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Abstract
Backgrounds: Physical activity (PA) and sedentary behavior (SB) have been associated with mortality, while the joint association
with mortality is rarely reported among Chinese population. We aimed to examine the independent and joint association of PA and
SB with all-cause mortality in southern China.
Methods:A cohort of 12,608 China Hypertension Survey participants aged≥35 years were enrolled in 2013 to 2014, with a follow-
up period of 5.4 years. Baseline self-reported PA and SB were collected via the questionnaire. Kaplan–Meier curves (log-rank test)
and Cox proportional hazards regression were performed to evaluate the associations of PA and SB on all-cause mortality.
Results: A total of 11,744 eligible participants were included in the analysis. Over an average of 5.4 years of follow-up, 796 deaths
occurred. The risk of all-cause mortality was lower among participants with high PA than those with low tomoderate level (5.2% vs.
8.9%; hazards ratio [HR]: 0.75, 95% confidence interval [CI]: 0.61–0.87). Participants with SB ≥ 6 h had a higher risk of all-cause
mortality than those with SB <6 h (7.8% vs. 6.0%; HR: 1.37, 95% CI: 1.17–1.61). Participants with prolonged SB (≥6 h) and
inadequate PA (low to moderate) had a higher risk of all-cause mortality compared to those with SB < 6 h and high PA (11.2% vs.
4.9%;HR: 1.67, 95%CI: 1.35–2.06). Even in the participants with high PA, prolonged SB (≥6 h) was still associated with the higher
risk of all-cause mortality compared with SB < 6 h (7.0% vs. 4.9%; HR: 1.33, 95% CI: 1.12–1.56).
Conclusions: Among Chinese population, PA and SB have a joint association with the risk of all-cause mortality. Participants with
inadequate PA and prolonged SB had the highest risk of all-cause mortality compared with others.
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Introduction

The lack of physical activity (PA) is a primary risk factor for
mortality.[1] Previous studies indicated that over 5 million
deaths worldwide each year are due to inadequate PA.[2]

High amounts of sedentary behavior (SB) are associated
with increased risks for chronic diseases and mortality.[3-5]

Furthermore, self-reported SB in several domains such as
sitting,[6] driving a car,[7] and TV viewing,[8,9] is positively
associated with mortality. A study on the dose-response
association between sitting time and both all-cause and
cardiovascular disease mortality revealed that people who
reported sitting almost thewhole timehada54%higher risk
than those who reported sitting almost no time.[10] SB was
nearly responsible for 3.8% of all-cause mortality based on
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a meta-analysis involving 54 countries.[11] Unfortunately,
SB is very widespread. According to objective monitoring,
adults in western countries spend an average of 9 to 11 h for
daily sedentary.[12,13] Meanwhile, several studies empha-
sized that a large proportion of the global population still
present with high levels of SB and low levels of PA.[14-16] A
multi-center study conducted in ten countries including
China found that themean sedentary time of adults aged 18
to 66 years was 8.7 h/day.[17] The largest study involving
1,005,791 participants to date examined the joint associ-
ations of SB and PAwith mortality, and the result indicated
that the relative risks (RRs) associated with SB were higher
among the population who were physically inactive, and
high levels of PA might attenuate the harmful effects
associated with prolonged SB.[18]
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To our knowledge, the associations of PA and SB with
mortality have been examined in quite a few studies from
western countries. However, the availability of similar
data is rare among Chinese population. Therefore, in the
present study, we aimed to prospectively examine the
independent and joint associations of PA and SB with all-
cause mortality in Jiangxi Province of China.
Methods

Ethical approval

All participants were from the China Hypertension
Survey,[19] which was approved by the Ethics Committee
of the Second Affiliated Hospital of Nanchang University
and the Fuwai Cardiovascular Hospital in Beijing, China
(Approval No. 2012-402). Written informed consent was
obtained from each participant.
Study design and participants

The cross-sectional epidemiological investigation, a com-
munity-based study, aimed to assess the prevalence of
hypertension in China, of which a subset was conducted
from November 2013 to August 2014 in Jiangxi Province
in southern China. Participants living in Jiangxi Province
for 6 months and aged 15 years or older were randomly
recruited in the study. Details regarding the method and
design of the survey have been published previously.[20,21]

Briefly, a stratified, multistage random sampling method
was used to obtain a nationally representative sample of
the general Chinese population aged ≥15 years. The first
stage of sampling was to select four cities in urban areas
and four counties in rural areas within Jiangxi Province by
the probability proportional to size method. Then, by a
simple random sampling method, two districts or two
townships were selected within each city or rural area, and
three communities or villages were chosen within each
district or township, respectively. In the final stage of
sampling, a given number of participants from each
stratum based on sex and age were selected from
communities or villages using lists compiled from local
government registers of households.

