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Objective: To examine the associations of sedentary behavior (SB) and the combination of moderate-to-vigorous
intensity physical activity (MVPA) with dementia, functional disability, and mortality in older adults, and the
heterogeneity in different subpopulations.

Eggn_itt::; care Methods: Nation-wide cohort with 90,471 individuals aged >65 years in Japan. SB (<3, 3-<8, and > 8 h per day
Morgtality [h/d]) and MVPA (0, 0 < MVPA<1, and > 1 h/d) were measured in 2016. Long-term care registry-based

incidence of outcomes was ascertained through 2021. Cox proportional hazard models were performed.
Results: Compared with SB < 3 h/d group, SB > 8 h/d was associated with higher risks of dementia, functional
disability, and mortality with hazard ratios (95% confidence interval) of 1.36 (1.22-1.52), 1.32 (1.19-1.48), and
1.31 (1.18-1.45). The combination of MVPA and SB demonstrated a dose-respond trend of increasing risks of
dementia, functional disability, and mortality with increased SB and decreased MVPA, where participants who
spent no MVPA with SB > 8 h/d had the highest risks. High MVPA attenuated but didn’t eliminate the risks.
Participants who spent MVPA>1 h/d with SB > 8 h/d had comparable risks to those who spent no MVPA with
SB < 3 h/d. No heterogeneity was found by MVPA levels, sex, education, comorbidity, and depression conditions.
Conclusions: Prolonged daily SB was associated with higher risks of dementia, functional disability, and mortality
in older adults, regardless of MVPA, sex, education, and chronic conditions. Individuals with high MVPA also
face considerable risks when engaging in high SB. High MVPA with high SB revealed a comparable risk to no
MVPA with low SB.

1. Introduction

Given the rapidly aging population worldwide, numerous older
adults suffer from age-related diseases such as dementia (Feigin et al.,
2019) and functional disability (Yau et al., 2022), which cause a great
burden to individuals, family members, and society (Livingston et al.,
2017), and increase the needs and costs for long-term care (LTC) or other
health services (Jacobs et al., 2013). Physical activity (PA) is a widely
acknowledged contributor to healthy aging. Many studies have
demonstrated higher PA to be associated with a lower risk of dementia
(del Pozo Cruz et al., 2022a; Yoon et al., 2021), functional disability

(Sanchez-Sanchez et al., 2020), cardiovascular disease (del Pozo Cruz
et al., 2022b), cancer incidence (del Pozo Cruz et al., 2022a, 2022b), and
mortality (del Pozo Cruz et al., 2022a, 2022b; Saint-Maurice et al., 2020;
Sanchez-Sanchez et al., 2020). World Health Organization (WHO) rec-
ommends at least 150-300 min of moderate-intensity or 75-150 min of
vigorous-intensity PA or an equivalent combination of moderate- to-
vigorous-intensity PA (MVPA) per week for older adults (WHO, 2020).
However, only 27.3% to 44.3% of older adults met the guidelines in the
United States (Keadle et al., 2016).

Compared with the increasing prevalence of MVPA, decreasing the
time of sedentary behavior (SB) may be more feasible for older adults.
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Previous studies suggested that greater time spent on SB was associated
with a higher risk of developing cardiovascular disease (Bellettiere et al.,
2019), dementia (Huang et al., 2022; Raichlen et al., 2022), poor muscle
strength (Ramsey et al., 2021), mortality (Chau et al., 2015; Diaz et al.,
2017; Ekelund et al., 2019), and functional disability (Chiba et al., 2022;
DiPietro et al., 2018). However, we recognize that there are three major
research gaps regarding the association between SB and health out-
comes among the older population. First, most of the existing literature
studied general adults and did not focus on the older population with a
few exceptions (Chiba et al., 2022; Diaz et al., 2017; DiPietro et al.,
2018; Raichlen et al., 2022; Rojer et al., 2020). Indeed, the WHO’s
guideline was developed based on evidence in the general population,
and the WHO explicitly acknowledges that evidence supporting SB-
based recommendations with a focus on older adults is scarce (WHO,
2020). Second, it is still unclear whether reducing SB alone is beneficial
or whether a certain amount of MVPA is essential to maintain thehealth
of older adults. Thus, exploring the joint association of SB given different
levels of MVPA would provide valuable insights into developing rec-
ommendations for SB. Third, heterogeneity in the association between
SB and health remains understudied. Because there are different pat-
terns in SB and PA by sex (Arnardottir et al., 2013; Huang et al., 2022),
socioeconomic status (Huang et al., 2022; Schultz et al., 2018),
depression (Schuch et al., 2017), and comorbidity status (He et al.,
2021), investigating heterogeneity is essential to develop a meaningful
recommendation for these subpopulations. Further research is needed to
confirm whether reducing SB can be recommended for everyone.

