, p = 0.01

Test of group differences: Q (1) = 4.46, p = 0.03

Random-effects DerSimonian-Laird model
Sorted by: Weight

Decreased score | Increased score

-1

-.05

0

Fig 3. The relationship between longer TV watching time and cognitive scores. A) Dose-response meta-analysis of TV watching time (hours per
day) and cognitive score fitted with restricted cubic spline with 3 knots (7 studies). B) Meta-analysis of a longer TV watching time, compared to a shorter
one, with a cognitive score (6 studies).

https://doi.org/10.1371/journal.pone.0323863.9003
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Table 3. Sensitivity and subgroup analysis between higher TV watching time and cognitive scores.

Analysis

Mean difference (95% Cl),
p-value

12, p-value for heterogeneity

Main analysis (n=6)

-0.02 (-0.03, —0.003), 0.02

66.45%, 0.01

Subgroup analysis

By study design

Cross-sectional (n=2)

-0.03 (-0.04, -0.02),<0.001

0.0%, 0.60

Cohort (n=4)

-0.01 (-0.03, 0.003), 0.12

52.27%, 0.10

Sensitivity analysis

Included unweighted study (n=7)*

-0.02 (-0.03, —0.003), 0.02

60.12%, 0.02

Low-to-moderate RoB (n=5)

-0.01 (-0.03, 0.004), 0.13

69.86%, 0.01

Largest SD (n=6)

-0.02 (-0.04, -0.001), 0.04

73.98%, 0.002

Random-REML model (n=6)

-0.02 (-0.03, —0.003), 0.02

64.67%, 0.02

Trim-and-fill analysis (n=7)* -0.02 (-0.03, -0.01) NA

Note: The main analysis was conducted using a DerSimonian-Laird random-effects model, and bold fig-
ures represent a statistically significant value (p-value<0.05). *In the sensitivity analysis, which included an
unweighted study, one extra study (Fajersztajn et al., 2021 [39]) was included in the analysis. In the trim-
and-fill analysis, one ideal study was added to make the funnel plot more symmetrical. Abbreviations: Cl,
confidence interval; REML, restricted maximum likelihood; RoB, risk of bias; SD, standard deviation.

https://doi.org/10.1371/journal.pone.0323863.t003

TV for 24 hours per day was associated with a significantly higher risk of cognitive impairment, while watching =26 hours
per day was linked to lower cognitive scores. Although the conventional meta-analyses did not show an association
between TV-watching time and the risk of cognitive impairment (except for an increased risk of AD), it has been shown
that a longer TV-watching time is linked to a significantly lower cognitive score. These results support an association
between TV watching and negative cognitive outcomes in adults and older adults.

Association between TV watching and cognition

Through a dose—response meta-analysis, we identified a nonlinear association between TV-watching time and an
increased risk of cognitive impairment, with a threshold of 4 hours per day. However, the results of our conventional
meta-analysis did not demonstrate this association, which supports the nonlinear relationship, as this pattern cannot be
captured by a conventional meta-analysis. Nevertheless, in subgroup analysis, the conventional meta-analysis provided
important insights: a longer TV-watching time was associated with a significantly higher risk of AD, and when only hazard
ratios were pooled. This points to the need for further studies for clarification because only one study was included in the
analysis. Moreover, watching TV for 26 hours per day was associated with significantly lower cognitive scores. This was
also supported by the results of our conventional meta-analysis. However, it must be noted that there was significant het-
erogeneity between studies regarding this association because of the different study designs.

In summary, we observed a significant nonlinear increase in the risk of cognitive impairment with TV-watching time and
a significant decrease in cognitive scores after 6 hours. This difference might result from the difference in the nature of the
two outcomes. The cognitive impairment data were binarized, whereas the cognitive scores were continuous. Moreover,
there were differences in follow-up times and cognitive tests among studies.

Implications of the association between TV watching and worsening cognition

Our findings are alarming because it has been demonstrated that adults may watch up to 7 hours of TV per day on aver-
age [69,70]. If the risk of cognitive impairment significantly increases at 4 hours of TV watching or more, an average adult
watching 7 hours of TV per day would have a notably higher risk of cognitive impairment. This becomes even more critical
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in the context of an aging population, because people tend to watch TV for longer as they get older [71,72]. The combi-
nation of increased TV-watching time with age and TV watching’s association with a higher risk of cognitive impairment
risk will undoubtedly increase the burden on the economy and public health system. Thus, it is imperative that alternative
leisure activities are recommended for adults and older adults.

Mechanisms linking TV watching to cognition

Evidence from the literature suggests that there is a direct association between TV watching and decreased brain volume
in several parts of the brain, including parts related to language, memory, and communication that are usually affected by
dementia [64,73]. This association persists even after adjusting for possible confounders such as physical activity [74],
suggesting that there is a direct mechanism linking TV watching and cognitive impairment. Indirect effects of TV watching
may also contribute to the association observed in this study. TV-watching time is often used as an indicator of how long a
person is engaged in sedentary activity per day, and it has an inverse relationship with physical activity time [20,75]. Both
TV watching and sedentary activity are associated with worse cognitive performance and cognitive impairment [76]. Fur-
thermore, TV viewing is linked to diseases such as obesity and diabetes [20], as well as negative psychosocial outcomes
such as loneliness, depression, and low life satisfaction, which could also increase dementia risk [77—79].

