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Abstract

Background: The elderly represents the population group with the highest rate of sedentary behavior. Seden-
tary behavior has an adverse impact on the eldetly, which might be related to depression.

Methods: We queried PubMed, EMBASE, Web of Science, and MEDLINE to collect literature data. The
odds ratio (OR) and corresponding 95% confidence interval (CI) were adopted for the pooled measurements.
Sub-group analyses were conducted through stratified meta-analyses based on study design, depression indica-
tor, adjustment for physical activity, sedentary behavior indicator, and type. Sensitivity analyses were performed
to test the robustness of the results, and publication bias was assessed through a funnel plot.

Results: Seven cross-sectional studies and five cohort studies were included in our meta-analysis. The overall
pooled OR was 1.38 (95%CI: 1.16-1.65; P < 0.01), which indicated that sedentary behavior was positively asso-
ciated with depression in older adults. Sub-group analysis showed that different study designs, depression indi-
cators, sedentary behavior indicators, adjustment for physical activity, sedentary behavior indicator, and type
produced different results. In the cross-sectional studies (OR = 1.45, 95%CI: 1.15-1.84), CES-D scale (OR =
1.54, 95%CI: 1.13-2.10), self-reported (OR = 1.39, 95%CI: 1.04-1.87), watching TV (OR = 1.75, 95%CI: 1.02—
3.02), and not adjusted for physical activity (OR = 1.37, 95%CI: 1.14-1.65) groups, there was a strong correla-
tion between sedentary behavior and depression in the elderly.

Conclusion: Sedentary behavior is associated with depression in the eldetly. As a preventive strategy, we
should consider reducing their sedentary time and appropriately increasing physical activity.
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Introduction

Sedentary behavior is defined as “any waking be- a computer (1). It is pervasive in the daily lives of
havior characterized by low energy consump- people and is highly prevalent worldwide. As
tion”, whether sitting or lying, and usually de- many studies have demonstrated, sedentary be-
notes activities of less than 1.5 metabolic equiva- havior has already developed into a new risk fac-
lent units, such as watching TV, reading, or using tor for physical health, potentially having adverse

Copyright © 2024 Li et al. Published by Tehran University of Medical Sciences.
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license.
(https://creativecommons.org/licenses/by-nc/4.0/). Non-commercial uses of the work are permitted, provided the original work is properly cited

293 Available at:  http://ijph.tums.ac.ir




Li et al.: Sedentary Behavior and Risk of Depression in Older Adults ...

effects on chronic disease (2), diabetes (3), cardi-
ovascular disease (4), cancer mortality (5, 0), sleep
disturbance (7), stress (8), mental health (9), and
so on. This problem is particularly serious for the
elderly, as evidence has indicated that older adults
are the age group with the longest sedentary time
(10, 11). Research has shown that older people
spend 79% of their waking hours in sedentary
behaviors (12), typically sitting for 8-11h/d (13).
As the elderly generally have poor heart and lung
function, sedentary behavior has a greater severe
impact on their health, especially in terms of
mental health.

At present, mental disorders are also one of the
key global disease burdens, where depression is
one of the most common mental diseases, de-
fined as a series of specific symptoms with asso-
ciated damages (14). According to a report re-
leased by the WHO, the total number of patients
with depression exceeded 300 million worldwide
(15). The WHO lists major depression as one of
the world's most burdensome diseases, and the
incidence rate of depression is frequent in older
people, affecting about 7% of the elderly world-
wide (16, 17). At present, the pathogenesis of de-
pression remains unclear; even though many
studies have examined the relationship between
sedentary behavior and depression in the eldetly,
the results of these studies were inconsistent.
Most studies have reported a positive correlation
between sedentary behavior and depression (18,
19), while, after separating out the types of seden-
tary behavior, this relationship may turn out to be
opposite or invalid (20, 21). These conflicting
results may be caused by the use of different ob-
jects, designs, and methods.