To fulfill these research gaps, this study examined the independent
and joint associations of SB and MVPA with dementia, functional
disability, and mortality with a focus on older adults. We also considered
potential effect modifications on the association of SB with outcomes, by
MVPA, sex, socioeconomic status, comorbidity, and depression status.

2. Methods
2.1. Study population

This study used data from the Japan Gerontological Evaluation Study
(JAGES), which is an ongoing nationwide cohort study (Kondo et al.,
2018). Participants were older adults aged >65 years who had not been
certified as needing LTC (i.e., they were physically and cognitively in-
dependent) at baseline. Self-report questionnaires were mailed from
October to December 2016 in 40 municipalities (Supplementary Method
S1). The LTC registry-based incidence of outcomes was ascertained
through 2021. After excluding participants who self-reported having
dementia or Alzheimer’s disease during the 2016 baseline survey as well
as those who experienced the outcome events on the day follow-up was
initiated (i.e., time zero), 90,471 participants were included in the final
analysis (Supplementary Fig. S1). All participants provided informed
consent. The research was approved by the ethics review committees of
Kyoto University (R3153-2), Chiba University (2493), and the National
Center for Geriatrics and Gerontology (992).

2.2. Ascertainment of dementia, functional disability, and mortality

To obtain information on the outcomes, we linked the participants to
their data in the public LTC insurance (LTCI) registry. Dementia was
determined using the Criteria for Levels of Cognitive Impairment in the
Japanese LTCI System when the cognitive impairment was identified as
level IIa or higher (Matsunaga et al., 2017; Sato et al., 2021), where an
individual exhibits symptoms, behaviors, and communication diffi-
culties that may impede daily activities, yet independence is possible
with some assistance (see Supplementary Method S2 for more details).
The criteria robustly correlate with the Mini-Mental State Examination,
with a Spearman’s rank correlation coefficient of —0.73 (p < 0.001)
(Hisano, 2009). Functional disability was ascertained when participants
were newly certified for Care Level 2-5 (Jin et al., 2021; Matsunaga
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etal., 2017; Noguchi et al., 2019), because individuals identified as Care
Level 2 or higher could not perform at least one basic daily activities
alone. The information on mortality was also obtained from the registry.
It recorded the date when an individual was identified as having de-
mentia, certified as needing LTC, or dead.

2.3. SB and MVPA

Daily SB and MVPA were measured using a questionnaire derived
from the Japan Public Health Center-based Prospective Study-PAQ short
form (JPHC-PAQ Short). It is a self-report questionnaire asking the total
hours they were active and sitting per day, which showed a strong
correlation and acceptable agreement with the gold standard, the
doubly labeled water (DLW) method (Kikuchi et al., 2020; Sasai et al.,
2018). SB is the primary explanatory variable of interest. For SB, par-
ticipants were asked “How many hours are you sitting a day, including
while you’re working.” The response options were (i) Less than three
hours, (ii) Three to less than eight hours, and (iii) Eight hours or more.
For MVPA, they were asked “How many hours are you spending per-
forming physical work or intense sports during an average day,
including while you’re working.” The response options were (i) None,
(ii) Less than one hour, and (iii) One hour or more. We also generated
nine groups by combining MVPA and SB with three categories each to
assess the joint association of MVPA and SB with the outcomes.

