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Summary
Background As one of the most common lifestyles today, sedentary behaviour is a risk factor for many health condi-
tions. To inform potential behavioural guideline development, we aimed to estimate the theoretical effects of replac-
ing sedentary behaviour with different intensity of physical activity on risks of 45 common non-communicable
diseases (NCDs).

Methods A total of 360,047 participants (aged 37-73 years) in the UK Biobank free of the 45 common non-communi-
cable diseases (NCDs) were included. Information on sedentary time (sum of television watching, computer using
and driving behaviour) and physical activity (measured by International Physical Activity Questionnaire question-
naire) were collected by self-reported at baseline. Participants were followed up for 45 NCDs diagnosis according to
the ICD-10 code using linkage to national health records until 2020. Isotemporal substitution models were used to
investigate substituting sedentary time with light physical activity (LPA), moderate physical activity (MPA) and vigor-
ous physical activity (VPA) after adjusting for potential confounders.

Finding Participants who reported > 6 h/day compared with ≤ 2 h/day sedentary time had higher risks of 12
(26.7%) of 45 NCDs, including ischemic heart disease, diabetes, chronic obstructive pulmonary disease, asthma,
chronic kidney disease, chronic liver disease, thyroid disorder, depression, migraine, gout, rheumatoid arthritis and
diverticular disease. Theoretically, replacing sedentary time with equivalent LPA, MPA and VPA was associated with
risk reductions in 4, 6 and 10 types of NCDs, respectively. Among long sedentary time (> 6 h/day), replacing
1 h/day sedentary time with equivalent VPA showed stronger associations with 5 NCDs (diabetes, depression,
chronic liver disease, diverticular disease and sleep disorder), with a larger risk reduction of 11%-31%.

Interpretation Sedentary time is associated with multiple adverse health conditions, replacing sedentary time with
any equivalent amounts of VPA than LPA and MPA could be associated with risk reductions of more types of NCDs.
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Introduction
Sedentary time represents a major public health prob-
lem considering its high prevalence and health cost.1,2

In the UK, each adult spends an average 5 h/day of sed-
entary activities, 30% adults are sedentary for at least
6 h/day during the week, which rises to 37% on the
weekend.1 Previous studies have reported that a person's
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waking day involves sedentary activities ubiquitously
associated with prolonged sitting, such as watching
television and using computer.3 Recent Canadian
24 h Movement Guidelines recommended that sed-
entary time limited to 8 h or less for adults, which
includes no more than 3 h of recreational screen
time for adults.4

Current guidelines and overviews systemically sum-
marized the evidence regarding the effect of sedentary
time on health conditions.4−6 For instance, it is
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Research in context

Evidence before the study

We searched PubMed for full-text original studies and
review articles written in English published up to Octo-
ber 30, 2021, to identify papers on physical activity, sed-
entary behaviour and adverse health outcomes. The
search terms used were “physical activity”, “sedentary
behaviour”, together with “health outcome”. The most
reference lists of the identified papers showed that sed-
entary behaviour and physical activity are indepen-
dently associated with risk of some health outcomes;
however, there was no study to date to systematically
examine theoretical effects of replacing sedentary
behavior with different intensity of physical activity on
risk of multiple health outcomes.

Added value of the study

To the best of our knowledge, this is one of the largest
single cohort studies of its kind to date that quantifies
the replacing effect of sedentary behaviour with physi-
cal activity on health outcomes. We provide evidence
that sedentary behaviour of > 6 h/day was associated
with higher risks of 12 of 45 non-communicable dis-
eases (NCDs) compared with ≤ 2 h/day sedentary
behaviour, and replacing sedentary behaviour with
equivalent light physical activity (LPA), moderate physi-
cal activity (MPA) and vigorous physical activity (VPA)
was associated with risk reduction in 4, 6 and 10 types
of NCDs, respectively.