With the increase in the global aging population,
we should pay more attention to the elderly in
this aspect. In particular, COVID-19 has swept
the world, and epidemic prevention and control
measures have forced the elderly to stay at home,
further increasing their sedentary time. Although
several meta-analyses have studied the relation-
ship between sedentary behavior and depression,
focus has been placed on the whole population
(9), or children and adolescents (22). There is a
lack of specific research on elderly people. To
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address this gap in the literature, we summarize
evidence on the relationship between sedentary
behavior and depression in the elderly in this pa-
per. We conducted a systematic meta-analysis of
many empirical studies with the aim to: Discuss
the correlation between sedentary behavior and
depression among the elderly; and determine the
source of heterogeneity among different studies
through sub-group analysis.

Methods

Search strategy

Our study conformed to the PRISMA guidelines.
We systematically searched the publications up to
12 November, 2022, without limitations on lan-
guage, study population, or publication type. The
queried databases included PubMed, WOS (Web
of Science), Cochrane Library, Embase, EBSCO,
Medline, CNKI, and WanFang Data. The search
words and their combinations included: (seden-
tary behavior OR watching TV OR physical ac-
tivity) AND (depression OR depressive OR men-
tal health) AND (older adults OR elderly OR old
people) (Supplementary Table 1). The original
languages of the studies retrieved included Eng-
lish and Chinese. In addition, we supplemented
the references cited in the original published
studies with a manual search, in order to ensute
that there were no omissions in the database. The
detailed search and screening steps are depicted
in Fig. 1.

Formulate inclusion and exclusion criteria

The inclusion criteria were as follows: 1) Re-
search design including cohort and cross-
sectional studies; 2) independent variable of sed-
entary behavior, determined by a scale or wearing
an accelerometer; 3) dependent variable of de-
pression, with diagnosis confirmed by a physician
or determined by a depression scale; 4) study
population of older adults, defined as those aged
60 years and older; and 5) included OR and
95%CI (or data to calculate these). The exclusion
criteria were as follows: 1) Lack of specific effect
quantity; 2) general mental health problems ra-
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ther than depression, such as negative emotions
or anxiety; 3) studies that mixed sedentary and
physical activity; 4) studies that used "lower phys-
ical activity" to describe sedentary behavior; and
5) literature with only graphs and no numerical
results.

Data collection and quality evaluation

Two researchers independently extracted the data
included in the study using the Excel software.
The extracted characteristics included the author
names, published year, country, research design,
number of participants, their age range, depres-
sion indicator, sedentary behavior indicator, OR,
and 95%CIL.

Furthermore, two researchers independently es-
timated the study quality using a revised edition
of the Newecastle—Ottawa quality assessment
scale, which evaluates sample type and capacity,
comparability between respondents and others,
identification of depression, and integrity of the
descriptive analysis. The total score was between
0 and 5. If the score was < 3 points, we consider
it to have high deviation; meanwhile, if the score
was = 3 points, the study was judged to have a
low bias. Any discrepancies were resolved by dis-
cussion.

Statistical analyses

We used the odds ratio (OR) and corresponding
95% confidence interval (CI) as summary effect
indicators to assess the relationship between sed-
entary behavior and depression. Every effect
quantity was taken directly from the included
studies. Four original papers reported [ values
and one paper reported KRR values, for the studies
that did not report OR and/or 95%CI, we used
standard formulae to convert the data (23). Ad-
justed effect sizes were used, if possible. The lit-
erature included in our study was heterogeneous
in many aspects. We used the DerSimonian and
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Laird random-effects model to obtain an overall
OKR and 95%CI, regarding both within- and be-
tween-study differentiation(24). The Higgins and
Thompson I was used to test statistical hetero-
geneity between studies (25), where an F value <
25% represents low heterogeneity level, 25-50%
represents moderate heterogeneity, and > 50%
represents high heterogeneity.

