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Abstract 

Background Several previous studies have shown that excessive screen time is associated with an increased preva-
lence of dementia, Parkinson’s disease (PD), and depression. However, the results have been inconsistent. This study 
aimed to prospectively investigate the association between different types of screen time and brain structure, as well 
as the incidence of dementia, Parkinson’s disease, depression, and their multimorbidity status.

Methods We included 473,184 participants initially free of dementia, PD, and depression from UK Biobank, as well 
as 39,652 participants who had magnetic resonance imaging (MRI) data. Screen time exposure variables including TV 
viewing and computer using were self-reported by participants. Cox proportional hazards regression models were 
used to estimate the association between different types of screen time and the incidence of dementia, Parkinson’s 
disease, depression, and their multimorbidity status. Multiple linear regression models were used to assess the linear 
relationship between different types of screen time and MRI biomarkers in a subgroup of participants.

Results During the follow up, 6,096, 3,061, and 23,700 participants first incident cases of dementia, PD, and depres-
sion respectively. For moderate versus the lowest computer uses, the adjusted HRs (95% CIs) were 0.68 (0.64, 0.72) 
for dementia, 0.86 (0.79, 0.93) for PD, 0.85 (0.83, 0.88) for depression, 0.64 (0.55, 0.74) for dementia and depression 
multimorbidity, and 0.59 (0.47, 0.74) for PD and depression multimorbidity. The multivariable HRs (95% CIs) for  
the highest versus the lowest group of TV viewing time were 1.28 (1.17, 1.39) for dementia, 1.16 (1.03, 1.29) for PD, 1.35 
(1.29, 1.40) for depression, 1.49 (1.21, 1.84) for dementia and depression multimorbidity, and 1.44 (1.05, 1.97) for PD 
and depression multimorbidity. Moderate computer using time was negatively associated with white matter hyperin-
tensity volume (β = -0.042; 95% CI -0.067, -0.017), and positively associated with hippocampal volume (β = 0.059; 95% 
CI 0.034, 0.084). Participants with the highest TV viewing time were negatively associated with hippocampal volume 
(β = -0.067; 95% CI -0.094, -0.041). In isotemporal substitution analyses, substitution of TV viewing or computer using 
by equal time of different types of PA was associated with a lower risk of all three diseases, with strenuous sports 
showing the strongest benefit.
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Conclusion We found that moderate computer use was associated with a reduced risk of dementia, PD, depression 
and their multimorbidity status, while increased TV watching was associated with a higher risk of these disease. Nota-
bly, different screen time may affect the risk of developing diseases by influencing brain structures. Replacing different 
types of screen time with daily-life PA or structured exercise is associated with lower dementia, PD, and depression 
risk.

Keywords Screen time, Dementia, Parkinson’s disease, Depression, Magnetic resonance imaging

Introduction
Neurodegenerative disorders are incurable diseases 
that cause progressive degeneration or death of nerve 
cells and affect approximately one billion people world-
wide [1]. Dementia and Parkinson’s disease (PD) are the 
two most prevalent neurodegenerative diseases, and the 
global incidence of these diseases are increasing rapidly 
due to the aging of the population. Dementia is a syn-
drome in which there is a deterioration in cognitive func-
tion that interferes with independent daily functions [2]. 
Currently, more than 55 million people worldwide live 
with dementia, and there are nearly 10 million new cases 
every year [3]. Motor symptoms, such as bradykinesia, 
muscular rigidity, and a rest tremor of 4–6 Hz, are com-
monly observed in individuals with PD [4]. In 2016, an 
estimated 6.1 million individuals globally were diagnosed 
with PD, which is 2.4 times higher than the number of 
diagnoses in 1990 [5]. Depression is a common comor-
bidity of neurodegeneration, affecting an estimated 350 
million people worldwide [6]. Mental health costs have 
considerably exceeded in recent years, and the global 
cumulative economic loss is estimated to be $5.36 trillion 
from 2011 to 2030 [7]. Neurodegenerative disorders and 
depression are comorbid conditions that share some of 
the same, largely modifiable, risk and protective factors.