Implications of all the available evidence

These findings have relevant individual, clinical, and
public health implications as the results suggest that
replacing sedentary behaviour with VPA could be a
more beneficial way of reducing the risks of more NCDs.
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suggested that longer sedentary time was associated
with increased risk of all-cause mortality.7−9 Sedentary
time was also an established risk factor for several non-
communicable diseases (NCDs), such as cardiovascular
disease (CVD),10 diabetes,11 and cognitive decline.12

Moderate evidence indicated an increased risk of colo-
rectal, endometrial and lung cancer.13 However, most of
the existing evidence have emerged from separate and
heterogeneous studies. Therefore, this warrants investi-
gation in one large-scale study oriented by outcomes-
wide analyses.

Although sedentary time, physical activity, and sleep-
ing are common behaviours that occupy a 24 h day,
most previous studies have typically examined each
behaviour without considering what time-dependent
behaviours are being displaced. Isotemporal substitu-
tion model (ISM) uniquely enables examination of the
potential effect on health outcomes of substituting one
type of activity with another.14 A recent systematic
review of compositional data analysis that included 1
prospective and 7 cross-sectional studies revealed associ-
ations between sleep, sedentary time, and physical activ-
ity with health outcomes in adults.15 A recent UK
Biobank study found that time spent in moderate-vigor-
ous physical activity was associated with lower mortality,
irrespective of whether it replaced time spent sleeping,
sedentary, or in light activity.16 However, there is less
comprehensive evidence about the replacement effect of
sedentary time with different intensity physical activity
and sleeping on various health outcomes in a large lon-
gitudinal study.

To strengthen the existing evidence about the influ-
ence of sedentary time and to inform the development
and evaluation of physical activity interventions, we
examined the comprehensive associations of sedentary
time with the risks of 45 NCDs, and our primary objec-
tives were to assess whether substituting periods of daily
sedentary time with light physical activity (LPA), moder-
ate physical activity (MPA), vigorous physical activity
(VPA) and sleeping were associated with lower risks of
some NCDs.
Methods

Study design and population
This was a prospective, population-based cohort study of
participants enrolled in the UK Biobank. Between April
2006 and December 2010, the UK Biobank recruited
502,528 adults (37−73 years old) from the general popu-
lation. Participants attended one of 22 assessment cen-
ters across England, Scotland, and Wales, where they
completed touchscreen and nurse-led questionnaires,
had physical measurements taken, and provided biolog-
ical samples.17 In the current study, sedentary time,
physical activity and sleep duration were used as expo-
sures and 45 types of NCDs as outcomes. Participants
were excluded if they had any of history of NCDs before
recruitment, missing information on exposures or cova-
riates, leaving 360,047 participants included in final
study (Supplemental Figure S1). All participants gave
written informed consent prior data collection. This
study was performed under generic ethical approval
obtained by the UK Biobank from the National Health
Service National Research Ethics Service (approval letter
ref 11/NW/0382, dated 17 June 2011).
Exposure variables
Sedentary behaviours in leisure time were self-reported
and collected using questionnaires at baseline. Partici-
pants were asked in a typical day how many hours they
spent watching television, using computer and driving.
This information was used as an indicator of sedentary
behaviours as television watching, time spent using
www.thelancet.com Vol 48 Month June, 2022
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computers and driving are three of the most wide-
spread leisure-time sedentary behaviours in adults.18

The questions on physical activity that were included
in the UK Biobank baseline questionnaire were adapted
from the International Physical Activity Questionnaire
(IPAQ) short form, a validated survey instrument.19

The questions captured the frequency and duration of
three different intensity of activities (light, moderate,
and vigorous). The number of days per week that partic-
ipants engaged in each level of physical activity was
multiplied by the number of minutes spent per day
doing that activity. This gave the total number of
minutes spent per week engaged in each activity cate-
gory, then we calculate the mean hours spent per day.