Clinical implications

Although further studies are required to confirm the association, our study is the first meta-analysis to show a negative
association between watching TV and cognitive outcomes. On an individual level, patients could be advised regarding the
potential cognitive benefits of decreasing the time spent viewing TV because each hour of TV watching increases the risk
of cognitive impairment. Additionally, regardless of whether TV watching is a causal factor in cognitive impairment, people
(especially older adults) who spend most of their time watching TV may still benefit from monitoring and evaluation of cog-
nitive impairment. Our findings could also inform public health strategies to dissuade adults and older adults from watch-
ing TV to improve their cognitive health, and they emphasize the need for adults to engage in other cognitive and daily
leisure activities; public health providers could use this information to devise policies aimed at improving cognitive health.
Since this study focuses on the relationship between TV watching (a commonly used marker for sedentary behavior) and
cognition, it may be possible to apply the results from this study to similar sedentary activities, such as watching internet
videos and using streaming platforms. However, it is important to note the different variables associated with each type of
sedentary activity, for example, some activities may be more appealing to certain age and gender groups than others. In
addition, some activities, such as watching internet videos, might be associated with a higher degree of interaction with
the user than watching television. Factors such as these may alter the relationship between different sedentary behavior
and cognition [40]. Thus, the results from this study must be extrapolated with caution.

Strengths and limitations

To our best knowledge, this is the first study to comprehensively review and meta-analyze the associations of TV-watching
time with cognitive scores and cognitive impairment risk. Furthermore, we performed a dose—-response meta-analysis to
potentially identify a nonlinear trend that may not be captured by the conventional analytic approach. However, there are some
noteworthy limitations to this study. First, all the included studies were observational in design, meaning that several alterna-
tive explanations—particularly the influence of residual confounders and reverse causality (e.g., individuals in the subclinical
stage of cognitive impairment may spend most of their time watching TV due to physical limitations)—cannot be ruled out.
Therefore, causality cannot be inferred from our findings. Nonetheless, reverse causality is not a major concern in our study.
This is because the dose—-response meta-analysis findings on time spent watching TV and the risk of cognitive impairment
are based solely on cohort studies, which are less prone to reverse causality compared to cross-sectional studies (S3 Table).
Additionally, most of the included cohort studies (66.7%) were assessed as having a low risk of reverse causality in one
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domain of the NOS. Furthermore, the subgroup analysis of the dose-response meta-analysis for cognitive scores based on
cohort studies yielded results consistent with the main analysis (S5 Table). Second, some results showed a significant degree
of heterogeneity. Consequently, for some findings, the certainty of the evidence was rated as low to very low according to
GRADE, such that readers should exercise caution when interpreting the findings. Our subgroup and sensitivity analyses
(Table 2) suggest that study design, outcome type, reported effect sizes, and risk of bias were not the primary contributors to
the heterogeneity. This persistent heterogeneity across subgroups suggests that other factors, such as unmeasured con-
founders, may contribute. These may include differences in TV assessment methods (e.g., self-reported hours vs. categorical
measures), regional variations in viewing habits, and the use of different cognitive measures and scales (e.g., Mini Mental
State Exam (MMSE) vs. Montreal Cognitive Assessment (MoCA) vs self-report). These factors likely contributed to variability
beyond study design or risk of bias; thus, the pooled estimates should be interpreted with caution. Interestingly, in the leave-
one-out analysis, one study by Zhang et al. [66] appears to be a potential influential source. This is because the exclusion of
the study shifts the pooled estimate, suggesting it contributes to observed heterogeneity. The apparent funnel-plot asymmetry
is more plausibly driven by between-study heterogeneity and variation in study precision than by small-study publication bias.
In addition, our comprehensive search strategy—covering six major databases (Cochrane, Ovid MEDLINE, Ovid Embase,
PsycINFO, Scopus, and Web of Science)—reduces the likelihood that relevant studies were missed, further minimizing the
chance that publication bias explains the pattern observed. Third, this study focused on adults and older adults, so its findings
may not be applicable to younger populations (< 18 years old). Fourth, it should be noted that forest plots with a limited num-
ber of studies (e.g., subgroup analyses with <2 studies) as shown in Fig 3B should be interpreted with caution. P-values may
not reliably indicate true between-group differences under these conditions. Lastly, although we used fully adjusted estimates
where available, residual confounding remains a key limitation due to variability in covariates across studies and potential
unmeasured factors such as social engagement, depression, or baseline cognitive status.

Conclusion and future directions

Determining the relationship between the most popular leisure activity among adults and older adults, TV watching, and
cognitive outcomes has never been more important because the world is heading towards an aging population crisis. The
current evidence supports an association between longer TV-watching time and negative cognitive outcomes in adults and
older adults; however, causality in the relationship remains to be fully elucidated. Additionally, future studies should con-
sider the relationship between different types of TV programming on cognitive decline in adults as there is currently a lack
of evidence on this specific topic. Nevertheless, this study has established that the answer to the question of how long
one can spend watching TV per day without hindering cognitive performance is less than 4—6 hours in adults and older
adults. The findings of this study could be used as a basis for public advice pertaining to healthier aging.

Supporting information

S1 Fig. ROBVIS: Risk-of-bias VISualization for cross-sectional studies. (A) Traffic Light Plot for risk of bias domains.
(B) Weighted bar plots of the distribution of risk-of-bias for each domain.
(DOCX)

S2 Fig. Risk-of-bias for cohort studies. (A) Traffic Light Plot for risk of bias domains. (B) Weighted bar plots of the dis-
tribution of risk-of-bias for each domain.
(DOCX)

S3 Fig. Risk-of-bias for case-control studies. (A) Traffic Light Plot for risk of bias domains. (B) Weighted bar plots of
the distribution of risk-of-bias for each domain.
(DOCX)

PLOS One | https://doi.org/10.1371/journal.pone.0323863 September 12, 2025 17122



http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0323863.s001
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0323863.s002
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0323863.s003

PLO\Sﬁ\\.- One

S4 Fig. Scatter plot of TV watching time (dose; x) and cognitive impairment risk (logrr; y) (4 studies). Each circle
depicts the logrr and inver_se of cognitive impairment risk at each dose of TV watching time reported in each study.
(DOCX)

S5 Fig. Subgroup Meta-Analysis of TV Watching Time and Cognitive Impairment Risk by Outcome and Study
Design. Conventional meta-analysis of higher versus lower TV watching time and the associated risk of cognitive impair-
ment (11 studies), with subgroup analyses by outcome (upper panel) and study design (lower panel).