Although associations between screen time and 
dementia have been examined [8, 9], evidence still lack 
regarding the development of PD, depression, and mul-
timorbidity status. Previous studies have demonstrated 
that screen time may have effects on cognition and 
structural brain aging [10, 11]. Specific patterns of brain 
atrophy, assessed by structural magnetic resonance imag-
ing (MRI), are valid markers of neurodegeneration [12]. 
Although MRI is widely used in research, the association 
between different types of screen time and brain volume 
is sparse and inconclusive.

The health benefits associated with physical activ-
ity (PA) have been well-established [13–15]. The latest 
guidelines on PA and sedentary behavior from the World 
Health Organization recommend replacing sedentary 
time with PAs of any intensity, including light-intensity 
activities, to provide health benefits [16]. Previous studies 
have revealed that replacing sedentary time with equiva-
lent amounts of PA might be associated with a reduced 

risk of type 2 diabetes, frailty, depressive symptoms, and 
mortality [17–20]. However, investigators have typically 
examined various types of screen time and structured 
exercises separately, without considering the displace-
ment of time-dependent behaviors.

This study aimed, therefore, to determine the associa-
tion between different types of screen time and the risk 
of dementia, PD, depression, and multimorbidity status. 
Furthermore, using the large-scale brain imaging data 
from the UK Biobank, we aimed to investigate the asso-
ciation between different types of screen time and brain 
structure. Finally, we used the same cohort to investigate 
the association between different types of screen time 
and PA with the risk of developing dementia, PD, and 
depression. We assessed different time displacements 
using the isotemporal substitution model (ISM). We 
hypothesized that different types of screen time exhibit 
distinct associations with the risk of these diseases and 
brain structure. Additionally, we predicted that replac-
ing screen time with PA would reduce the risk of these 
diseases.

Methods
Study population
The UK Biobank is a prospective population-based 
cohort study that recruited half a million men and 
women (with a 5.5% response rate) aged 39–72  years 
from the general population between 2006 and 2010 
[21]. Detailed information on the study population of 
the UK Biobank Study is presented in the Supplementary 
Methods.

Assessment of dementia, PD, depression 
and multimorbidity status
Prevalent and incident cases of dementia and depression 
within the UK Biobank were identified using inpatient 
records. These records contained data on admissions and 
diagnoses obtained from the Hospital Episode Statistics. 
Diagnoses were recorded using the International Clas-
sification of Diseases (version 10; code ICD-10) coding 
system. We defined outcomes according to the ICD-10: 
dementia (F00, F01, F02, F05.1, F10.6, G30, G31.0, G31.1, 
G31.8, A81.0, and I67.3), PD (G20), and depression (F32, 
F33). Multimorbidity is defined as the presence of two 
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or more chronic diseases occurring simultaneously in an 
individual. The date of updating the linkages to hospital 
inpatient admission and death registries was September 
20, 2021 in England, July 31, 2021 in Scotland, and Febru-
ary 28, 2018 in Wales for this study.

Assessment of screen time
In the UK Biobank, relevant screen time exposure vari-
ables were assessed through self-reported time spent 
watching TV and using the computer outside of work. 
TV viewing time was assessed by asking the follow-
ing question: “In a typical DAY, how many hours do 
you spend watching TV? (Put 0 if you do not spend any 
time doing it)” Daily recreational computer use time was 
assessed by asking the following question: “In a typical 
DAY, how many hours do you spend using the computer? 
(Do not include using a computer at work; put 0 if you do 
not spend any time doing it)” Durations of less than 0 h 
or more than 24 h were rejected. If the participants watch 
TV for more than 8 h or use a computer for more than 
6 h, they are asked to confirm. If the respondent replied 
“Less than an hour a day”, this was recorded as 0.5 h/day.

Assessment of physical activity
Total PA was assessed using a modified version of the 
International Physical Activity Questionnaire (IPAQ). 
Participants were asked to report the frequency and 
duration of walking, moderate, and vigorous activities 
on a typical day or week over the past four weeks. This 
is a validated questionnaire that previous studies have 
demonstrated reliability and validity [22, 23]. Details on 
the definition of PA were provided in the Supplementary 
Methods.