Sleep duration was collected by self-reported. Partici-
pants were asked the following: “About how many
hours sleep do you get in every 24 h? (please include
naps).” The answer could only contain integer values.
We treated sleeping as a piecewise variable with a break-
point at 7 h (≤ 7 h/day and > 7 h/day), where each of
the two sleeping variables had an approximately linear
association with mortality.20
Outcome ascertainment
The primary outcomes for this study were the inci-
dence of 45 types of NCDs. All residents in England,
Scotland, and Wales have a unique National Health
Service (NHS) identification number, which we used
to link all participants to electronic health records.
Participants were followed starting at inclusion until
the incidence of first NCDs, the date of death, or the
end of the follow-up (September 30, 2020), which-
ever came first. The diagnosis for incident NCDs
was coded according to the WHO International Clas-
sification of Diseases Tenth Revision (ICD-10). We
focused on eight ICD-10 disease chapters that con-
cern neoplasms, endocrine, nutritional, and meta-
bolic diseases, mental and behavioural disorders,
diseases of the nervous system, the circulatory sys-
tem, the respiratory system, the digestive system, the
musculoskeletal system. Detailed information on
ICD-10 was presented in Supplemental Table S1.
Covariates
Covariates of our analysis included exact age, sex, eth-
nicity (White, Black, South Asian, Mixed background),
socioeconomic status (Townsend Deprivation Index,
quintiles), employment status (worked, unemployed,
retired, others), education attainment (college or univer-
sity degree, professional qualifications, others), smok-
ing status (never, former, current), consumption of
alcohol intaking (continuous, g/day), and body mass
index (BMI, kg/m2). Further details for each variable
are available on the UK Biobank Website (https://www.
ukbiobank.ac.uk/).
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Statistical analysis
We summarized baseline characteristics by sedentary
behaviour using descriptive statistics, reporting the
mean and standard deviation (SD) of normal distribu-
tion or median and interquartile ranges of non-normal
distribution for continuous variables, and proportions
for categorical variables. We compared the baseline
characteristics by sedentary behaviour using Chi-square
test for categorical or One-Way ANOVA for continuous
variables.

Cox proportional hazards models with age as time-
scale were used to estimate the hazard ratio (HR) and
95% confidence interval (CI) of individual NCDs for
sedentary time. All models were adjusted for sex, ethnic-
ity, Townsend Deprivation Index, employment status,
educational attainment, smoking status, alcohol intake
and BMI. Specially, multivariable models of NCDs
related to female (breast, cervix, endometrium and ovary
cancer) were additionally adjusted for menopause status
and hormone replacement therapy. The proportional
hazard assumption was checked by tests based on
Schoenfeld residuals, and the results indicated that the
assumptions had not been violated. The non-linear asso-
ciations were tested by restricted cubic spline functions.
Likelihood ratio tests were used to examine the non-lin-
earity of sedentary time by comparing models including
spline or not. Moreover, to quantify the contribution of
longer sedentary time to the burden of individual
NCDs, we calculated population attributable fraction
(PAF), which can be interpreted as the proportional
reduction in population incidence that would have
occurred during follow-up if all participants had
adopted a shorter sedentary time.

ISM was used to estimate the effects of replacing
sedentary time as a continuous variable with different
intensity of physical activity (light, moderate and vigor-
ous) and sleep duration on risk of individual NCD.
Compared with conventional regression modelling,
ISM can provide a more accurate estimation of the
potential effects of different activities.14,21,22 The ISM
analyses make a more realistic assumption that an
increase in one behaviour will be accompanied by a
decrease of equivalent duration (isotemporal) in another
behaviour while total time in all behaviours is kept
constant.

In the sensitivity analysis, we undertook a series of
analyses to test the robustness of our findings. First,
partition models that additionally adjusted for different
intensity of physical activity and sleeping were fitted to
examine the statistically independent roles of other
activities in the associations between sedentary time
and individual NCD. Second, to minimize the potential
contribution of reverse causality to these findings, we
did a landmark analysis excluding NCDs occurring
within the two years after recruitment. Third, to
investigate the extent to which any attrition bias
from the missing data affected our results, we
3
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repeated the main analyses in a full cohort with
imputed data. The missing data were estimated by
multiple imputation models by chained equations.
Finally, to investigate residual confounding by smok-
ing, we repeated the analyses after excluding current
and former smokers.