In addition, we performed sub-group analysis to
determine the source of heterogeneity. Based on
the research, we selected study design (cross-
sectional and cohort study), depression indicator
(GDS, PHQ-9, CES-D, and HADS scales), ad-
justment for physical activity (adjusted and not
adjusted), sedentary behavior indicator (self-
reported and accelerator), and types for the as-
sessment. Based on existing studies, we classified
sedentary behaviors into passive sedentary behav-
iors (e.g., watching TV) and active sedentary be-
haviors (e.g., reading, using computers) (20,
21).We conducted a sensitivity analysis to test the
robustness of the conclusions. We referred to the
measurement methods of Begg and Egger, and
evaluated the publication bias using a funnel dia-
gram (20, 27). All statistical analyses were per-
formed using Stata software. Two-tailed P-values
<0.05 were considered statistically significant.

Results

Literature selection

We identified 1258 relevant studies in our com-
prehensive literature search. After deleting dupli-
cate articles and review abstracts, 1102 literature
were excluded. After further screening of full pa-
pers, we excluded 144 articles, according to the
exclusion criteria. Thus, our study eventually in-
cluded seven cross-sectional studies (18-20, 28-
31) and five cohort studies (21, 32-35). The 12
studies included 23,811 participants (Fig. 1).
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Fig. 1: Literature review screening steps

Characteristics of selected literature

The characteristics of the selected research are
summarized in Table 1. Including the author
names, year of publication, study region, research
design, sample capacity, age of participants, de-
pression and sedentary behavior indicators, effect
value (OR and 95% CI), and NOS score. Among
these 12 studies, 3 were performed in the United
Kingdom, 3 in China, 2 in Japan, and 1 study in
each of Mediterranean, Chile, Spain, and Sweden.
The total number of participants was 23,811. The
sample capacity of cross-sectional studies (which
ranged from 349 to 3633) and cohort studies
(which ranged from 271 to 6090) varied widely.
The age of all participants was =60 years; only
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two cohort studies reported mean age, while the
rest did not. Two studies differentiated between
types of sedentary behavior and reported OR val-
ues for each. Other studies did not distinguish
between types of sedentary behavior. The scales
in all studies measured depression. Seven of the
studies used the GDS, two used the PHQ-9, two
used the HADS, and one used the CES-D scale.
Concerning the measurement of sedentary be-
havior, seven studies used self-reporting, while
five used an accelerator worn on the person. In
the included studies, the average quality score
was 3.64, with eight studies obtaining a quality
score >3. (Supplementary Table 2)
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Table 1: Characteristics of selected literature

Author Year  Country Study de- Sam- Age(yr) Depres- Sedentary be-  OR 9%CI
sign ple sion havior
Size Indicator Indicator

Mam- 2010  Mediterra- Cross- 1190 65-100 GDS Self-reported  1.53  1.00-2.35

plekou nean sectional

Arredondo 2013 Chile Cross- 397 >60 PHQ-9 Self-reported 1.2 1.00-1.50
sectional

Gardner 2014 UK Cohort 6090 64.9£8.9 CES-D Self-reported  1.54  1.13-2.10

Tsutsu- 2016 Japan Cohort 5104 265 GDS Self-reported  1.63  1.02-2.64

mimoto

Ku 2017 China Cohort 285 265 GDS Accelerometer 245  1.16-5.15

Elena- 2018 Spain Cohort 1821 260 GDS Self-reported ~ 0.87  0.71-1.05

active

Elena- 2018 Spain Cohort 1821 260 GDS Self-reported ~ 1.12  0.50-1.35

passive

Yasunaga 2018 Japan Cross- 349 65-85 GDS Accelerometer  1.14  1.02-1.28
sectional

Okely 2019 UK Cohort 271 78.97+0.4 HADS Accelerometer  1.15  1.02-1.30

4

Eriksson 2020 Sweden Cross- 3633 70 GDS Accelerometer  1.11  1.00-1.24
sectional

Tully 2020 UK Cross- 1360 265 HADS Accelerometer  1.80  1.68-1.92
sectional

Jiang 2021 China Cross- 632 260 PHQ-9 Self-reported ~ 2.02  1.68-2.43
sectional

Wang- 2022 China Cross- 2679 260 GDS Self-reported ~ 0.26  0.06-0.71

active sectional

Wang- 2022 China Cross- 2679 260 GDS Self-reported  3.59  1.93-6.68

passive sectional

Sedentary behavior and depression

Among the 12 studies, most studies reported a
significant positive correlation between sedentary
behavior and depression, while two studies
showed a negative correlation. As presented in
Fig. 2, the results of the random-effect model
indicated that the combined OR was 1.38
(95%CI: 1.16-1.65). The results showed that sed-
entary behavior was positively associated with
depression in older adults, and the study hetero-
geneity was 91.6%, as shown in Fig. 2.