MRI data acquisition and processing
MRI data were acquired using a Siemens Skyra 3 T scan-
ner (Siemens Healthcare, Erlangen, Germany) with a 
standard 32-channel head coil. Details of the freely avail-
able protocol are available at http:// www. fmrib. ox. ac. uk/ 
ukbio bank/ proto col/ V4_ 23092 014. pdf. The T1 and T2 
weighted scans were analyzed using the Functional Mag-
netic Resonance Imaging of the Brain Software Library. 
Total brain volume was calculated by adding the volumes 
of gray matter and white matter. The volumes of the total 
brain, grey matter, white matter, and white matter hyper-
intensity (WMH) were normalized for head size [24].

Assessment of covariates
To mitigate the influence of confounding variables that 
may distort the associations with incident diseases, we 
incorporated socio-demographic information, lifestyle 
factors, and anthropometric measurements as covariates 

in the analysis. Details on the definition of covariates 
were provided in the Supplementary Methods.

Statistical analysis
Person-years of follow-up for each participant in the 
UK Biobank were calculated from the date of first com-
pleting the Oxford WebQ dietary assessment until the 
date of incident dementia, PD or depression, death, loss 
to follow-up, or the end of the study. For the follow-up, 
the status of multimorbidity status was calculated until 
the date of the incident second disease. The normal-
ity of the continuous variables was examined using a 
Q-Q plot. Baseline characteristics of the study partici-
pants were presented as medians (interquartile range) or 
means (standard deviation) for continuous variables and 
as percentages for categorical variables, categorized by 
TV viewing time and computer usage time. We further 
defined TV viewing time and computer using time into 
the following categories: 0 to 1, 2, 3, and ≥ 4 h per day for 
TV viewing, and 0, 0.5 to 1, 2 to 3, and ≥ 4 h per day for 
computer using. The Cox proportional hazards regres-
sion model was used to assess the hazard ratios (HRs) 
and 95% confidence intervals (CIs) for the incidence of 
dementia, PD, depression or multimorbidity status across 
baseline categories of TV viewing time and computer 
using time. The proportional hazards assumption was 
tested using Schoenfeld residuals, and no violation of this 
assumption was found in our analyses. Restricted cubic 
spline models were used to semi-parametrically investi-
gate the dose–response relationships between TV view-
ing time and computer using time and the incidence of 
dementia, PD, depression, and multimorbidity status. 
More detailed information can be found in the Supple-
mentary Methods.

Multivariable linear regression models were used to 
examine the association between computer using time or 
TV viewing time and WMH, hippocampal volume, total 
brain volume, white matter volume, and gray matter vol-
ume. (Supplementary Methods).

In order to further investigate whether engaging in 
discretionary PA can mitigate the risk of dementia, PD, 
and depression caused by different types of screen time, 
we conducted an ISM to evaluate the impact of replac-
ing one type of PA with one type of screen time for  
an equivalent duration (in this case, 30  min/day) [25] 
(Supplementary Methods).

The interaction between different categories of screen 
time and PA was assessed using the likelihood ratio test. 
This was done by including a multiplicative interaction 
term in the fully adjusted models. Moreover, to inves-
tigate the joint associations of categories of different 
types of screen time and PA (low, medium, and high) 
on the development of dementia, PD, and depression, 

http://www.fmrib.ox.ac.uk/ukbiobank/protocol/V4_23092014.pdf
http://www.fmrib.ox.ac.uk/ukbiobank/protocol/V4_23092014.pdf
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participants were divided into 3 × 4 groups. The reference 
group consisted of individuals with high levels of PA and 
the lowest categories of screen time.

In sensitivity analyses, we conducted stratified analy-
ses because sedentary behavior varies by gender and age. 
Moreover, we excluded individuals who were diagnosed 
with dementia, PD, or depression within the first 3 years 
of follow-up to consider the potential influence of reverse 
causation.