All analyses were performed using STATA 15 statisti-
cal software (StataCorp) and R i386 3.4.3 (R Foundation
for Statistical Computing). Because of potentially
inflated type I errors due to multiple tests, all analyses
were corrected for multiple testing using Bonferroni’s
method (for 45 tests, P < 0.0011).23
Role of the funding source
The sponsor had no role in study design, data collection,
data analysis, data interpretation, or writing of the
report. The corresponding author had full access to the
data in the study and had final responsibility for the
decision to submit for publication.
Results
We included 360,047 participants (54.5% female) who
took part in the 2006−2010 examination. The mean
age of participants was 55.8§8.1 (range 37-73) years,
with all participants being followed up to 2020. There
were 67,034 (18.6%) participants reported a sedentary
time of over 6 h/day. Supplemental Figure S2 shows
the distribution of sedentary time among participants.
Table 1 shows the baseline characteristics of the study
population by sedentary time.

Estimated dose-response associations between
sedentary time and individual NCD are presented
from restricted cubic spline models (Supplemental
Figure S3), and sedentary time was overall associated
with risks of 17 types of NCDs. For 14 of the 17
NCDs, there was evidence of linear associations,
including ischemic heart disease (IHD), lung cancer,
chronic obstructive pulmonary disease (COPD),
asthma, diabetes, thyroid disorder, migraine, sleep
disorder, anxiety, chronic liver disease (CLD), chronic
kidney disease (CKD), inflammatory bowel disease
(IBD), diverticular disease and rheumatoid arthritis.
In contrast, the associations between sedentary time
and another 3 NCDs (dementia, depression, schizo-
phrenia) were curvilinear.

When sedentary time was categorized, we found that
sedentary time was associated with higher risk of 12 of
45 types of NCDs comparing > 6 h/day to ≤ 2 h/day
sedentary time (P < 0.0011) (Figure 1, Supplemental
Table S2), including migraine, rheumatoid arthritis,
COPD, diabetes, gout, CKD, CLD, asthma, thyroid dis-
order, depression, diverticular disease and IHD. More-
over, sedentary time was inversely associated with the
risk of schizophrenia, with the HR that compared >
6 h/day to ≤ 2 h/day of sedentary time being 0.26 (95%
CI: 0.18-0.38).

We estimated PAF for individual NCD that were sig-
nificantly related to sedentary time (Figure 2). The con-
tribution of > 6 h/day sedentary time to NCDs was
orderly migraine, rheumatoid arthritis, COPD, CLD,
diabetes, depression, CKD, asthma, thyroid disorders,
gout, diverticular disease and IHD. These findings illus-
trated that 3.7%-22.1% NCDs cases would theoretically
not have occurred if sedentary time of all participants
had decreased to less than 6 h/day, assuming a causal
relation.

Results of the ISM are shown in Table 2. There
were beneficial associations with diabetes and CKD
for replacing 1 h/day sedentary time with equivalent
any activities, including sleeping in those sleeping
for ≤ 7 h/day, sleeping for >7 h/day, LPA, MPA and
VPA. Substituting 1 h/day of sedentary time with
equivalent LPA was associated with a small reduction
in diabetes, CKD, diverticular disease and depres-
sion, with a 2%-5% risk reduction. Substituting
1 h/day of sedentary time with equivalent MPA was
associated with a lower risk of 6 types of NCDs
(including diabetes, CKD, COPD, diverticular dis-
ease, CLD and dementia), with a 2%-12% risk reduc-
tion. In contrast, replacing 1 h/day sedentary time
with equivalent VPA was associated with a lower risk
of 6 types of 10 types of NCDs (diabetes, CKD,
COPD, diverticular disease, depression, CLD, IHD,
lung cancer, IBD and sleep disorder), with a rela-
tively large reduction of 7%−19%.