In the present longitudinal study, 12,608 participants aged
≥ 35 years were followed up from July 2019 to October
2020. After excluding those with missing data on PA
(n= 66) and SB (n= 798), a final total of 11,744 eligible
participants were included in the analysis.
Exposure variables

Self-reported PA was assessed with the International
Physical Activity Questionnaire (IPAQ), which was
supported by the WHO and the American Centers for
Disease Control and Prevention.[22,23] The categoric
analysis divided participants into groups of performing
low, moderate, or high PA, according to the questionnaire
scoring rule (standard for scoring: http://www.ipaq.ki.se).
The detailed definition of the categories is as follows: (1)
Low: meet neither “moderate” nor “high” criteria. (2)
Moderate: meet any of the following three criteria: 3 days
of high-intensity activity for ≥20 min/day; 5 days of
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moderate-intensity activity or walking of >30 min/day for
>10 min each time; or 5 days of any combination of
walking, moderate-intensity, or high-intensity activities,
achieving ≥600 metabolic equivalents of task (MET)-
minutes per week (MET-min per week). At rest or sitting
idly, 1 MET equals:1 kilocalorie per kilogram of body
weight timesminutes of activity, or 3.5milliliters of oxygen
per kilogram of body weight times minutes of activity. (3)
High: meet either of two criteria: (a) high-intensity activity
for >3 days per week and accumulating ≥1500 MET-min
per week, or (b) >5 days of any combination of walking,
moderate-intensity, or high-intensity activities, achieving
≥3000 MET-min per week.

SB is defined as any waking behavior with an energy
expenditure �1.5 METs, while in a sitting or reclining
posture. Self-reported SBwas obtainedwith the following
question from the long-form of IPAQ: “How long do
you spend in your SB every day, such as sitting or
reclining, including reading, watching TV, or working
online?”
Potential confounders

Potential confounders at baseline were shown as: demo-
graphic characteristics including sex (male and female),
education (0–6 years of school, 7–9 years of school, and
10 years of school or more), residence (urban and rural),
employment status (employed, retired, student, and
unemployed), marital status (unmarried, married, di-
vorced, or widowed). Lifestyle including current smoking
(defined as a “yes” responding to the question: “Have you
smoked at least one cigarette per day during the past
30 days?”), current drinking (assessed based on the
responses to the question: “Have you had at least one drink
per week during the past 30 days?”), sleep duration (relied
on the response to the question: “On average, how many
hours of sleep do you get in a 24-h period on workdays and
nonwork days, respectively?” and calculated as [average
sleep duration on weekdays � 5+average sleep duration
on weekends� 2]/7). Diseases history including self-
reported history of stroke (assessed by the question:
“Have you ever been told by a doctor or other health
professional that you had a stroke?” and verified with
medical or hospital records), self-reported myocardial
infarction (MI, obtained with the question: “Have you
been diagnosed with MI by a hospital?” and verified with
medical or hospital records), hypertension (defined as
systemic blood pressure [SBP] ≥140 mm Hg and/or
diastolic blood pressure [DBP] ≥90 mmHg, and use of
antihypertensive drugs within 2 weeks).[24,25] Body
measurement index including body mass index (BMI)
(calculated as weight/height2), basal metabolism rate
(BMR), and visceral fat rate (VAI) which was measured
by bioelectrical impedance methods using Omron body fat
and weight measurement device (V-BODY HBF-371,
OMRON, Kyoto, Japan).
Outcome ascertainment