Hazard ratios, along with their corresponding 95% CI 
were calculated. A two-sided p < 0.05 was considered 
statistically significant. The statistical analyses were per-
formed using SAS version 9.3 (SAS Institute Inc., Gary, 
NC, USA) and R software version 3.6.1.

Results
In the UK Biobank, we excluded participants with incom-
plete information on screen time (n = 15,930), extreme 
values of exposure data (abnormal values beyond the 
mean ± 4 standard deviations: n = 9,071), and those with 
dementia, PD, or depression at baseline (n = 4,345). A 
total of 473,184 participants were finally included in our 
study (Fig. 1).

In the present study, 6,091 (1.29%) participants devel-
oped dementia, 3,054 (0.65%) participants developed 
PD, 23,632 (4.99%) participants developed depression, 
1,214 (0.26%) participants developed both dementia and 
depression multimorbidity, and 486 (0.10%) participants 
developed both PD and depression multimorbidity. The 

baseline characteristics of the study participants from 
the UK Biobank are shown in Table 1. Participants with 
the highest TV viewing time were older, more likely to 
be male, had a higher body mass index (BMI), lower PA 
and were more likely to be previous or current smok-
ers. Participants with the highest computer using time 
were younger, more likely to be male, had a higher BMI, 
lower PA and were previous or current smokers. Table 
S1 shows the baseline characteristics of participants with 
MRI data (n = 39,652).

The adjusted association between different types of 
screen time and risk of dementia, PD, depression, and 
multimorbidity status is indicated in Table  2. After 
adjusting for multiple confounders, the multivariable 
HRs (95% CIs) of dementia across categories of com-
puter using time levels were 1.00 (reference) for 0  h/
day, 0.68 (0.64, 0.72) for 0.5–1 h/day, 0.76 (0.70, 0.82) for 
2–3 h/day, and 0.77 (0.68, 0.88) for ≥ 4 h/day. In the fully 
adjusted model, the HR (95% CI) of dementia was 1.28 
(1.17, 1.39) for individuals who watched TV for ≥ 4  h/
day compared to those who watched TV for 0–1 h/day. 
In comparisons with participants in the lowest category 
of computer using time, the HRs (95% CIs) of PD were 
0.86 (0.79, 0.93) for 0.5–1  h/day, 0.91 (0.82, 1.01) for 
2–3 h/day, and 1.10 (0.94, 1.30) for ≥ 4 h/day, respectively. 
Participants with the highest TV viewing time had a sig-
nificantly higher risk (HR = 1.16, 95% CI: 1.03–1.29) for  
PD compared to those with the lowest TV viewing 
time (0–1  h/day). For depression, the multivariable HRs  

Fig. 1 Selection of study participants
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(95% CIs) comparing the lowest category of computer using  
time were 0.85 (0.83, 0.88) for 0.5–1  h/day, 1.00 (0.97, 
1.04) for 2–3  h/day, and 1.07 (1.01, 1.13) for ≥ 4  h/day. 
Participants with the highest TV viewing time had a sig-
nificantly higher risk (HR = 1.35, 95% CI: 1.29–1.40) for 
depression compared to those with the lowest TV view-
ing time (0–1  h/day). In the sensitivity analysis, Table 
S2 presents results stratified by age and sex subgroups. 
The associations between different types of screen time 
and the risk of diseases were generally similar among 
all subgroups. However, in the subgroup of female and 
age < 60, the association between the highest TV view-
ing time and the risk of PD were not statistically signifi-
cant. The null association between TV viewing time and 
the risk of PD and depression multimorbidity in all sub-
groups is likely due to the small number of participants 
who developed this multimorbidity disease. A similar 
association between different types of screen time and 
the risk of dementia, PD, depression, and multimorbid-
ity status was observed after excluding of participants 
who were diagnosed with these diseases within the first 
3  years of follow-up (Table S3). In the multi-adjusted 
models, a restricted cubic spline model revealed a signifi-
cant non-linear U-shaped association between computer 
using time and the risk of dementia, DP, depression, 
and multimorbidity status (all p-values for non-linear-
ity < 0.001). TV viewing time showed positive associa-
tions with dementia, DP, depression, and multimorbidity 
status in the restricted cubic spline model. Additionally, 
it exhibited a significant non-linear association with 
dementia (p for non-linearity = 0.0027), depression (p for 
non-linearity < 0.0001), and the pooled result (p for non-
linearity < 0.0001) (Figures S1). Our results showed that 
compared to participants who do not use computers, the 
risk of developing certain conditions generally appeared 
to decrease with small amounts of computer use. How-
ever, the risk then increased again with longer hours 
of computer use. In contrast, for TV viewing, the risk 
seemed to increase exponentially with greater exposure.