(DOCX)

S6 Fig. Scatter Plot of TV Watching Time (dose; x) and the Change in Cognitive Score (beta coefficient; y). Each
circle depicts the beta coefficient and inver_se of the change in cognitive score at each dose of TV watching time reported
in each study.

(DOCX)

S7 Fig. Funnel Plot Analyses for Publication Bias in the Association Between TV Watching Time and Cognitive
Impairment Risk. (A) Contour-enhanced funnel plot and (B) conventional funnel plot assessing publication bias in the
association between TV watching time and risk of cognitive impairment (11 studies).

(DOCX)

S8 Fig. Funnel Plot Analyses for Publication Bias in the Association Between TV Watching Time and Cognitive
Performance Score. (A) Contour-enhanced funnel plot and (B) conventional funnel plot assessing publication bias in the
association between TV watching time and cognitive score (6 studies).

(PDF)

S9 Fig. Leave-One-Out Sensitivity Analyses for the Association Between TV Watching Time and Cognitive Out-
comes. Leave-one-out analysis evaluating the influence of each individual study on the pooled estimate of the association
between TV watching time and (A) risk of cognitive impairment (11 studies) and (B) cognitive score (6 studies).

(DOCX)

S1 Table. PRISMA checklist.
(DOCX)

S2 Table. Information criteria of each dose-response meta-analysis model.
(DOCX)

S3 Table. Predicted relative risk of cognitive impairment based on dose-response meta-analysis model (n=4).
(DOCX)

S4 Table. Subgroup analysis of TV watching time and risk of cognitive impairment according to reported effect
sizes.
(DOCX)

S5 Table. Predicted cognitive score based on dose-response meta-analysis model (n=7).
(DOCX)

S6 Table. Sensitivity analysis of average TV watching time and predicted cognitive score.
(DOCX)

S7 Table. Certainty of findings according to GRADE.
(DOCX)

PLOS One | https://doi.org/10.1371/journal.pone.0323863 September 12, 2025 18/22



http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0323863.s004
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0323863.s005
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0323863.s006
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0323863.s007
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0323863.s008
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0323863.s009
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0323863.s010
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0323863.s011
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0323863.s012
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0323863.s013
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0323863.s014
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0323863.s015
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0323863.s016

PLO\Sﬁ\\.- One

S1 File. Supplementary methods.
(DOCX)

Acknowledgments

All tools and facilities were supported by Chulabhorn Royal Academy and University of Phayao. We also thank Michael
Irvine, PhD, from Edanz (www.edanz.com/ac) for editing a draft of this manuscript.

Author contributions

Conceptualization: Hattapark Dejakaisaya, Chanawee Hirunpattarasilp.

Data curation: Hattapark Dejakaisaya, Wiriya Mahikul, Nat Na-Ek, Chanawee Hirunpattarasilp.

Formal analysis: Hattapark Dejakaisaya, Wiriya Mahikul, Nat Na-Ek, Chanawee Hirunpattarasilp.
Funding acquisition: Hattapark Dejakaisaya, Chanawee Hirunpattarasilp.

Investigation: Hattapark Dejakaisaya, Wiriya Mahikul, Nat Na-Ek, Chanawee Hirunpattarasilp.
Methodology: Hattapark Dejakaisaya, Wiriya Mahikul, Nat Na-Ek, Chanawee Hirunpattarasilp.

Project administration: Hattapark Dejakaisaya, Chanawee Hirunpattarasilp.

Resources: Hattapark Dejakaisaya, Chanawee Hirunpattarasilp.

Software: Hattapark Dejakaisaya, Wiriya Mahikul, Chanawee Hirunpattarasilp.

Supervision: Hattapark Dejakaisaya, Chanawee Hirunpattarasilp.

Validation: Hattapark Dejakaisaya, Wiriya Mahikul, Nat Na-Ek, Chanawee Hirunpattarasilp.
Visualization: Hattapark Dejakaisaya, Wiriya Mahikul, Nat Na-Ek, Chanawee Hirunpattarasilp.

Writing — original draft: Hattapark Dejakaisaya, Wiriya Mahikul, Nat Na-Ek, Chanawee Hirunpattarasilp.
Writing — review & editing: Hattapark Dejakaisaya, Wiriya Mahikul, Nat Na-Ek, Chanawee Hirunpattarasilp.

References

1.  World Health Organization. Ageing and health. 2022 [cited 2022 October]. Available from: https://www.who.int/news-room/fact-sheets/detail/
ageing-and-health
Small G, Vorgan G. The Alzheimer’s prevention program: Keep your brain healthy for the rest of your life. Workman Publishing Company; 2012.

Long S, Benoist C, Weidner W. World Alzheimer Report 2023: Reducing dementia risk: never too early, never too late. 2023.