All-cause deaths were collected through telephone inter-
views, consultations to the local public health doctor and
village doctors, and also ascertained from the Jiangxi
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Province Center for Disease Control and Prevention,
which is responsible for the provincial cause-of-death
monitoring, and results from different approaches were
mutually verified. Information on death time, location,
cause, and diagnostic institution were collected.
Statistical analysis

Data were analyzed using the statistical packages R
(http://www.r-proje.ct.org) and Empower (R) (www.
empow.erstats.com, X&Y Solutions Inc., Boston, MA,
USA). Data are presented as mean ± standard deviation
or median (interquartile range) for continuous variables
and as frequency (%) for categorical variables. The
baseline characteristics of the different groups were
compared using one-way analysis of variance, Kruskal-
Wallis H tests (continuous variables) or x2 tests
(categorical variables). The associations of PA and SB
on all-cause mortality were evaluated using Kaplan-
Meier curves (log-rank test) and Cox proportional
hazards models (hazards ratio [HR] and 95% confidence
interval [CI]) with survival time (in years) as the time from
baseline to death or the censor date (October 1, 2020),
with adjustment for major covariables including age,
education, residence, employment status, marital status,
current smoking, current drinking, sleeping duration,MI,
stroke, hypertension, BMI, BMR, and VAI. The joint
association between PA and SB by deriving a combined
variable with four groups, where the combined high PA
and SB of <6 h served as the reference category. Relative
excess risk due to interaction (RERI), attributable
proportion (AP), and synergy index (S),[26,27] and their
95% CIs, were calculated to evaluate the additive
interaction between PA and SB on all-cause mortality.
Excel sheets for calculation of CIs around RERI, AP, and
S can be found elsewhere.[28,29] When RERI and AP were
equal to 0 and Swas equal to one, or 0waswithin the 95%
CI of RERI and AP or one was within the 95% CI of S,
there was no additive interaction. In addition, modifica-
tions of potential variables (e.g. PA) on the association
between SB and all-cause mortality were also evaluated
by stratified analyses. A two-tailed P< 0.05 was consid-
ered to be statistically significant.
Results

The present study included 11,744 eligible participants.
The average age of all participants was 58.9± 13.3 years;
4813 were men (41.0%). Mean sedentary time was
3.8± 2.6 h. There were 1781 (15.2%), 3171 (27.0%), and
6792 (57.8%) participants engaged in low, moderate, and
high PA, respectively. The characteristics of participants
are presented in Table 1. SB (<6 h, ≥6 h) and PA (low to
moderate, high) were crosswise combined into four groups
of high PA and SB< 6 h, high PA and SB ≥ 6 h, low to
moderate PA and SB< 6 h, and low tomoderate PA and SB
≥ 6 h. Compared to the other three groups, participants
with low to moderate PA and SB ≥ 6 h had the highest age,
VAI, SB, SBP, DBP, the largest proportion of male, current
smoking, hypertension, stroke, education ≥10 years,
urban residents, unemployed, the lowest BMI, and the
lowest proportion of married participants. Characteristics
of participants stratified by SB (<6 h, ≥6 h) and PA (low to
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moderate, high) were also presented in Supplementary
Table 1, http://links.lww.com/CM9/A739.

During an average of 5.4 years of follow-up (median:
5.6 years; interquartile range: 5.3–5.7 years), there were
totally 796 deaths, including 133 stroke deaths, 240
cardiovascular deaths, 68 cancer deaths, 109 respiratory
failure deaths, and 246 other deaths. The risk of all-cause
mortality was lower among participants with high PA than
those with low to moderate level (5.2% vs. 8.9%) and
higher (7.8% vs. 6.0%) among participants with SB ≥6 h
compared to those with <6 h.