2.4. Sociodemographic characteristics, lifestyle behaviors, and health
conditions

We adjusted potential confounders at baseline, including sex, age (5-
year interval), marital status (married, single/divorced/widowed/
other), educational attainment (low: <9 years, middle: 10-12 years,
high: >13 years), annual household income (low: <2.0 million Japanese
Yen [MJPY], middle: 2.0-<4.0 MJPY, high: >4.0 MJPY) (30), employ-
ment (employed, retired or never employed), body mass index [BMI]
(take height and weight values outside the mean + 4 times standard
deviation as missing values; underweight: <18.5 kg/m2, normal weight:
18.5-24.9 kg/m2, overweight: 25.0-29.9 kg/m2, obesity: >30.0 kg/
m?2), comorbidity (number of chronic diseases: 0, 1, >2) (Supplemen-
tary Method S3), self-rated health (excellent, good, fair, poor), alcohol
(current, past, never), smoking (current, past, never), frequency of
eating meat or fish (less than once a day, every day), frequency of eating
fruits and vegetables (less than once a day, every day), and social
isolation (a partially modified version of the Social Isolation Score (SIS)
[0-5 points]: low: 0-1, high: 2-5 [see Supplementary Method S4 for
details]) (Koyama et al., 2021; Steptoe et al., 2013).

2.5. Statistical analysis

Cox proportional hazard regressions were used to assess the associ-
ation between the exposure and time to events. In Model 1, we adjusted
for sex and age. In Model 2, we further adjusted for all the covariates
including MVPA to examine the independent association between SB
and dementia, functional disability, and mortality incidence. Subse-
quently, we examined the stratified and joint association of SB and
MVPA with the three outcomes. Tests for linear trend of the explanatory
variable were conducted by including the variable as an ordinal variable
in regression models.

To investigate the heterogeneity and the robustness of the findings,
we conducted pre-selected subgroup analysis by sex, socioeconomic
status (represented by educational attainment (Winkleby et al., 1992)),
chronic conditions (represented by comorbidity [number of chronic
diseases: <2, >2]) and depression (15-item Geriatric Depression Scale
(Almeida and Almeida, 1999) [not depressed: <4 points, moderately
depressed: 5-9 points, severely depressed: > 10 points]).

We applied the chained equations of multiple imputation to deal
with the missing data on all variables used in our study (Supplementary



Z. Du et al. Preventive Medicine 180 (2024) 107879

Table S1 shows the percentage of missing data). The proportional hazard Table 1

assumptions tested by comparing HRs for the first two years and sub- Descriptive statistics among older adults in Japan, 2016.
sequent follow-up years indicated no evidence of violation. Variables, n (%) Sedentary time

For the sensitivity analysis, first, to reduce potential reverse causa-

. : . . . o1s <3h/d 3-<8h/d  >8h/d Total
tion, we excluded those with dementia, functional disability, and mor-
tality events that happened within the first year follow-up time (Chau Sample size (no.) 333é0538 551:;)1 56932 910(’)‘(‘)7(}
et al., 2015; Lee et al., 2018; McKeough et al., 2018; Sattar and Preiss, Sex (365) (56.9) ©7 (100.0)
2017), respectively. Second, to confirm that the missing data did not Male 15,091 23,424 3127 41,641
affect our findings, we conducted analyses using the complete data set (i. 45.7) (45.5) (52.7) (46.0)
e., the sample who had valid cases in all the covariates, MVPA, SB, and Female 17,947 28,078 2805 48,830
outcomes). Third, we further adjusted for depression. All the analyses (54.3) (54.5) “47.3) (54.0)
. . Age (years)
were performed using STATA software, version 17.0 (Stata Corp, Col- Minimum-maximum 65-101 65-101 65-101 65-101
lege Station, Texas, USA). 65-69 9703 15,226 1731 26,660
(29.4) (29.6) (29.2) (29.5)
3. Results 70-74 9138 13,995 1322 24,455
(27.7) (27.2) (22.3) (27.0)
75-79 8031 11,551 1179 20,761
3.1. Baseline characteristics and incidence of the outcomes of the (24.3) (22.4) (19.9) (22.9)
participants 80-84 4373 7108 962 12,443
(13.2) (13.8) 16.2) (13.8)