We also conducted isotemporal substitution analy-
ses to investigate whether engaging in discretionary PA 
can mitigate the risk of dementia, PD, and depression 
induced by excessive computer using time or TV view-
ing time. Because of the significant non-linear U-shaped 
association showed protective effect of small amounts of 
computer using, we excluded people who have computer 
using time for less than one hour. In the isotemporal sub-
stitution analyses, replacing 30 min/day computer using 
time or TV viewing time with an equal amount of time 
of different types of activities was associated with sig-
nificantly lower risks of dementia, PD, and depression 
(Fig. 2).

Replacing 30  min/day computer using time with an 
equal amount of time of daily-life activity and structured 
exercise was associated with 4% (HR 0.96 [95% CI 0.93, 
1.00]) and 10% (0.74 [0.85, 0.95]) reductions of demen-
tia risk, 7% (HR 0.93 [95% CI 0.89, 0.97]) and 16% (0.84 
[0.78, 0.90]) reductions of PD risk, 3% (HR 0.97 [95% CI 
0.95, 0.98]) and 14% (0.86 [0.84, 0.89]) reductions of PD 
risk, respectively. For replacing 30  min/day TV viewing 
time, the reduction was 6% (HR 0.94 [95% CI 0.91, 0.97]) 
and 12% (0.88 [0.83, 0.93]) for dementia risk, 6% (HR 
0.94 [95% CI 0.90, 0.98]) and 16% (0.84 [0.79, 0.91]) for 
PD risk, 5% (HR 0.95 [95% CI 0.93, 0.96]) and 15% (0.85 
[0.82, 0.87]) for depression risk, respectively. In assess-
ment of the specific types of PA, the greatest risk reduc-
tion was found in modeling 30  min/day reallocations 
from computer using time or TV viewing time into stren-
uous sports in all the ISM.

We also found a significant interaction between com-
puter using time or TV viewing time and levels of PA 
on the risk of incident dementia or depression (all p for 
interaction < 0.01). Furthermore, we examined joint asso-
ciations of different types of screen time and levels of 
PA (Fig.  3). In analyses of these joint associations, with 
high PA level and low computer using time or TV view-
ing time as the reference group, there is a clear pattern 
in which moderate computer using time was associated 
with decreased disease risk and the highest TV viewing 
time was significantly associated with increased disease 
risk across all levels of PA. Moreover, there was substan-
tially increased risk of dementia and depression among 
those with both low PA and highest TV viewing time.

Table  3 showed the relationship between computer 
using time or TV viewing time and brain MRI indi-
ces. Compared with the lowest group, moderate com-
puter using time was negatively associated with WMH 
(β = -0.042; 95% CI -0.067, -0.017), and positively associ-
ated with hippocampal volume (β = 0.059; 95% CI 0.034, 
0.084). Compared with the lowest group, participants in 
the highest computer using time were negatively associ-
ated with total brain volume (β = -0.076; 95% CI -0.117, 
-0.035), and total white matter volume (β = -0.097; 95% 
CI -0.145, -0.050). Furthermore, compared with the low-
est group, participants in the highest TV viewing time 
were negatively associated with hippocampal volume 
(β = -0.067; 95% CI -0.094, -0.041), and positively asso-
ciated with total brain volume (β = 0.072; 95% CI 0.041, 
0.097) and total gray matter volume (β = 0.095; 95% CI 
0.073, 0.118). Figures S2 showed the non-linear effects of 
computer using time or TV viewing time on MRI indi-
ces. Our results showed that compared to participants 
who do not use computers, small amounts of computer 
using seemed to be negatively associated with WMH and 
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positively associated with hippocampal volume. As com-
puter using time increases, the β for WMH approaches 
zero, while the β for hippocampal volume reaches a plat-
form stage. For TV viewing, the β for hippocampal vol-
ume seems to decrease exponentially with exposure, and 
the increase of β for total brain volume and gray matter 
volume started to decelerate.