Table 2 presented the independent association of PA and
SB with all-cause mortality by the Cox proportional
hazards regression analysis. There was a statistically
positive linear association between SB (continuous) and
all-cause mortality (HR: 1.04, 95% CI: 1.02–1.06). When
SB <4 h group was assessed as the reference group, the
HR (95% CI) values in groups of 4 h� SB < 6 h, 6 h � SB
< 8 h, and SB ≥ 8 h were 0.97 (0.78–1.15), 1.28 (1.03–
1.59), and 1.46 (1.17–1.83), respectively. There was
no significant difference on HR values between SB < 4 h
group and 4 h � SB < 6 h group. Therefore, the SB was
finally combined into<6 h group and ≥6 h group. High SB
(≥6 h) was associated with a greater risk of all-cause
mortality compared with low SB (<6 h); the HR (95% CI)
was 1.37 (1.17–1.61) in the all-adjusted model (Model II).
Compared with low PA group, the HR for all-cause
mortality was not significant in the moderate PA group.
Thus, SB was divided into low to moderate PA group and
high PA group. After adjustment for pertinent covariates,
participants with high PA had a lower risk of all-cause
mortality than participants with low to moderate PA (HR:
0.75, 95%CI: 0.61–0.87). Sensitivity analysis showed that
the independent association of PA and SB with all-cause
mortality remained statistically significant in participants
excluding those who died in the first 2 years of follow-
up [Supplementary Table 2, http://links.lww.com/CM9/
A739].

When PA and SBwere assessed together, the Kaplan–Meier
curves [Figure 1] showed that the cumulative hazards of all-
causemortality significantly differed among the four groups
(log-rank P< 0.001). Based on RERI of �0.090 (95% CI:
�0.175 to �0.005), AP of �0.054 (95% CI: �0.076 to
�0.032), and S of 0.881 (95% CI: 0.874–0.889), the
analyses revealed an interaction on the additive scale
between SB and PA on all-cause mortality. There was a
significant interaction between PA (low to moderate, high)
and SB (<6 h, ≥6 h) on all-cause mortality. A stronger
positive association between SB and all-cause mortality was
found in low to moderate PA group (HR: 1.74, 95% CI:
1.18–2.28) compared with in high PA group (HR: 1.28
[95% CI: 1.04–1.57], Pinteraction= 0.023) [Supplementary
Figure 1, http://links.lww.com/CM9/A739].

Table 3 showed that the highest risk of all-cause mortality
was in the group with prolonged SB (≥6 h) and inadequate
PA (low to moderate), with an HR of 1.67 (95% CI: 1.35–
2.06). Among participants with high PA, compared with
SB< 6 h, prolonged SB (≥6 h) was still associated with a
higher all-cause mortality (7.0% vs. 4.9%; HR: 1.33, 95%
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Table 1: Baseline characteristics of study participants stratified by PA and SB.

Characteristics
High PA,
SB< 6 h

High PA,
SB ≥ 6 h

Low to moderate PA,
SB< 6 h

Low to moderate PA,
SB ≥ 6 h Statistics P value

N 5768 1024 3699 1253

Age, years 57.7± 12.2 57.5± 13.3 60.1± 14.1 62.2± 15.1 53.991
∗

<0.001

BMI, kg/m2 23.2 ± 3.5 23.1 ± 3.7 23.1 ± 3.7 22.9 ± 3.8 18.488
∗

0.014

BMR, kcal/day 1222.0 (1117.0– 1370.0) 1209.0 (1116.0–1350.0) 1220.0 (1109.0– 1381.0) 1213.0 (1110.0–1399.0) 0.870‡ 0.351

VAI, % 7.7 (5.0–10.0) 7.3 (4.7–9.0) 7.7 (5.0–10.0) 7.8 (4.5–10.0) 2.548‡ 0.017

Sleeping duration, h 7.5 (6.6–8.0) 8.0 (6.6–8.0) 7.7 (6.5–8.0) 7.5 (6.6–8.0) 2.603‡ 0.431

SB, h 2.8± 1.3 7.6± 2.3 2.8± 1.4 8.0± 3.1 524.579
∗

<0.001

SBP, mmHg 126.8± 19.1 127.1± 19.7 129.2± 20.3 129.4± 19.6 14.130
∗

<0.001

DBP, mmHg 74.3± 10.7 75.5± 10.7 75.1± 10.8 76.0± 11.3 10.939
∗

<0.001

Male 2180 (37.8) 378 (36.9) 1638 (44.3) 617 (49.2) 83.233† <0.001

Current smoking 1077 (18.7) 203 (19.8) 775 (21.0) 279 (22.3) 12.437† 0.006

Current drinking 1520 (26.4) 265 (25.9) 916 (24.8) 288 (23.0) 7.506† 0.057

Hypertension 1844 (32.0) 314 (30.7) 1343 (36.3) 508 (40.5) 48.161† <0.001

MI 35 (0.6) 6 (0.6) 36 (1.0) 8 (0.6) 4.699† 0.195

Stroke 92 (1.6) 11 (1.1) 70 (1.9) 40 (3.2) 18.195† <0.001

Education, years 99.898† <0.001

0 to 6 3417 (59.2) 538 (52.5) 2204 (59.6) 727 (58.0)