Of the 90,471 participants, 41,643 (46.0%) were male, and the 285 gi‘;’ (3763 (713;5) 6152 (6.8)
median age was 73 (interquartile range, 69-78; maximum value: 101) Marital status ’ ' ’
years (Table 1). During a median follow-up of 3.4 years (maximum Married 24,729 37,268 3849 65,846
follow-up: 1646 days), dementia, functional disability, and mortality (74.9) (72.4) (64.9) (72.8)
occurred in 4135 (4.6%), 4201 (4.6%), and 4599 (5.1%) participants, Sl_f:jgle/?“’;:ed/ 8309 14,234 2083 24,625
with an overall incidence of 47.4, 47.3 and 42.1 per 1000 person-years, E d‘m owed/other @s.1) (27.6) @51 27.2)

. . ucational attainment
respectively. Supplementary Table S2 presents a comprehensive over- (years)
view of the sample sizes and event counts, categorized by SB and MVPA. Low: <9 12,900 16,668 2029 31,596
(39.0) (32.4) (34.2) (34.9)
3.2. Independent association between SB and dementia, functional Middle: 10-12 3325923)5 (2:592)9 ?f:(l)) ?:izj)4
disability, and mortality High: >13 7203 12,885 1523 21,611
(21.8) (25.0) (25.7) (23.9)
In the model that adjusted for sex and age, both 3-<8 and > 8 h/d of Annual household income”
SB were associated with increased risks in three outcomes compared to Low 257;9:)7 (25591)7 (3512216) ?:is;)s
SB < 3 }}/d. Ad!ustmg for all covariates 1.nc1ud1n.g MYPA attenuated t.he Middle 11,796 20,362 2148 34,306
associations, still, SB > 8 h/d was associated with higher hazard ratios (35.7) (39.5) (36.2) (37.9)
[HRs] (95% confidence interval [CI]) of 1.36 (1.22-1.52) for dementia, High 3266 5423 663 9351
1.32 (1.19-1.48) for functional disability, and 1.31 (1.18-1.45) for 9.9) (10.5) 11.2) (10.3)
mortality, and the associations indicated a dose-response trend (P for Employment status
i Retired/never employed 21,790 38,945 4722 65,457
trend <0.001; Table 2). (66.0) (75.6) (79.6) (72.4)
Employed 11,248 12,557 1210 25,015
3.3. Joint association of MVPA and SB with dementia, functional (34.0) (24.9) (20.4) (27.6)
disability, and mortality BMI (kg/m”
Underweight: <18.5 2397 3579 470 (7.9) 6446 (7.1)
. s o (7.3) (6.9)

The joint association indicated a dose-response trend (P for trend Normal weight: 23,635 35,835 3846 63,316
<0.001) of higher risks of dementia (Fig. 1A), functional disability 18.5-24.9 (71.5) (69.6) (64.8) (70.0)
(Fig. 1C), and mortality (Fig. 1E) with the increase in SB and decrease in Overweight: 25-29.9 6355 10,826 1389 18,570
MVPA. The highest risks observed in those with the highest SB and . (19.2) (21.0) @3.4) (20:5)