Subgroup analyses

In order to explore the potential reasons for the
observed heterogeneity, we performed sub-group
analyses considering study design, depression in-
dicator, adjustment for physical activity, type of
sedentary behavior, and indicator, respectively.
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The overall pooled OR was 1.45 (95%CI: 1.15—
1.84; P < 0.05) for cross-sectional studies and
1.25 (95%CI: 1.00-1.57, P = 0.05) for cohort
studies. The heterogeneity was higher in cross-
sectional studies (F = 93.6%) than in cohort stud-
ies (F= 71.0%). When stratified by different de-
pression indicators, the effect size between de-
pression and sedentary behavior as measured by
the PHQ-9 and HADS scales was not statistically
significant. In the HADS group, the combined
OR was 1.44 (95%CI: 0.93-2.24) with high heter-
ogeneity (IF= 97.5%). In the PHQ-9 group, the
combined OR was 1.56 (95%CI: 0.93-2.62) with
high heterogeneity (F = 93.0%). Depression was
positively associated with sedentary behavior
when assessed using the CES-D and GDS scales.
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Study %
ID or (95% Cl) Weight
!
Mamplekou(2010) = 1.53 (1.00, 2.35) 6.30
Arredondo(2013) e 1.20 (1.00, 1.50) 8.77
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Tsutsumimoto(2016) —%—o— 1.64 (1.02, 2.64) 5.80
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Yasunaga(2018) -~ 1.14(1.02, 1.28) 9.52
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Tully(2020) E 1.80 (1.68, 1.92) 9.76
Jiang(2021) E - 203(169,244) 896
Wang-active(2022) ¢ + E 0.26 (0.06, 0.71) 1.7
Wang-passive(2022) E —_— 3.59 (1.93, 6.68) 4.49
Overall (--squared = 91.6%, p = 0.000) <> 1.38 (1.16, 1.65) 100.00
I
NOTE: Weights are from random effects analysis E
.(;6 1 161.7

Fig. 2: Forest plot of the retrieved studies

The combined OR of the CES-D group was 1.54
(95%CI: 1.13-2.10), and the combined OR of the
GDS group was 1.26 (95%CI: 1.03-1.53), with
high heterogeneity (I’ = 76.5%). When the seden-
tary behavior was separated into two groups (self-
reported or wearing accelerator), the results
showed that sedentary behavior measured with
an accelerator was positively correlated with de-
pression (OR = 1.35, 95%CI: 1.03—1.76); while,
in the self-reported group, the combined OR was
1.39 (95%CI: 1.04-1.87), with high heterogeneity

Available at:  http://ijph.tums.ac.ir

(P = 86.2%). When stratified by adjustment for
physical activity, we found that the sedentary be-
havior when adjusted for physical activity was not
associated with depression (OR = 1.33, 95%CI:
0.99-1.78), with relatively low heterogeneity (I’ =
79.7%). Meanwhile, sedentary behavior without
physical activity adjustment was positively corre-
lated with depression 1.37, 95%CI: 1.14-1.65),
with high heterogeneity (= 93.5%).We divided
sedentary behavior into watching TV (passive
sedentary) and other sedentary behaviors (active
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sedentary), and the results indicated that active nificantly associated with depression and had
sedentary behaviors were positively associated lower heterogeneity (I’ = 55.5%); (Table 2). (Sup-
with depression (OR = 1.75, 95%CI: 1.02-3.02), plementary Figures 1-5).

while passive sedentary behaviors were not sig-

Table 2: Subgroup analysis results

Factor N OR (95% CI) P-value (%)
Study design

Cross-sectional 8 1.45(1.15,1.84) <0.05 93.6
Cohort 6 1.25(1.00,1.57) 0.05 71.0
Depression indicator