Morley JE. An Overview of Cognitive Impairment. Clin Geriatr Med. 2018;34(4):505—13. https://doi.org/10.1016/j.cger.2018.06.003 PMID:
30336985

5. Tarawneh R, Holtzman DM. The clinical problem of symptomatic Alzheimer disease and mild cognitive impairment. Cold Spring Harb Perspect
Med. 2012;2(5):a006148. https://doi.org/10.1101/cshperspect.a006148 PMID: 22553492

6. Johnson DK, Storandt M, Morris JC, Galvin JE. Longitudinal study of the transition from healthy aging to Alzheimer disease. Arch Neurol.
2009;66(10):1254-9. https://doi.org/10.1001/archneurol.2009.158 PMID: 19822781

7. Ganguli M, Dodge HH, Shen C, Pandav RS, DeKosky ST. Alzheimer disease and mortality: a 15-year epidemiological study. Arch Neurol.
2005;62(5):779-84. https://doi.org/10.1001/archneur.62.5.779 PMID: 15883266

8. Landau SM, Doraiswamy PM. The Biology of Alzheimer Disease. JAMA. 2012;308(18):1925-6.

9. Masters CL, Bateman R, Blennow K, Rowe CC, Sperling RA, Cummings JL. Alzheimer’s disease. Nat Rev Dis Primers. 2015;1:15056. https://doi.
org/10.1038/nrdp.2015.56 PMID: 27188934

10. Lin R, Jones NC, Kwan P. Unravelling the Role of Glycogen Synthase Kinase-3 in Alzheimer’s Disease-Related Epileptic Seizures. Int J Mol Sci.
2020;21(10).

11. Dejakaisaya H, Kwan P, Jones NC. Astrocyte and glutamate involvement in the pathogenesis of epilepsy in Alzheimer’s disease. Epilepsia.
2021;62(7):1485-93. https://doi.org/10.1111/epi. 16918 PMID: 33971019

PLOS One | https://doi.org/10.1371/journal.pone.0323863 September 12, 2025 19/22



http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0323863.s017
www.edanz.com/ac
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://doi.org/10.1016/j.cger.2018.06.003
http://www.ncbi.nlm.nih.gov/pubmed/30336985
https://doi.org/10.1101/cshperspect.a006148
http://www.ncbi.nlm.nih.gov/pubmed/22553492
https://doi.org/10.1001/archneurol.2009.158
http://www.ncbi.nlm.nih.gov/pubmed/19822781
https://doi.org/10.1001/archneur.62.5.779
http://www.ncbi.nlm.nih.gov/pubmed/15883266
https://doi.org/10.1038/nrdp.2015.56
https://doi.org/10.1038/nrdp.2015.56
http://www.ncbi.nlm.nih.gov/pubmed/27188934
https://doi.org/10.1111/epi.16918
http://www.ncbi.nlm.nih.gov/pubmed/33971019

PLO\Sﬁ\\.- One

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.
36.

37.

Hirunpattarasilp C, Attwell D, Freitas F. The role of pericytes in brain disorders: from the periphery to the brain. J Neurochem. 2019;150(6):648—65.
https://doi.org/10.1111/jnc.14725 PMID: 31106417

Harris E. Alzheimer drug lecanemab gains traditional FDA approval. JAMA. 2023;330(6):495.

Fingerman KL, Kim YK, Ng YT, Zhang S, Huo M, Birditt KS. Television Viewing, Physical Activity, and Loneliness in Late Life. Gerontologist.
2022;62(7):1006—17. https://doi.org/10.1093/geront/gnab120 PMID: 34379115

Salmon J, Bauman A, Crawford D, Timperio A, Owen N. The association between television viewing and overweight among Australian adults par-
ticipating in varying levels of leisure-time physical activity. Int J Obes Relat Metab Disord. 2000;24(5):600—6. https://doi.org/10.1038/s].ij0.0801203
PMID: 10849582

Inoue S, Sugiyama T, Takamiya T, Oka K, Owen N, Shimomitsu T. Television viewing time is associated with overweight/obesity among older
adults, independent of meeting physical activity and health guidelines. J Epidemiol. 2012;22(1):50-6. https://doi.org/10.2188/jea.je20110054 PMID:
22156288

Martinez-Gomez D, Rey-Lopez JP, Chillon P, Gdmez-Martinez S, Vicente-Rodriguez G, Martin-Matillas M, et al. Excessive TV viewing and car-
diovascular disease risk factors in adolescents. The AVENA cross-sectional study. BMC Public Health. 2010;10:274. https://doi.org/10.1186/1471-
2458-10-274 PMID: 20500845

Swinburn B, Shelly A. Effects of TV time and other sedentary pursuits. Int J Obes (Lond). 2008;32(Suppl 7):S132-6. https://doi.org/10.1038/
ij0.2008.249 PMID: 19136983

Grentved A, Hu FB. Television viewing and risk of type 2 diabetes, cardiovascular disease, and all-cause mortality: a meta-analysis. JAMA.
2011;305(23):2448-55. https://doi.org/10.1001/jama.2011.812 PMID: 21673296

Huffman FG, Vaccaro JA, Exebio JC, Zarini GG, Katz T, Dixon Z. Television watching, diet quality, and physical activity and diabetes among three
ethnicities in the United States. J Environ Public Health. 2012;2012:191465. https://doi.org/10.1155/2012/191465 PMID: 22851980

Wijndaele K, Brage S, Besson H, Khaw K-T, Sharp SJ, Luben R, et al. Television viewing and incident cardiovascular disease: prospective asso-
ciations and mediation analysis in the EPIC Norfolk Study. PLoS One. 2011;6(5):€20058. https://doi.org/10.1371/journal.pone.0020058 PMID:
21647437

Nagata JM, Vittinghoff E, Dooley EE, Lin F, Rana JS, Sidney S, et al. TV Viewing From Young Adulthood to Middle Age and Cardiovascular Dis-
ease Risk. Am J Prev Med. 2024;66(3):427—-34. https://doi.org/10.1016/j.amepre.2023.11.004 PMID: 38085195

Floud S, Balkwill A, Sweetland S, Brown A, Reus EM, Hofman A, et al. Cognitive and social activities and long-term dementia risk: the prospective
UK Million Women Study. Lancet Public Health. 2021;6(2):e116—23. https://doi.org/10.1016/S2468-2667(20)30284-X PMID: 33516288

Zhao X, Yuan L, Feng L, Xi Y, Yu H, Ma W, et al. Association of dietary intake and lifestyle pattern with mild cognitive impairment in the elderly. J
Nutr Health Aging. 2015;19(2):164-8. https://doi.org/10.1007/s12603-014-0524-2 PMID: 25651441

Jung MS, Chung E. Television viewing and cognitive dysfunction of korean older adults. Healthcare, MDPI; 2020.