7 to 9 2223 (38.5) 445 (43.5) 1364 (39.6) 436 (34.8)

≥10 128 (2.2) 41 (4.0) 131 (3.5) 90 (7.2)

Residence 507.669† <0.001

Urban 2439 (42.3) 668 (65.2) 1716 (46.4) 913 (72.9)

Rural 3329 (57.7) 356 (34.8) 1983 (53.6) 340 (27.1)

Employment status 79.126† <0.001

Employed 2058 (35.7) 340 (33.2) 1308 (35.4) 358 (28.6)

Retired 893 (15.5) 190 (18.6) 441 (11.9) 181 (14.4)

Student 85 (1.5) 5 (0.5) 45 (1.2) 9 (0.7)

Unemployed 2732 (47.4) 489 (47.8) 1905 (51.5) 705 (56.3)

Marital status 98.683† <0.001

Unmarried 50 (0.9) 19 (1.9) 45 (1.2) 25 (2.0)

Married 5134 (89.0) 876 (85.5) 3114 (84.2) 1001 (79.9)

Divorced or widowed 584 (10.1) 129 (12.6) 540 (14.6) 227 (18.1)

Data are presented as n (%), mean± standard deviation or median (interquartile range).
∗
F value. †x2 values. ‡H values. BMI: Body mass index; BMR:

Basal metabolism rate; DBP: Diastolic blood pressure; MI: Myocardial infarction; PA: Physical activity; SBP: Systemic blood pressure; SB: Sedentary
behavior; VAI: Visceral fat rate.
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CI: 1.12–1.56). Consistent results were found among
participants excluding those who died in the first 2 years of
follow-up [Supplementary Table 3, http://links.lww.com/
CM9/A739].
Discussion

In recent years, the association of PA and SB with health
outcomes is an object of intense concern. Our study lends
further evidence to the increasing literature pointing to PA
and SB as independent predictors of all-cause mortality.We
found that Chinese participants with adequate PA (high)
had lowermortality risk,while thosewith prolonged SB (≥6
h) had highermortality, and participants with prolonged SB
(≥6h) combiningwith inadequatePA (low tomoderate) had
the highest risk of all-cause mortality.

Previous studies demonstrated the inverse association of
self-reported PA with all-cause mortality. Samitz et al[30]

pooled data of 1,338,143 participants and found that RR
for mortality was 0.65 (95% CI: 0.60–0.71) comparing
highest with lowest levels of PA. Investigating different
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intensity categories of PA with all-cause mortality, Lollgen
et al[31] reported highly active men and women had a 22%
(RR: 0.78, 95% CI: 0.72–0.84) and 31% (RR: 0.69, 95%
CI: 0.53–0.90) lower risk of all-cause mortality, respective-
ly. An increasing number of papers comprising the literature
documented the positive association between self-reported
SB and all-cause mortality. Biswas et al[32] found a
significant HR association of prolonged SB with all-cause
mortality (HR: 1.24, 95% CI: 1.09–1.41). Matthews
et al[33] revealed that black adults with SB > 12 h/day
had a 20% to25% increased risk of all-causemortality than
thosewith SB< 5.8h/day. In recent decades forChina, there
hasbeena substantial transformation froma labor-intensive
lifestyle to more sedentary and physically inactive lifestyle,
which is close to theWestern lifestyle.However, the status of
PA and SB and the associations with mortality risk were
unclear.[34] Our study made efforts in this regard. In
agreement with the above results mainly in Western
countries, consistent conclusions were found in our study
among Chinese population.

Similar results were also reported in prior studies relying
on objective measurements. A study on 7-day waist-worn
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Table 2: The association of PA and SB on all-cause mortality.