GDS 9 1.26(1.03,1.53) <0.05 76.5
PHQ-9 2 1.56(0.93,2.62) 0.09 93.0
CES-D 1 1.54(1.13,2.10) <0.05 /
HADS 2 1.44(0.93,2.24) 0.10 97.5
Sedentary

Bebavior indicator

Self-reported 9 1.39(1.04,1.87) <0.05 86.2
Accelerator 5 1.35(1.03,1.76) <0.05 95.8
Adjusted for physical activ-

uy

Adjusted 9 1.33(0.99,1.78) 0.06 79.7
Not adjusted 12 1.37(1.14,1.65) <0.05 93.5
Types of sedentary bebavior

Watching TV 3 1.75(1.02,3.02) <0.05 75.7
Other SB 2 0.72(0.40,1.27) 0.26 55.5

Analysis of sensttivity
We performed sensitivity analysis by omitting (95%CI: 1.21-1.72), which proved the stability of
each study in turn, with the combined OR rang- our study (Fig. 3).
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Fig. 3: Sensitivity analysis result
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Publication bias

We drew funnel plots to examine the evidence of
publication bias (Fig. 4). In addition, Begg’s rank
correlation test (P = 0.381) and Egger’s linear

regression test (P = 0.576) were also performed
for publication bias assessment. The findings
suggested no significant publication bias for all
included studies.
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Fig. 4: Funnel diagram

Discussion

Previous comprehensive research has measured
the relationship between sedentary behavior and
depression, including studies on sedentary behav-
ior and depression based on screen time (30),
sedentary behavior and depression risk (9, 37),
and the correlation between screen time-based
sedentary behavior and depression in children
and teenagers (22). Our study focused on the
older adults: the particular population with the
longest sedentary time. To assess the correlation
between sedentary behavior and depression
among the elderly, we systematically analyzed 12
previous studies. Our meta-analysis showed that
the pooled OR of the included studies was 1.38
(95%CI: 1.16-1.65), which indicates that seden-
tary behavior was positively correlated with de-
pression in the elderly. This is consistent with
previous studies, as prolonged sedentary behavior
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is associated with adverse health outcomes, such
as cardiovascular diseases, chronic disease, stress,
and the risk of depression. Nevertheless, the ef-
fect observed in our meta-analysis was slightly
higher than the combined OR in previous similar
research. Compared with other age groups, the
study results showed a stronger correlation be-
tween sedentary behavior and depression among
the elderly. Several mechanisms can explain the
adverse effects of sedentary behavior on depres-
sion. The daily physical activities of the elderly
gradually decrease with increasing age. Thus, they
lack exercise and remain sedentary for most of
the day. Most studies have proved that physical
activity can effectively prevent and treat depres-
sive symptoms (38, 39). Lessened physical activity
is one of the reasons why sedentary behavior
leads to depression. Prolonged sedentary behav-
ior reduces the social participation of the elderly,
resulting in social segregation, which is a signifi-
cant hazard factor for depression among the el-
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derly. Many studies have shown that social isola-
tion places a burden on the health of the elderly
(40), reduces their subjective well-being (41), and
increases their risk of depression (41).

The sub-group analysis showed a consistent cor-
relation between cross-sectional studies and co-
hort studies; however, the OR of cross-sectional
studies was more significant than that of cohort
studies, while the heterogeneity of the cohort
studies was minor. According to the results of the
sub-group analysis by depression indicator, there
were significant differences between the different
scales. When using the PHQ-9 and HADS scales,
sedentary behavior was non-significantly associ-
ated with depression, while it was significant
when using the CES-D and GDS scales. The
scores of many depression measurement scales
cannot be directly transformed into clinical diag-
noses; as such, semi-structured interviews may be
more accurate in defining the existence of de-
pression. Some related studies have used the
CES-D or GDS scale to judge whether the elder-
ly suffer from depression. The diagnostic results
showed good effectiveness. The limited number
of original studies using the PHQ-9 and HADS
scales may be the reason why the effect of sub-
group analysis was not significant. We also con-
ducted sub-group analysis according to different
sedentary behavior measurement methods.