Lindstrom HA, Fritsch T, Petot G, Smyth KA, Chen CH, Debanne SM, et al. The relationships between television viewing in midlife and the
development of Alzheimer’s disease in a case-control study. Brain Cogn. 2005;58(2):157—65. https://doi.org/10.1016/j.bandc.2004.09.020 PMID:
15919546

Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ. 2021;372:n71. https://doi.org/10.1136/bmj.n71 PMID: 33782057

Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonrandomized studies in meta-analyses. Eur J
Epidemiol. 2010;25(9):603-5. https://doi.org/10.1007/s10654-010-9491-z PMID: 20652370

Wells GA, Shea B, O’'Connell D, Peterson J, Welch V, Losos M, et al. The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonran-
domised studies in meta-analyses. 2000.

McGuinness LA, Higgins JPT. Risk-of-bias VISualization (robvis): An R package and Shiny web app for visualizing risk-of-bias assessments. Res
Synth Methods. 2021;12(1):55-61. https://doi.org/10.1002/jrsm.1411 PMID: 32336025

Cooke R, Murray S, Carapetis J, Rice J, Mulholland N, Skull S. Demographics and utilisation of health services by paediatric refugees from East
Africa: implications for service planning and provision. Aust Health Rev. 2004;27(2):40-5. https://doi.org/10.1071/ah042720040 PMID: 15525235

Shim SR, Lee J. Dose-response meta-analysis: application and practice using the R software. Epidemiol Health. 2019;41:e2019006. https://doi.
org/10.4178/epih.e2019006 PMID: 30999740

Shuster JJ. Cochrane handbook for systematic reviews for interventions, Version 5.1. 0, published 3/2011. Julian PT Higgins and Sally Green,
Editors. Wiley Online Library; 2011.

Kirkwood BR, Sterne JA. Essential medical statistics. John Wiley & Sons; 2010.
Frank EH. Regression modeling strategies with applications to linear models, logistic and ordinal regression, and survival analysis. Springer; 2015.

Olanrewaju O, Koyanagi A, Tully M, Veronese N, Smith L. Sedentary behaviours and cognitive function among community dwelling adults aged
50+ years: Results from the Irish longitudinal study of ageing. Mental Health and Physical Activity. 2020;19:100344.

Rosenberg DE, Bellettiere J, Gardiner PA, Villarreal VN, Crist K, Kerr J. Independent Associations Between Sedentary Behaviors and Mental, Cog-
nitive, Physical, and Functional Health Among Older Adults in Retirement Communities. J Gerontol A Biol Sci Med Sci. 2016;71(1):78-83. https://
doi.org/10.1093/gerona/glv103 PMID: 26273024

PLOS One | https://doi.org/10.1371/journal.pone.0323863 September 12, 2025 20/22



https://doi.org/10.1111/jnc.14725
http://www.ncbi.nlm.nih.gov/pubmed/31106417
https://doi.org/10.1093/geront/gnab120
http://www.ncbi.nlm.nih.gov/pubmed/34379115
https://doi.org/10.1038/sj.ijo.0801203
http://www.ncbi.nlm.nih.gov/pubmed/10849582
https://doi.org/10.2188/jea.je20110054
http://www.ncbi.nlm.nih.gov/pubmed/22156288
https://doi.org/10.1186/1471-2458-10-274
https://doi.org/10.1186/1471-2458-10-274
http://www.ncbi.nlm.nih.gov/pubmed/20500845
https://doi.org/10.1038/ijo.2008.249
https://doi.org/10.1038/ijo.2008.249
http://www.ncbi.nlm.nih.gov/pubmed/19136983
https://doi.org/10.1001/jama.2011.812
http://www.ncbi.nlm.nih.gov/pubmed/21673296
https://doi.org/10.1155/2012/191465
http://www.ncbi.nlm.nih.gov/pubmed/22851980
https://doi.org/10.1371/journal.pone.0020058
http://www.ncbi.nlm.nih.gov/pubmed/21647437
https://doi.org/10.1016/j.amepre.2023.11.004
http://www.ncbi.nlm.nih.gov/pubmed/38085195
https://doi.org/10.1016/S2468-2667(20)30284-X
http://www.ncbi.nlm.nih.gov/pubmed/33516288
https://doi.org/10.1007/s12603-014-0524-2
http://www.ncbi.nlm.nih.gov/pubmed/25651441
https://doi.org/10.1016/j.bandc.2004.09.020
http://www.ncbi.nlm.nih.gov/pubmed/15919546
https://doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/pubmed/33782057
https://doi.org/10.1007/s10654-010-9491-z
http://www.ncbi.nlm.nih.gov/pubmed/20652370
https://doi.org/10.1002/jrsm.1411
http://www.ncbi.nlm.nih.gov/pubmed/32336025
https://doi.org/10.1071/ah042720040
http://www.ncbi.nlm.nih.gov/pubmed/15525235
https://doi.org/10.4178/epih.e2019006
https://doi.org/10.4178/epih.e2019006
http://www.ncbi.nlm.nih.gov/pubmed/30999740
https://doi.org/10.1093/gerona/glv103
https://doi.org/10.1093/gerona/glv103
http://www.ncbi.nlm.nih.gov/pubmed/26273024