Discussion
The main novel finding of this study is that TV viewing 
time was positively associated with an increased risk 
of dementia, PD, depression and their multimorbidity 
status, while computer using time showed a U-shaped 
association with a minimum risk at 0.5–1  h/day. These 
associations remained significant even after considering 

Fig. 2 HRs for dementia, Parkinson’s disease and depression according to isotemporal substitution of 30 min/day computer using or TV viewing 
with equivalent durations of each different type of physical activity. Models are fully adjusted for total discretionary time, time of each type 
of physical activity and other covariates (Table 2 gives full list of covariates)
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various traditional risk factors. Furthermore, moderate 
computer using was found to have a negative association 
with WMH and a positive association with hippocam-
pal volume. On the other hand, TV viewing was found 
to have a negative association with hippocampal volume. 
Moreover, we also found that replacing 30  min/day TV 
viewing or computer using with an equal amount of time 
engaging in different types of PA was associated with a 
lower risk of dementia, PD, and depression. Strenuous 
sports showed the strongest benefit.

In the present study, engaging in extended periods of 
computer using or TV viewing is associated with a higher 
risk of dementia, PD, and depression. Previous studies 
have shown that sedentary behavior is associated with 
lower cognitive performance [26]. Furthermore, the 
results from the English Longitudinal Study of Ageing 
revealed that TV viewing time was associated with higher 
levels of depression among a cohort of community-dwell-
ing older adults [27]. In observational studies, television 
viewing and computer using often serve as indicators of 

Fig. 3 Joint association of PA and computer using or TV viewing with risk of incident dementia, Parkinson’s disease, and depression. Models are fully 
adjusted (Table 2 gives full list of covariates). Reference categories are the lowest risk for each group (i.e., high PA and low TV watching or high PA 
and low computer using)
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sedentary behaviors [28, 29]. These activities are consid-
ered to have low-energy expenditure and have been asso-
ciated with increased rates of metabolic syndrome, type 
2 diabetes, obesity, and cardiovascular disease [30]. The 
link between cardiovascular health and and the risk of 
dementia and PD risk has been well established [31, 32]. 
In addition, sedentary behavior is also associated with 
biomarkers of low-grade inflammation [33] and changes 
in inflammation markers that could initiate or worsen 
neuroinflammation and contribute to neurodegenera-
tion. This process might contribute to dementia, PD, and 
depression [34–36]. Furthermore, individuals who spend 
more time watching TV may be characterized by their 
preference for solitary, non-social leisure activities. This 
can lead to social isolation and limit the development 
of social support networks [37]. According to current 
research results, social support networks appear to have 
a protective effect on the occurrence of depression [38]. 
Participants who engage in excessive computer use may 
spend a significant amount of time on the Internet, espe-
cially on social media platforms. This has prompted some 
individuals to advocate for the recognition of “Internet 
addiction” [39, 40]. Previous studies have shown a sig-
nificantly increased risk of developing clinical depression 

among participants who report moderate or severe Inter-
net addiction [41, 42].

In the present study, moderate computer using time 
(i.e., approximately 0.5–1  h/day) is associated with a 
lower risk of dementia, PD, and depression. Although 
the biological pathways underlying the observed negative 
association have not been fully elucidated, there is some 
evidence that may explain the association. First, com-
pared to TV viewing, computer using may require muscu-
lar activity, and users are not consistently still when using 
a computer. Thus, energy expenditure during TV viewing 
might be lower than during computer use [43] which may 
result in a positive association between TV viewing and 
cardiometabolic risk, but a negative association for mod-
erate computer use [44]. Ultimately, the process might 
influence brain health [31, 32, 45]. Second, individuals 
who increas their engagement in cognitively stimulating 
leisure activities, such as computers usage, have a reduced 
risk of cognitive decline [27, 46]. Third, more people 
choose are choosing computer for social interaction [47]. 
Online communication with friends and family increases 
one’s perceived social support and reduces feelings of 
loneliness and social isolation, lowering depression and 
improving mental health [48].