N Obesity: >30 650 (2.0) 1262 227 (3.8) 2139 (2.4)

lowest MVPA. As MVPA levels decreased from >1 h/d to 0, individuals @.5)
who spent the highest SB experienced higher HRs (95% CI) for dementia Comorbidity
from 1.53 (1.10-2.12) to 2.03 (1.74-2.38), for functional disability from No disease 7104 9351 893 17,348
1.35 (0.97-1.89) to 2.01 (1.73-2.35), and for mortality from 1.59 g 5221'? 518-2) (1151~1) (129-2)
(1.20-2.11) to 1.75 (1.50-2.03), compared with the most active group One disease (3é62)0 (féof)g (380 ”Z) ?3:;))8
(the lowest SB with highest MVPA) ngh levels of MVPA attenuated the Two or more disease 13,324 24,069 3223 40,615
risks associated with SB but did not eliminate them. Notably, the point (40.3) (46.7) (54.3) (44.9)
estimate of hazard ratio for individuals with the highest SB and highest Self-rated health
MVPA appeared to be comparable with that of those with the lowest SB Excellent f’f;; ?12272) 535 (9.0) 2125488)7
and .lowest MVPA. See joint association in Supplementary Table S4 for Good 23,'38 4 37,482 3771 64,é37
details. (70.8) (72.8) (63.6) (71.4)

Fair 3427 6831 1341 11,599
3.4. Stratified association of MVPA and SB with dementia, functional a0.4) (13.3) (22.6) (12.8)
disability. and mortdli Poor 549 (1.7)  915(1.8)  286(4.8) 1749 (1.9)

isability, y Alcohol

Never 17,094 26,364 2902 46,360

Compared with those with SB < 3 h/d, participants with SB > 8 h/ (51.7) (51.2) (48.9) (51.2)
d had higher risks of dementia (Fig. 1B) and mortality (Fig. 1F) in all Past 3390 5599 857 9845

(10.3) (10.9) 14.4) (10.9)

MVPA stratums. Functional disability (Fig. 1D) showed a similar trend to

dementia and mortality though it had wider confidence intervals. When (continued on next page)
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Table 1 (continued)

Variables, n (%) Sedentary time

<3 h/d 3-<8hsd >8 h/d Total
Current 12,553 19,539 2173 34,265
(38.0) (37.9) (36.6) (37.9)
Smoking
Never 20,833 31,216 3189 55,238
(63.1) (60.6) (53.8) (61.1)
Past 8712 14,979 1938 25,629
(26.4) (29.1) (32.7) (28.3)
Current 3492 5307 805 9603
(10.6) (10.3) (13.6) (10.6)
Eating meat or fish
Less than once a day 16,866 25,113 2953 44,931
(51.1) (48.8) (49.8) (49.7)
Everyday 16,172 26,389 2979 45,540
(48.9) (51.2) (50.2) (50.3)
Eating fruits and vegetables
Less than once a day 6905 10,065 1422 18,391
(20.9) (19.5) (24.0) (20.3)
Everyday 26,133 41,437 4510 72,080
(79.1) (80.5) (76.0) (79.7)
Social isolation”
Low 18,007 26,458 2087 46,552
(54.5) (51.4) (35.2) (51.5)
High 15,031 25,044 3845 43,919
(45.5) (48.6) (64.8) (48.5)
MVPA (h/d)
0 12,308 25,064 4130 41,501
(37.3) (48.7) (69.6) (45.9)
<1 6424 11,314 946 18,684
(19.4) (22.0) (15.9) (20.7)
>1 14,305 15,124 856 30,285
(43.3) (29.4) (14.4) (33.5)

Abbreviations: BMI, body mass index; MVPA, moderate-to-vigorous physical
activity.

? Classified by million Japanese yen (MJPY): Low: < 2.0, middle: 2.0- < 4.0,
high: > 4.0.

b Defined by an index based on a partially modified version of the social
isolation score (0-5 points): Low: 0-1, high: 2-5.

MVPA>1, SB > 8 h/d associated with higher HRs (95% CI) of 1.47
(1.05-2.05), 1.31 (0.93-1.85), and 1.57 (1.17-2.10) for dementia,
functional disability, and mortality, respectively. No evidence of het-
erogeneity by MVPA levels was found (P for interaction = 0.40, 0.80,
0.23 for dementia, functional disability, and mortality, respectively).
See stratified association in Supplementary Table S4 for details.