PLO\Sﬁ\\.- One

38. Allen MS, Laborde S, Walter EE. Health-Related Behavior Mediates the Association Between Personality and Memory Performance in Older
Adults. J Appl Gerontol. 2019;38(2):232-52. https://doi.org/10.1177/0733464817698816 PMID: 28380727

39. Fajersztajn L, Di Rienzo V, Nakamura CA, Scazufca M. Watching TV and Cognition: The SPAH 2-Year Cohort Study of Older Adults Living in
Low-Income Communities. Front Neurol. 2021;12:628489. https://doi.org/10.3389/fneur.2021.628489 PMID: 34248811

40. Chen JH, Lin KP, Chen YC. Risk factors for dementia. J Formos Med Assoc. 2009;108(10):754—64.
41. GRADEpro GDT. GRADEpro Guideline Development Tool. McMaster University and Evidence Prime; 2022. Available from:https://gradepro.org

42. Bakrania K, Edwardson CL, Khunti K, Bandelow S, Davies MJ, Yates T. Associations Between Sedentary Behaviors and Cognitive Function: Cross-Sectional
and Prospective Findings From the UK Biobank. Am J Epidemiol. 2018;187(3):441-54. https://doi.org/10.1093/aje/kwx273 PMID: 28992036

43. Chen F, Yoshida H. Lifestyle habits and the risk factors of dementia: Evidence from Japan. Geriatr Gerontol Int. 2021;21(2):203-8. https://doi.
org/10.1111/ggi. 14116 PMID: 33325103

44. Coelho L, Hauck K, McKenzie K, Copeland JL, Kan IP, Gibb RL, et al. The association between sedentary behavior and cognitive ability in older
adults. Aging Clin Exp Res. 2020;32(11):2339-47. https://doi.org/10.1007/s40520-019-01460-8 PMID: 31898168

45. Da Ronch C, Canuto A, Volkert J, Massarenti S, Weber K, Dehoust MC, et al. Association of television viewing with mental health and mild cogni-
tive impairment in the elderly in three European countries, data from the MentDis_ICF65+ project. Mental Health Phys Activ. 2015;8:8—14. https://
doi.org/10.1016/j.mhpa.2014.11.002

46. Heisz JJ, Vandermorris S, Wu J, McIntosh AR, Ryan JD. Age differences in the association of physical activity, sociocognitive engagement, and TV
viewing on face memory. Health Psychol. 2015;34(1):83-8. https://doi.org/10.1037/hea0000046 PMID: 24467255

47. Jopp D, Hertzog C. Activities, self-referent memory beliefs, and cognitive performance: evidence for direct and mediated relations. Psychol Aging.
2007;22(4):811-25. https://doi.org/10.1037/0882-7974.22.4.811 PMID: 18179299

48. Mellow ML, Dumuid D, Wade AT, Stanford T, Olds TS, Karayanidis F, et al. Twenty-four-hour time-use composition and cognitive function in older
adults: Cross-sectional findings of the ACTIVate study. Front Hum Neurosci. 2022;16:1051793. https://doi.org/10.3389/fnhum.2022.1051793 PMID:
36504624

49. Ringin E, Dunstan DW, Mcintyre RS, Owen N, Berk M, Rossell SL, et al. 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. Mental Health Phys Activ. 2023;24:100514. https://doi.org/10.1016/{.mhpa.2023.100514

50. Leesri T. The Study of Prevalence and Associated Factors of Dementia in the Elderly. Siriraj Med J. 2021;73(4):224-35. https://doi.org/10.33192/
smj.2021.30

51. Wanders L, Bakker EA, van Hout HP, Eijsvogels TM, Hopman MT, Visser LN, et al. Association between sedentary time and cognitive function: A
focus on different domains of sedentary behavior. Prevent Med. 2021;153:106731.

52. Yuan M, Chen J, HanY, Wei X, Ye Z, Zhang L, et al. Associations between modifiable lifestyle factors and multidimensional cognitive health
among community-dwelling old adults: stratified by educational level. Int Psychogeriatr. 2018;30(10):1465-76. https://doi.org/10.1017/
S1041610217003076 PMID: 29444740

53. Fancourt D, Steptoe A. Television viewing and cognitive decline in older age: findings from the English Longitudinal Study of Ageing. Sci Rep.
2019;9(1):2851. https://doi.org/10.1038/s41598-019-39354-4 PMID: 30820029

54. Hamer M, Stamatakis E. Prospective study of sedentary behavior, risk of depression, and cognitive impairment. Med Sci Sports Exerc.
2014;46(4):718-23. https://doi.org/10.1249/MSS.0000000000000156 PMID: 24121248

55. Hoang TD, Reis J, Zhu N, Jacobs DR, Launer LJ, Whitmer RA, et al. Effect of early adult patterns of physical activity and television viewing on
midlife cognitive function. JAMA Psychiat. 2016;73(1):73-9.

56. Kesse-Guyot E, Charreire H, Andreeva VA, Touvier M, Hercberg S, Galan P, et al. Cross-sectional and longitudinal associations of different seden-
tary behaviors with cognitive performance in older adults. 2012.