While we replaced different duration of daily seden-
tary time with equivalent physical activity, we found
that there were linear effects of replacing sedentary
time with LPA, MPA and VPA on the several NCDs
(Supplemental Table S3). For instance, replacing
0.5 h/day sedentary time with VPA was substantially
associated with 10% and 8% lower risk of COPD and
diabetes. Strikingly, the effects of sedentary time replac-
ing another behaviour and of sedentary time being dis-
placed by another behaviour are asymmetric.
Substituting 1 h/day VPA with equivalent sedentary
time was associated with 17% and 12% higher risk of
diabetes and CKD (Supplemental Table S4). In addi-
tion, in participants with > 6 h/day sedentary time,
replacing 1 h/day sedentary time with equivalent MPA
was separately associated with 8% and 21% lower risks
of COPD and dementia, and replacing 1 h/day sedentary
time with equivalent VPA was associated with lower risk
of 5 NCDs (diabetes, diverticular disease, depression,
CLD and sleep disorder), with a larger reduction of 11%-
31% (Table 3).

The robustness of the associations between CVH
and stroke events was examined by several sensitivity
analyses. First, in partition model, additional adjust-
ment for sleep duration and different intensity of
physical activity was not essentially changed the
www.thelancet.com Vol 48 Month June, 2022



Characteristics Total Sedentary time (h/day) P value

≤ 2.0 2.1-4.0 4.1-6.0 >6

Total 360,047 42,336 (11.8) 135,486 (37.6) 115,191 (32.0) 67,034 (18.6)

Sex <0.001

Male 163,732 (45.5) 14,454 (34.1) 52,927 (39.1) 55,582 (48.3) 40,769 (60.8)

Female 196,315 (54.5) 27,882 (65.9) 82,559 (60.9) 52,927 (39.1) 26,265 (39.2)

Age (mean, SD) 55.8 (8.1) 54.7 (8.1) 55.5 (8.1) 56.7 (8.0) 56.0 (8.1) <0.001

Townsend deprivation index <0.001

1 (Least deprived) 72,330 (20.1) 6986 (16.5) 28,362 (20.9) 24,642 (21.4) 12,340 (18.4)

2 71,775 (19.9) 7224 (17.1) 27,607 (20.4) 24,240 (21.0) 12,704 (18.9)

3 72,131 (20.0) 7724 (18.2) 27,274 (20.1) 23,792 (20.7) 13,341 (19.9)

4 72,043 (20.0) 9177 (21.7) 27,156 (20.0) 22,181 (19.3) 13,529 (20.2)

5 (Most deprived) 71,768 (19.9) 11,225 (26.5) 25,087 (18.5) 20336 (17.6) 15,120 (22.6)

Ethnicity <0.001

White 342,787 (95.2) 39,734 (93.8) 129,928 (95.9) 110,523 (95.9) 62,602 (93.4)

Black 5153 (1.4) 626 (1.5) 1370 (1.0) 1432 (1.2) 1725 (2.6)

South Asian 7052 (2.0) 1156 (2.7) 2501 (1.8) 1853 (1.6) 1542 (2.3)

Mixed background 5055 (1.4) 820 (1.9) 1687 (1.3) 1383 (1.2) 1165 (1.7)

Employment status <0.001

Worked 223,180 (62.0) 29,323 (69,3) 88,241 (65.1) 65,525 (56.9) 40,091 (59.8)

Retired 110,024 (30.6) 9519 (22.5) 38,229 (28.2) 41,431 (36.0) 20,845 (31,1)

Unemployed 21,629 (6.0) 2759 (6.5) 7183 (5.3) 6668 (5.8) 5019 (7.5)

Others 5214 (1.5) 735 (1.7) 1833 (1.4) 1567 (1.4) 1079 (1.6)

Education level <0.001

College or university degree 130,303 (36.2) 21,334 (50.4) 53,830 (39.7) 36,394 (31.6) 18,745 (28.0)

Professional qualifications 180,471 (50.1) 16,972 (40.1) 65,929 (48.7) 60,987 (52.9) 36,583 (54.6)

Others 49,273 (13.7) 4030 (9.5) 15,727 (11.6) 17,810 (15.5) 11,706 (17.5)

Smoking status <0.001

Never 204,100 (56.7) 26,546 (62.7) 80,612 (59.5) 63,268 (54.9) 33,674 (50.2)

Former 121,038 (33.6) 12,182 (28.8) 43,229 (31.9) 40,744 (35.4) 24,883 (37.1)

Current 34,909 (9.7) 3608 (8.5) 11,645 (8.6) 11,179 (9.7) 8477 (12.7)