3.5. Subgroup analysis by sex, educational level, comorbidity, and
depression status

No evidence of heterogeneity between SB and the outcomes across
sex, education, comorbidity, and depression stratums was found (p for
interaction >0.05); thus, the association between SB and outcomes
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remained consistent regardless of sex, education, comorbidity, and
depression conditions (Fig. 2).

3.6. Sensitivity analysis

When excluding the outcome events occurring within one year of
follow-up (Supplementary Tables S5-S6), using the complete dataset
(Supplementary Tables S7-S8), or further adjusting for depression
(Supplementary Tables S9), the results demonstrated no materiality
differences from the main analysis, although the statistical power may
have been reduced owing to the limited number of participants and
events.

4. Discussion

In this large and nationwide cohort study conducted on older adults
aged >65 years, we found that total SB >8 h/d was associated with 36%,
33%, and 31% increased risks of dementia, functional disability, and
mortality. Our findings are consistent with previous studies showing the
association between 6 and 8 h/d of total SB and increased mortality (Cao
etal., 2022; Li et al., 2022; Patterson et al., 2018). Moreover, expanding
outcomes of interest to dementia and functional disability, our study
provides a comprehensive understanding for the detrimental associa-
tions of SB. In addition, we showed that the associations were constant
across different levels of MVPA, sex, education, comorbidity, and
depression status. Thus, our findings suggest that reducing SB is a
recommendation applicable to the entire population.

The clear dose-response association in the joint association high-
lighted the importance and potential benefits of reducing SB as well as
increasing MVPA for achieving optimal health benefits, which is
consistent with the results of some previous studies (Cao et al., 2022; Li
et al., 2022). While, considering that nearly half of the participants re-
ported no engagement in MVPA, it is worth emphasizing that reducing
SB was associated with lower risks of dementia, functional disability,
and mortality, even if they don’t engage in any MVPA. Moreover, in-
dividuals with the lowest SB and lowest MVPA may face the similar risks
with those with the highest SB and highest MVPA. This is encouraging
news for individuals who are unable to engage in MVPA owing to busy
work or other difficulties. Nevertheless, it should never be considered as
a justification for not engaging in MVPA or other PAs. However, even for
individuals who engage in a considerable amount of MVPA each day, SB
> 8 h/d can substantially diminish the health benefits derived from the
high MVPA; these individuals are also exposing themselves to an
increased risk of adverse health outcomes. This finding differs from that
of a meta-analysis (Ekelund et al., 2016), since Ekelund and colleagues
found no association between SB and mortality among the most active
population. Indeed, our study targeted a different population, as we
specifically investigated individuals aged >65 years, while the previous
research was conducted in general adults. Regardless, further research is

Table 2
Associations between sedentary behavior and outcomes among older adults in Japan, 2016-2021%.
<3 h/d 3-<8 h/d P >8 h/d p Pirend
Dementia
Model 1 1 (ref) 1.07 (1.00-1.15) 0.045 1.71 (1.54-1.91) <0.001 <0.001
Model 2 1 (ref) 1.02 (0.95-1.10) 0.56 1.36 (1.21-1.52) <0.001 <0.001
Functional disability
Model 1 1 (ref) 1.12 (1.04-1.20) 0.002 1.83(1.65-2.03) <0.001 <0.001
Model 2 1 (ref) 1.03 (0.96-1.11) 0.43 1.33 (1.19-1.48) <0.001 <0.001
Mortality
Model 1 1 (ref) 1.13 (1.06-1.21) <0.001 1.78 (1.61-1.97) <0.001 <0.001
Model 2 1 (ref) 1.06 (1.00-1.14) 0.07 1.31 (1.18-1.46) <0.001 <0.001

Abbreviations: SB, sedentary behavior. ? Values are hazard ratios (95% confidence intervals). Model 1 adjusted for sex and age. Model 2 adjusted for sex, age, marital
status, educational attainment, family equivalent income, employment, BMI, comorbidity, self-rated health, alcohol, smoking, frequency of eating meat or fish,
frequency of eating fruits and vegetables, social isolation and moderate-to-vigorous intensity physical activity.