57. LinY-K, Peters K, Chen I-H. Television watching, reading, cognition, depression and life satisfaction among middle-aged and older populations: A
group-based trajectory modelling analysis of national data. Health Soc Care Community. 2022;30(6):e5661—72. https://doi.org/10.1111/hsc.13993
PMID: 36057964

58. Maasakkers CM, Claassen JAHR, Scarlett S, Thijssen DHJ, Kenny RA, Feeney J, et al. Is there a bidirectional association between sedentary
behaviour and cognitive decline in older adults? Findings from the Irish Longitudinal Study on Ageing. Prev Med Rep. 2021;23:101423. https://doi.
org/10.1016/j.pmedr.2021.101423 PMID: 34258171

59. Major L, Simonsick EM, Napolitano MA, DiPietro L. Domains of sedentary behavior and cognitive function: the health, aging, and body composition
study, 1999/2000 to 2006/2007. J Gerontol Series A. 2023;78(11):2035—41.

60. Nemoto Y, Sato S, Kitabatake Y, Takeda N, Maruo K, Arao T. Do the Impacts of Mentally Active and Passive Sedentary Behavior on Dementia Inci-
dence Differ by Physical Activity Level? A 5-year Longitudinal Study. J Epidemiol. 2023;33(8):410-8. https://doi.org/10.2188/jea.JE20210419 PMID:
35569952

61. Palta P, Sharrett AR, Deal JA, Evenson KR, Gabriel KP, Folsom AR, et al. Leisure-time physical activity sustained since midlife and preserva-
tion of cognitive function: The Atherosclerosis Risk in Communities Study. Alzheimers Dement. 2019;15(2):273-81. https://doi.org/10.1016/j.
jalz.2018.08.008 PMID: 30321503

PLOS One | https://doi.org/10.1371/journal.pone.0323863 September 12, 2025 21/22



https://doi.org/10.1177/0733464817698816
http://www.ncbi.nlm.nih.gov/pubmed/28380727
https://doi.org/10.3389/fneur.2021.628489
http://www.ncbi.nlm.nih.gov/pubmed/34248811
https://gradepro.org
https://doi.org/10.1093/aje/kwx273
http://www.ncbi.nlm.nih.gov/pubmed/28992036
https://doi.org/10.1111/ggi.14116
https://doi.org/10.1111/ggi.14116
http://www.ncbi.nlm.nih.gov/pubmed/33325103
https://doi.org/10.1007/s40520-019-01460-8
http://www.ncbi.nlm.nih.gov/pubmed/31898168
https://doi.org/10.1016/j.mhpa.2014.11.002
https://doi.org/10.1016/j.mhpa.2014.11.002
https://doi.org/10.1037/hea0000046
http://www.ncbi.nlm.nih.gov/pubmed/24467255
https://doi.org/10.1037/0882-7974.22.4.811
http://www.ncbi.nlm.nih.gov/pubmed/18179299
https://doi.org/10.3389/fnhum.2022.1051793
http://www.ncbi.nlm.nih.gov/pubmed/36504624
https://doi.org/10.1016/j.mhpa.2023.100514
https://doi.org/10.33192/smj.2021.30
https://doi.org/10.33192/smj.2021.30
https://doi.org/10.1017/S1041610217003076
https://doi.org/10.1017/S1041610217003076
http://www.ncbi.nlm.nih.gov/pubmed/29444740
https://doi.org/10.1038/s41598-019-39354-4
http://www.ncbi.nlm.nih.gov/pubmed/30820029
https://doi.org/10.1249/MSS.0000000000000156
http://www.ncbi.nlm.nih.gov/pubmed/24121248
https://doi.org/10.1111/hsc.13993
http://www.ncbi.nlm.nih.gov/pubmed/36057964
https://doi.org/10.1016/j.pmedr.2021.101423
https://doi.org/10.1016/j.pmedr.2021.101423
http://www.ncbi.nlm.nih.gov/pubmed/34258171
https://doi.org/10.2188/jea.JE20210419
http://www.ncbi.nlm.nih.gov/pubmed/35569952
https://doi.org/10.1016/j.jalz.2018.08.008
https://doi.org/10.1016/j.jalz.2018.08.008
http://www.ncbi.nlm.nih.gov/pubmed/30321503

PLO\Sﬁ\\.- One

62.

63.

64.

65.

66.

67.

68.

69.

70.

7.

72.

73.

74.

75.

76.

77.

78.

79.

Raichlen DA, Klimentidis YC, Sayre MK, Bharadwaj PK, Lai MHC, Wilcox RR, et al. Leisure-time sedentary behaviors are differentially associ-
ated with all-cause dementia regardless of engagement in physical activity. Proc Natl Acad Sci U S A. 2022;119(35):€2206931119. https://doi.
org/10.1073/pnas.2206931119 PMID: 35994664

Shin SH, Park S, Wright C, D’astous VA, Kim G. The Role of Polygenic Score and Cognitive Activity in Cognitive Functioning Among Older Adults.
Gerontologist. 2021;61(3):319-29. https://doi.org/10.1093/geront/gnaa073 PMID: 32564085

Takeuchi H, Kawashima R. Effects of television viewing on brain structures and risk of dementia in the elderly: Longitudinal analyses. Front Neuro-
sci. 2023;17:984919. https://doi.org/10.3389/fnins.2023.984919 PMID: 36968501

Wang JYJ, Zhou DHD, Li J, Zhang M, Deng J, Tang M, et al. Leisure activity and risk of cognitive impairment: the Chongqing aging study. Neurol-
ogy. 2006;66(6):911-3. https://doi.org/10.1212/01.wnl.0000192165.99963.2a PMID: 16291928

Zhang W, Feng Q, Fong JH, Chen H. Leisure Participation and Cognitive Impairment Among Healthy Older Adults in China. Res Aging.
2023;45(2):185-97. https://doi.org/10.1177/01640275221082151 PMID: 35422158