The result indicated both the measurement of
sedentary behavior through self-reporting or the
use of an accelerator was associated with depres-
sion, where the effect value obtained by self-
reporting was higher. Self-reported measure-
ments are more often used in observational epi-
demiological studies that explore physical activity
and health outcomes; however, using this meas-
urement alone may cause older people to over-
estimate their sedentary time (42). Further, to
provide objective evidence related to depression,
many studies have used accelerometer-based ac-
tivity measurement, rather than self-reported
measurements, in order to measure sedentary be-
havior. Therefore, the bias caused by self-
reported physical activity measurement methods
can be eliminated, such as recall bias, which limits
the accuracy of self-reporting in the elderly. In
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addition, we recommend using objective meas-
urement methods, such as accelerometer data,
such that researchers can draw more effective
conclusions about sedentary behavior. After cat-
egorizing sedentary behaviors, the results showed
no significant association between passive seden-
tary behavior and depression, while sedentary
time spent watching television had a greater im-
pact on depression. Hallgren et al. considered
that the mental stimulation provided by different
sedentary behavior patterns might have different
correlations with depression. They suggested that
negative sedentary behavior (e.g., watching TV)
may be related to depression, while positive sed-
entary behavior (e.g., reading) may be beneficial.
In research in the elderly, depression has been
related to certain sedentary behaviors (watching
TV or sitting), but not to other behaviors (using a
computer or reading). A study of 6359 older
adults in the U.K. obtained similar results; seden-
tary TV watching was associated with higher de-
pression rates, while sedentary use of the Internet
was related to minor depression (43).

Excluding the included studies that adjusted for
physical activity led to different findings in our
research. When not adjusting for physical activity,
sedentary behavior was associated with depres-
sion, while it was not significant when adjusting
for physical activity. Non-adjustment for physical
activity contributed to the positive association
between sedentary behaviors and depression, as
lacking physical activity is independent risk fac-
tors for depression (37). Statistical heterogeneity
may be related to differences in adjustment vari-
ables. The conclusions drawn from our current
research were confirmed furthermore by accel-
erometer data and adjustment for physical activi-
ty. The elderly are sedentary most of the time,
and sedentary behavior is pervasive in their daily
life. Therefore, minor changes may be pivotal. To
decrease and prevent depression in the elderly,
we should consider controlling their sedentary
time and increasing physical activity appropriate-
ly.
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Strengths and limitations

We focused on older adults, who have the high-
est rates of sedentary behavior. Our study has a
large sample size, which makes the correlation
between sedentary behavior and depression de-
tection rate reliable in older adults. Some limita-
tions to this study should also be acknowledged.
First, we did not specifically classify sedentary
times. Small changes in sedentary time may sig-
nificantly affect the prevalence of depression,
such as an increase in daily standing time. Second,
there were few studies specifically focusing on
sedentary behavior and depression in the elderly,
the limited information provided in the included
studies and the number of original studies in
some groups was small at the time of subgroup
analysis, which may have had a certain influence
on the analysis results. Third, there are many fac-
tors associated with depression, such as changes
in socioeconomic status and suffering from other
mental illnesses, which should be considered in
future studies. Last, this meta-analysis was not
registered, so the results should be considered as
exploratory finding and interpreted with caution.

Conclusion

Sedentary behavior is a risk factor for depression.
However, the symptoms of depression are com-
plex, this mechanism of action is difficult to
judge. Symptoms such as decreased mood, slow
movement, and mental fatigue can be regarded as
the reason for sedentary behavior. Therefore,
future studies should explore how sedentary be-
havior leads to depression. Meanwhile, we should
combine the objective measurement of sedentary
behavior with studying the correlation between
depression and different sedentary behavior types
at different times. Physical activity may play an
essential role in improving depressive symptoms
in the elderly and preventing subsequent adverse
health consequences; we can consider searching
for the association between physical activity and
depression in the elderly.
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