Note: Researchers concerned about multiple comparisons can apply a Bonferroni correction when interpreting p-values. (a« = 0.05/3 outcomes = 0.017).
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Fig. 1. Joint and stratified associations of sedentary behavior and physical activity with outcomes among older adults in Japan, 2016-2021.

The categorization of MVPA corresponds to =0, <1, and > 1 h per day of moderate-to-vigorous intensity physical activity. A and B, Joint and stratified association for
dementia, respectively; C and D, Joint and stratified association for functional disability, respectively; and E and F, Joint and stratified association for mortality,
respectively. Adjusted for sex, age, marital status, educational attainment, family equivalent income, employment, BMI, comorbidity, self-rated health, alcohol,
smoking, frequency of eating meat or fish, frequency of eating fruits and vegetables, and social isolation. HR, hazard ratio.

See Supplementary Table S3 for the Joint and stratified associations in the sex- and age-adjusted analysis. Data are listed in Supplementary Table S4.

needed to support the association of SB combined with MVPA with the
health risks in older adults.

Our study demonstrates consistent findings regarding the associa-
tions between SB and outcomes across MVPA, sex, education, comor-
bidity, and depression status. This is consistent with the study by
Bellettiere et al. (Bellettiere et al., 2019), but not Pavey et al. (Pavey
et al., 2015); Pavey et al. found a heterogeneity by PA that the detri-
mental association of SB and mortality only among those who didn’t
meet PA guideline. However, among those who met PA guidelines, there
was small outcome events of 43 and 11 in the 8 <SB < 11 and SB > 11
groups, which may affect the reliability of their findings (Pavey et al.,
2015). However, while recognizing the limitations of our definition and
cut-off values for those variables, we anticipate that future larger-scale,
well-designed studies will examine associations between those
subgroups.

4.1. Strengths

To our knowledge, this is the first study conducted on older adults to
analyze the independent associations of SB, the stratified and joint as-
sociations of SB and MVPA, as well as the heterogeneous associations by
chronic conditions with dementia, functional disability, and mortality,
simultaneously. Moreover, this study included a large sample of 90,471
older adults and >4000 outcome events. Importantly, our study indi-
cated the detrimental association between prolonged daily SB and
health outcomes, regardless of the MVPA levels, sex, education, co-
morbidity, and depression conditions, which provide valuable insights
for formulating public health recommendations. We highlight the sig-
nificance of decreasing SB, because over a finite and constant 24-h day,
reducing SB could also indicate replacing SB with PA of any intensity. As
isotemporal substitution analyses demonstrate that replacing SB with PA

of any intensity was associated with lower health risks (Li et al., 2022).
Furthermore, SB-based recommendations have the advantage of easier
implementation and adherence for older adults, compared to that for
MVPA declared by the WHO (WHO, 2020). Whereas, the dose-response
trend indicated that if prolonged daily SB is unavoidable, increasing
MVPA may be a good strategy to reduce the risks. Still, the risks can be
only attenuated, not eliminated. In fact, even individuals who engage in
high levels of MVPA are facing higher risks during prolonged daily SB.

4.2. Limitations

This study has several limitations. First, the population included
older adults living in Japan within the same race and ethnicity; thus,
generalizability of the results was limited since other study have
demonstrated race and ethnicity differences (Kornblith et al., 2022).
Second, the self-reported data could be subject to recall bias, which
could compromise the accuracy of the research findings. It is worth
noting that participants may underestimate the time spent on SB,
potentially resulting in an underestimation of the association between
SB and health risks. Third, SB and MVPA were assessed during one point
of time, which could increase the possibility of reverse causation. If
people in the early stage of physical and cognitive decline presented
greater SB and lower MVPA at the baseline, the observed associations
could be overstated. However, our sensitivity analysis showed that there
was no substantial change after excluding outcome events within one
year of follow-up. Further studies considering lifetime changes in SB and
MVPA are needed. Fourth, this study solely employed total SB, with a
coarse categorization, but did not distinguish the type or context of SB,
as evidence suggested that mentally positive and negative SB could play
different roles on outcomes (Raichlen et al., 2022). Fifth, residual con-
founding may exist. Unmeasured variables, such as frailty, type of