Shi H, Hu FB, Huang T, Schernhammer ES, Willett WC, Sun Q, et al. Sedentary Behaviors, Light-Intensity Physical Activity, and Healthy Aging.
JAMA Netw Open. 2024;7(6):€2416300. https://doi.org/10.1001/jamanetworkopen.2024.16300 PMID: 38861256

Ramos H, Alacreu M, Guerrero MD, Sanchez R, Moreno L. Lifestyle Variables Such as Daily Internet Use, as Promising Protective Factors against
Cognitive Impairment in Patients with Subjective Memory Complaints. Preliminary Results. J Pers Med. 2021;11(12):1366. https://doi.org/10.3390/
ipm11121366 PMID: 34945838

Van Der Goot M, Beentjes JWJ, Van Selm M. Older Adults’ Television Viewing from a Life-Span Perspective: Past Research and Future Chal-
lenges. Ann Int Commun Assoc. 2006;30(1):431-69. https://doi.org/10.1080/23808985.2006.11679063

Harvey JA, Chastin SFM, Skelton DA. How Sedentary are Older People? A Systematic Review of the Amount of Sedentary Behavior. J Aging Phys
Act. 2015;23(3):471-87. https://doi.org/10.1123/japa.2014-0164 PMID: 25387160

Mares ML, Woodard Iv EH. In search of the older audience: Adult age differences in television viewing. J Broadcast Electr Media.
2006;50(4):595-614.

Gardner B, lliffe S, Fox KR, Jefferis BJ, Hamer M. Sociodemographic, behavioural and health factors associated with changes in older adults’ TV
viewing over 2 years. Int J Behav Nutr Phys Act. 2014;11:102. https://doi.org/10.1186/s12966-014-0102-3 PMID: 25927293

Dougherty RJ, Hoang TD, Launer LJ, Jacobs DR, Sidney S, Yaffe K. Long-term television viewing patterns and gray matter brain volume in midlife.
Brain Imaging Behav. 2022;16(2):637—44. https://doi.org/10.1007/s11682-021-00534-4 PMID: 34487279

Wu H, Gu Y, DuW, Meng G, Wu H, Zhang S, et al. Different types of screen time, physical activity, and incident dementia, Parkinson’s disease,
depression and multimorbidity status. Int J Behav Nutr Phys Act. 2023;20(1):130. https://doi.org/10.1186/s12966-023-01531-0 PMID: 37924067

Dempsey PC, Howard BJ, Lynch BM, Owen N, Dunstan DW. Associations of television viewing time with adults’ well-being and vitality. Prev Med.
2014;69:69-74.

Falck RS, Davis JC, Liu-Ambrose T. What is the association between sedentary behaviour and cognitive function? A systematic review. Br J Sports
Med. 2017;51(10):800-11. https://doi.org/10.1136/bjsports-2015-095551 PMID: 27153869

Hammermeister J, Brock B, Winterstein D, Page R. Life without TV? cultivation theory and psychosocial health characteristics of television-free
individuals and their television-viewing counterparts. Health Commun. 2005;17(3):253-64. https://doi.org/10.1207/s15327027hc1703_3 PMID:
15855072

Sciences NAo, Behavioral Do, Sciences S, Division M, Behavioral Bo, Sciences S, et al. Social isolation and loneliness in older adults: Opportuni-
ties for the health care system. National Academies Press; 2020.

Sebastian MJ, Khan SK, Pappachan JM, Jeeyavudeen MS. Diabetes and cognitive function: An evidence-based current perspective. World J
Diabetes. 2023;14(2):92—-109. https://doi.org/10.4239/wjd.v14.i2.92 PMID: 36926658

PLOS One | https://doi.org/10.1371/journal.pone.0323863 September 12, 2025 22122



https://doi.org/10.1073/pnas.2206931119
https://doi.org/10.1073/pnas.2206931119
http://www.ncbi.nlm.nih.gov/pubmed/35994664
https://doi.org/10.1093/geront/gnaa073
http://www.ncbi.nlm.nih.gov/pubmed/32564085
https://doi.org/10.3389/fnins.2023.984919
http://www.ncbi.nlm.nih.gov/pubmed/36968501
https://doi.org/10.1212/01.wnl.0000192165.99963.2a
http://www.ncbi.nlm.nih.gov/pubmed/16291928
https://doi.org/10.1177/01640275221082151
http://www.ncbi.nlm.nih.gov/pubmed/35422158
https://doi.org/10.1001/jamanetworkopen.2024.16300
http://www.ncbi.nlm.nih.gov/pubmed/38861256
https://doi.org/10.3390/jpm11121366
https://doi.org/10.3390/jpm11121366
http://www.ncbi.nlm.nih.gov/pubmed/34945838
https://doi.org/10.1080/23808985.2006.11679063
https://doi.org/10.1123/japa.2014-0164
http://www.ncbi.nlm.nih.gov/pubmed/25387160
https://doi.org/10.1186/s12966-014-0102-3
http://www.ncbi.nlm.nih.gov/pubmed/25927293
https://doi.org/10.1007/s11682-021-00534-4
http://www.ncbi.nlm.nih.gov/pubmed/34487279
https://doi.org/10.1186/s12966-023-01531-0
http://www.ncbi.nlm.nih.gov/pubmed/37924067
https://doi.org/10.1136/bjsports-2015-095551
http://www.ncbi.nlm.nih.gov/pubmed/27153869
https://doi.org/10.1207/s15327027hc1703_3
http://www.ncbi.nlm.nih.gov/pubmed/15855072
https://doi.org/10.4239/wjd.v14.i2.92
http://www.ncbi.nlm.nih.gov/pubmed/36926658
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