All-cause mortality, HR (95% CI)

Variables N All-cause death (%) Crude Model I Model II

SB, h
As continuous variable 11,744 796 (6.8) 1.04 (1.02–1.06) 1.04 (1.02–1.07) 1.04 (1.02–1.06)
As categories variable (4 groups)
<4 6738 406 (6.0) 1.00 1.00 1.00
≥4 to 6 2727 178 (6.5) 1.08 (0.90–1.28) 0.99 (0.82–1.18) 0.97 (0.81–1.16)
≥6 to 8 1253 112 (8.9) 1.48 (1.20–1.82) 1.33 (1.08–1.65) 1.28 (1.03–1.59)
≥8 1026 100 (9.7) 1.64 (1.31–2.04) 1.53 (1.23–1.91) 1.46 (1.17–1.83)

As categories variable (2 groups)
<6 9467 584 (6.2) 1.00 1.00 1.00
≥6 2277 212 (9.3) 1.52 (1.30–1.78) 1.43 (1.22–1.68) 1.37 (1.17–1.61)

PA
As categories variable (3 groups)
Low 1781 187 (10.5) 1.00 1.00 1.00
Moderate 3171 253 (8.0) 0.75 (0.62–0.91) 0.93 (0.77–1.12) 0.95 (0.78–1.15)
High 6792 356 (5.2) 0.48 (0.40–0.57) 0.69 (0.58–0.83) 0.73 (0.61–0.87)

As categories variable (2 groups)
Low to moderate 4952 440 (8.9) 1.00 1.00 1.00
High 6792 356 (5.2) 0.57 (0.50–0.66) 0.72 (0.63–0.83) 0.75 (0.61–0.87)

Model I: adjusted for sex; age; education; residence; marital status; employment status; Model II: adjusted for sex; age; education; residence; marital
status; employment status; current smoking; current drinking; sleeping duration; BMI; BMR; VAI; SBP; DBP; hypertension;MI; stroke. BMI: Body mass
index; BMR: Basal metabolism rate; CI: Confidence interval; DBP: Diastolic blood pressure; HR: Hazards ratio; MI: Myocardial infarction; SB:
Sedentary behavior; SBP: Systemic blood pressure; VAI: Visceral fat rate.

Figure 1: Kaplan–Meier curves of cumulative hazards of all-cause mortality by PA (low to
moderate vs. high) and SB (<6 h, ≥6 h). PA: Physical activity; SB: Sedentary behavior.

Table 3: Joint associations of PA (low to moderate, high) and SB Level

Combined variables N All-cause death (%)

High PA, SB<6 h 5768 284 (4.9)
High PA, SB≥6 h 1024 72 (7.0)
Low to moderate PA, SB<6 h 3699 300 (8.1)
Low to moderate PA, SB≥6 h 1253 140 (11.2)

P for trend

Model I: adjusted for sex; age; education; residence; marital status; employm
status; employment status; current smoking; current drinking; sleeping duratio
index; BMR: Basal metabolism rate; CI: Confidence interval; DBP: Diasto
Sedentary behavior; SBP: Systemic blood pressure; VAI: Visceral fat rate.
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accelerometry data of 1906 participants aging ≥50 years
from the U.S. nationally representative National Health
and Nutrition Examination Survey 2003 to 2004 with
2.8 years of follow-up, indicated that participants in the
fourth of SB quartile had a 5.94 times higher risk of
mortality than those in the lowest quartile.[35] Lee et al[36]

reported that among 16,741 women with PA measured by
wearing a triaxial accelerometer on the hip for 7 days,
during a follow-up of 2.3 years, there was a 60.0% to
70.0% of risk reduction for the fourth quartile vs. the first
quartile of PA. A subset of the European Prospective
Investigation Into Cancer and Nutrition-Norfolk study
prospectively investigated 5249 adults 40 to 79 years of
age wearing an accelerometer on the right hip for 1 week;
strongly inverse and positive linear associations were,
respectively, observed for PA and SB with mortality.[37]

Comparing to accelerometry measurements, self-report
measurements have not quantified PA and SB, but they had
s (<6 h, ≥6 h) on all-cause mortality.