Z. Du et al. Preventive Medicine 180 (2024) 107879
A
p for
Subgroup SB Event N Lower risk Higher risk HR (95%Cl) interaction
Sex 0.64
Mal 3<SB<8 1026 23424 - 1.02 (0.91, 1.14)
ale

SB=8 222 3127 —— 1.28 (1.08, 1.51)

3<SB<8 1301 28078 - - 1.02 (0.93, 1.12)
Female

SB=8 274 2805 —0— 1.41 (1.22, 1.64)
Education 0.45
Low 3<SB<8 1090 16668 Jo- 1.06 (0.96, 1.17)

SB=8 235 2029 —— 1.35(1.15, 1.59)
Middle 3<SB<8 790 21949 -of 0.93 (0.82, 1.05)

SB=8 161 2380 —— 1.24 (1.02, 1.51)
High 3<SB<8 447 12885 —o— 1.08 (0.91, 1.29)

: SB=8 101 1523 P N— 1.63 (1.26, 2.13)
Comorbidity 0.08
Yes 3<SB<8 1275 24069 -9 1.00 (0.91, 1.10)

SB=8 287 3223 —— 1.26 (1.09, 1.47)
N 3<SB<8 1052 27433 - 1.04 (0.93, 1.16)
o
SB=8 209 2709 —— 1.51 (1.26, 1.80)
Depression 0.69
T e— 3<SB<8 1525 39560 » 1.03 (0.94, 1.13)
SB=8 256 3709 —— 1.38 (1.18, 1.60)
3<SB<8 588 9226 P 0.98 (0.85, 1.14
Moderately ( )
SB=8 163 1556 —— 1.27 (1.03, 1.56)
3<SB<8 214 2716 ol 0.94 (0.73, 1.23
Severely ( )
SB=8 77 667 1 o 1.27 (0.92, 1.76)

0.5 1 1.5 2 2.5

Fig. 2. Associations between sedentary behavior and outcomes by subgroups among older adults in Japan, 2016-2021.

The categorization of education corresponds to <9, 10-12, and > 13 years of education; comorbidity corresponds to the number of chronic diseases <2, > 2. A,
Stratified association for dementia; B, Stratified association for functional disability; and C, Stratified association for mortality. Adjusted for sex, age, marital status,
educational attainment, family equivalent income, employment, BMI, comorbidity, self-rated health, alcohol, smoking, frequency of eating meat or fish, frequency of
eating fruits and vegetables, and social isolation. HR, hazard ratio. N, sample size.

employment, medication use, APOE genotype, sleeping, and environ- sample size in SB > 8 and MVPA>1 h/d subgroups limited the inter-
mental factors could distort our results, even after adjusting for many pretation of the results with reduced accuracy and stability. Therefore,
available confounders. Sixth, the outcome events were identified by the the results for these groups should be interpreted with caution. Eighth,
Japan public LTCI registry and could result in a less accurate diagnosis the follow-up period for this study was breif. Consequently, the study
than a comprehensive clinical dementia examination. Seventh, the small may provide valuable insights into the short-term associations; however,
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Fig. 2. (continued).

it may not capture the long-term progression and the potential late-onset
consequences of SB and PA. Future large-scale, long-term follow-up,
prospective studies, and randomized controlled trials are still required.

5. Conclusions

For older adults, prolonged daily SB was associated with higher risks
of dementia, functional disability, and mortality, regardless of MVPA
levels, sex, education, comorbidity, and depression conditions. In-
dividuals with high MVPA also face considerable risks when engaging in
high SB. Additionally, those with high MVPA and high SB had compa-
rable risks to those with no MVPA and low SB. High SB with no MVPA is
associated with the highest risks. Accordingly, older adults should be

encouraged to sit less, especially for those who face challenges in
engaging in MVPA.
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