Table 3 Association between different types of screentime with brain MRI indices in the UK Biobank  Studya

Model 1 was adjusted for age, sex, and body mass index

Model 2 was additionally adjusted for race, smoking status, alcohol drinking status, education level, visiting friends, living alone, physical activity, Townson depretive 
index, healthy dietary score, family history of disease (including dementia, PD, and depression), hypertension, diabetes, and computer using time in TV analysis or TV 
viewing time in computer analysis
a Obtained by using linear regression model
b MRI indices were transformed into Z-scores
c Beta coefficients (β) (95% confidence interval) (all such values)

MRI indices b Computer use outside of work, hours/day (0 is reference) TV viewing time, hours/day (0 to 1 is reference)

0.5 to 1 2 to 3  ≥ 4 2 3  ≥ 4

White matter hyperintensity volume
 Model 1 -0.055 (-0.080, 

-0.030) c
-0.019 (-0.049, 0.011) -0.015 (-0.058, 0.028) -0.002 (-0.025, 0.020) 0.009 (-0.016, 0.034) 0.026 (0.000, 0.052)

 Model 2 -0.042 (-0.067, -0.017) -0.015 (-0.045, 0.015) -0.018 (-0.061, 0.025) -0.006 (-0.028, 0.017) -0.004 (-0.029, 0.021) 0.002 (-0.024, 0.029)

Hippocampal volume
 Model 1 0.090 (0.065, 0.115) 0.077 (0.047, 0.107) 0.051 (0.008, 0.094) -0.020 (-0.042, 0.003) -0.045 (-0.07, -0.021) -0.108 (-0.134, -0.082)

 Model 2 0.059 (0.034, 0.084) 0.055 (0.025, 0.085) 0.034 (-0.009, 0.077) -0.009 (-0.032, 0.013) -0.022 (-0.047, 0.003) -0.067 (-0.094, -0.041)

Total brain volume
 Model 1 -0.013 (-0.036, 0.011) -0.048 (-0.076, -0.020) -0.107 (-0.148, -0.066) 0.048 (0.026, 0.069) 0.070 (0.047, 0.093) 0.090 (0.065, 0.114)

 Model 2 0.002 (-0.022, 0.026) -0.022 (-0.050, 0.007) -0.076 (-0.117, -0.035) 0.034 (0.013, 0.056) 0.052 (0.028, 0.075) 0.072 (0.047, 0.097)

Total white matter volume
 Model 1 -0.022 (-0.049, 0.006) -0.052 (-0.085, -0.019) -0.116 (-0.163, -0.069) 0.022 (-0.002, 0.047) 0.036 (0.009, 0.063) 0.039 (0.011, 0.067)

 Model 2 -0.010 (-0.038, 0.017) -0.036 (-0.069, -0.003) -0.097 (-0.145, -0.050) 0.010 (-0.015, 0.035) 0.017 (-0.010, 0.044) 0.017 (-0.013, 0.046)

Total gray matter volume
 Model 1 -0.001 (-0.023, 0.021) -0.029 (-0.055, -0.003) -0.065 (-0.103, -0.028) 0.054 (0.034, 0.073) 0.076 (0.055, 0.098) 0.104 (0.081, 0.126)