All-cause mortality, HR (95% CI)

Crude Model I Model II

1.00 1.00 1.00
1.43 (1.10–1.85) 1.39 (1.18–1.64) 1.33 (1.12–1.56)
1.70 (1.45–2.00) 1.51 (1.17–1.97) 1.43 (1.10–1.86)
2.35 (1.92–2.88) 1.77 (1.44–2.18) 1.67 (1.35–2.06)

<0.001 <0.001 <0.001

ent status; Model II: adjusted for sex; age; education; residence; marital
n; BMI; BMR; VAI; SBP; DBP; hypertension;MI; stroke. BMI: Body mass
lic blood pressure; HR: Hazards ratio; MI: Myocardial infarction; SB:
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longer follow-up durations to reflect long-term patterns
and could be accessed easily. The two assessment
approaches overlapped, but each would provide unique
information.[38] Further studies should effectively integrate
them to explore a more comprehensive estimation of PA,
SB, and their associations with all-cause mortality.

Although recommendations on minimizing SB have begun
to appear in public health guidelines,[5] few quantitative
guidelines exist for SB. Previous cut-off duration of daily
SB required to minimize mortality was inconsistent. A
meta-analysis including 13 studies (all self-reported
measures) indicated that ≥4 h/day in SB resulted in an
increased risk of all-cause mortality.[18] Based on six
studies (five self-reported vs. one device-based), Chau
et al[4] revealed that SB of >7 h/day was associated with
increased mortality risk. Basing on studies with device-
based measures, Ku et al[39] reported that the appropriate
daily SB cut-off duration in adults was around 9 h. In our
study, we found the significant cut-off duration of self-
reported SB was 6 h/day. After considering the report
indicating that the subjective assessment might lead to an
underestimation of daily SB in the range of 2 to 3.5 h,[40] it
is our inference that the specific duration of SB for
recommendations in China needs further study.

Some mechanisms may explain the association of SB and
PA with health. SB has been significantly associated with
metabolic risk factors including fasting glucose, triglycer-
ides, and high-density lipoprotein cholesterol,[41,42] which
may be a part of the explanation for the higher risk of
mortality. Moreover, SB would lead to mitochondrial
dysfunction, dysregulation of cellular redox status, and
increased inflammation, and also may alter mitochondrial
DNA deletions or mutations and increase reactive oxygen
species-mediated toxicity. Finally, this chain of factors
results in cellular senescence and cell death.[43] Neverthe-
less, more study is necessary for the mechanisms underly-
ing the harmful influence of SB on health. Possible
mechanisms underlying the benefit of PA on mortality
involve the favorable alterations in glucose tolerance, lipid
levels, blood pressure, and BMI.[44,45] Recent studies have
demonstrated the direct vascular deconditioning and
conditioning effect of PA, which may contribute to
decreased health risk.[46] Furthermore, PA has other
potential benefits on health covering attenuation of plaque
progression, improvement of endothelial cell function,
reduction of myocardial oxygen and thrombosis, stabili-
zation of vulnerable plaques, and strengthened collater-
alization.[47,48] This may explain how adequate PA
attenuates the harmful influence of SB.

The strengths of our study include a Chinese population-
based design, a large random sample size, and strict
adjustment to minimize residual confounders. Several
limitations should be noted. First, we did not objectively
quantify PA and SB, so the association of PA and SB with
mortality might be underestimated in questionnaire- based
studies, possibly due to recall bias when relying on
imprecise PA and SB self-reports.[20,49,50] Second, although
a range of confounding covariates we adjusted, the
influence of potential confounding effects could not be
excluded entirely. Third, all participants included in our
2862
study were from southern China, so it would be difficult to
generalize to other populations.
Conclusions

A significant and independent association of prolonged SB
on all-cause mortality appeared among participants with
high PA. High amounts of PA effectively attenuate the risk
of SB on mortality. In conclusion, PA and SB have been
among the leading modifiable risk factors for all-cause
mortality not only in Western countries but also in China.
Reduction of SB will be an effective strategy, ancillary to
increasing PA, for preventing all-cause mortality in
physically inactive or sedentary populations.
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