 Model 2 0.012 (-0.010, 0.033) -0.003 (-0.029, 0.023) -0.034 (-0.071, 0.003) 0.044 (0.025, 0.063) 0.065 (0.043, 0.086) 0.095 (0.073, 0.118)
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Interestingly, the associations between different types 
of screen time and dementia, PD, and depression are 
not strongly attenuated with high levels of PA. However, 
isotemporal substitution analyses showed that replac-
ing different types of screen time with different types 
of daily-life physical activities or structured exercises 
could significantly reduce dementia, PD, and depression 
risk. Most of the previous studies separately consider 
the effects of different activities on the risk of dementia, 
PD, and depression. However, they failed to reflect the 
competing nature of different activities within a finite lei-
sure time [8, 49]. Moreover, the limited available studies 
considered TV viewing time and computer using time 
as representative of all sedentary behavior without con-
sidering the heterogeneity of sedentary behavior types or 
different types of PA [9, 50]. In the isotemporal substitu-
tion analyses, we found that PA intensity seemed impor-
tant in protecting against dementia, PD, and depression 
because 30  min/day of strenuous sports was more pro-
tective than any other PA when substituted for 30 min/
day of TV viewing or computer using. However, our 
results also indicated that not all activities of daily living 
can protect against dementia, PD, and depression, even 
if the same number of different types of screen time are 
replaced. Nevertheless, structured exercises, whether 
strenuous sports that make one sweat or breathe hard, 
or other activities such as swimming, cycling, and keep-
ing fit, were associated with protection against dementia, 
PD, and depression. Our findings complement the PA 
recommendations that substituting effect of TV viewing 
or computer using with PA on the risks of dementia, PD, 
and depression, rather only focusing on separate effects 
of sedentary time and PA. Our study highlighted that 
replacing different types of screen time with any equiva-
lent amounts of structured exercises than daily-life activ-
ity was more associated with risk reduction of dementia, 
PD, and depression.

Our results showed that, moderate computer using 
was negatively associated with WMH, which is common 
MRI findings in patients with neurodegenerative diseases 
[51]. Moreover, moderate computer using was positively 
associated with hippocampal volume, whereas TV view-
ing was negatively associated. Previous studies have sug-
gested significant reductions of hippocampal volume 
in patients with dementia, PD, or depression [52–54]. 
According to our analyses, higher computer using was 
associated with lower total brain volume and total white 
matter volume. Higher computer using was associated 
with higher total brain volume and total gray matter 
volume. However, this part of the analysis uses a cross-
sectional design. Prospective cohort studies are therefore 
necessary to evaluate the longitudinal association.

The strengths of the current study include its large 
sample sizes, prospective study design, long-term follow-
up, and detailed lifestyle information. We also adjusted 
for various potential confounding factors and performed 
a sensitivity analysis by excluding cases of dementia, 
PD, depression and multimorbidity status that devel-
oped within the first 3 years of follow-up. However, sev-
eral limitations need to be considered when interpreting 
our results. First, although we have carefully controlled 
for the potential confounding factors including demo-
graphic, lifestyle, and health characteristics that linked 
with increased risk of these disease, we cannot exclude 
the possibility of unmeasured factors and residual con-
founding. Second, screen behaviors were assessed using 
self‐report measures, so recall bias cannot be avoided. 
Self-reported screen time has not been examined for 
criterion validity, but the estimated effectiveness of 
the screen time reported in this study were in line with 
those reported previously in comparable populations [9, 
55]. However, it is important to note that only TV view-
ing and leisure time computer use were assessed, despite 
the existence of other sedentary behaviors such as lap-
top, tablet, or smartphone usage. The assessment of TV 
viewing and computer using on weekdays and weekends 
was not conducted separately in our study. More objec-
tive and device‐based measurements to access the screen 
behavior on weekdays and weekend days separately are 
needed in the future. Finally, due to the observational 
nature of this study, we cannot assume causality for the 
observed association.

Conclusion
In summary, computer using was U-shaped associated 
with risk of dementia, PD, depression and their mul-
timorbidity status, while TV viewing was associated 
with an increased risk. And different screen time may 
affect diseases risk through its association with brain 
structures. Although associations between differ-
ent types of screen time and diseases are not strongly 
attenuated with different levels of PA. Replacing dif-
ferent types of screen time with daily-life PA or struc-
tured exercise is associated with lower disease risk. 
Our results support the potential of limiting different 
types of screen time and shifting to physical activity to 
mitigate disease risk.
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