Alcohol intake (g/day; mean, SD) 15.2 (18.0) 13.1 (17.0) 14.4 (16.7) 15.8 (18.2) 17.1 (20.5) <0.001

Hypertension 247,173 (68.7) 25,282 (59.7) 89,791 (66.3) 82,487 (71.6) 49,613 (74.0) <0.001

SBP (mmHg; mean, SD) 138 (18) 134 (19) 137 (19) 139 (19) 139 (18) <0.001

DBP (mmHg; mean, SD) 82 (10) 80 (10) 82 (10) 83 (10) 84 (10) <0.001

BMI (kg/m2; mean, SD) 27.0 (4.5) 25.3 (4.1) 26.4 (5.3) 27.5 (4.4) 28.5 (4.8) <0.001

Sleep duration (h/day; mean, SD) 7.15 (1.03) 7.16 (1.01) 7.16 (0.98) 7.17 (1.03) 7.11 (1.11) <0.001

LPA (h/day; mean, SD) 0.80 (1.09) 0.86 (1.19) 0.83 (1.13) 0.80 (1.10) 0.68 (0.92) <0.001

MPA (h/day; mean, SD) 0.58 (0.94) 0.63 (1.03) 0.61 (0.98) 0.59 (0.94) 0.49 (0.79) <0.001

VPA (h/day; mean, SD) 0.20 (0.38) 0.22 (0.40) 0.21 (0.39) 0.20 (0.37) 0.18 (0.35) <0.001

Table 1: Baseline characteristics of participants by sedentary time.
Data are n (%), unless otherwise specified.

Abbreviations: BMI, body mass index; SD, standard deviation; SBP, systolic blood pressure; DBP, diastolic blood pressure; MPA, moderate physical activity;

VPA, vigorous physical activity; LPA, light physical activity.
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association between sedentary time and individual
NCDs (Supplemental Table S5), which indicated
these associations were statistically independent of
physical activity and sleeping. Second, we repeated
the main analysis among participants with at least
2 years of follow-up, and the HRs of individual
NCDs comparing > 6 h/day to ≤ 2 h/day sedentary
time were similar (Supplemental Table S6). Third,
www.thelancet.com Vol 48 Month June, 2022
the associations between sedentary time and individ-
ual NCDs with multiple imputed data showed that
the HRs remained essentially unchanged (Supple-
mental Table S7). Finally, the results of non-smoking
participants were generally consistent with the main
analyses that sedentary time was associated with
high risks of the NCDs, except for IHD (Supplemen-
tal Table S8).
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Figure 1. The hazard ratios of NCDs for sedentary time higher than 6 h/day compared with less than 2 h/day. Each box of forest plot
indicates the hazard ratios and confidence interval for individual NCD. The models were adjusted for age (timescale), sex, ethnicity,
Townsend Deprivation Index, employment status, educational attainment, smoking status, alcohol intake and BMI. Multivariate
models for specific disorders for female (breast, cervix, endometrium and ovary cancer) were additionally adjusted for menopause
status and hormone replacement therapy. All P values were corrected for multiple testing by using the Bonferroni’s method (P <
0.0011).
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Discussion
Our comprehensive analysis of a large UK-based pro-
spective study showed linear dose-response associations
of sedentary time with 14 types of NCDs. Sedentary
time of > 6 h/day was found to be associated with
increased risk of 12 of the 45 NCDs, statistically inde-
pendent of physical activity and sleeping. Replacing
sedentary time with equivalent VPA than LPA and MPA
could be associated with risk reduction of more types of
NCDs.

For cardiometabolic diseases, our study was consis-
tent with a previous study of older US women showing
that high sedentary time was associated with increased
risks of CVD and coronary heart disease in a dose-
www.thelancet.com Vol 48 Month June, 2022



Figure 2. Multivariable-adjusted population attributable fraction (PAF) for NCDs by over 6 h/day sedentary time. Each box of forest
plot indicates the population attributable fraction (PAF) and confidence interval for individual NCD, which can be interpreted as the
proportional reduction in population incidence that would have occurred during follow-up if all participants had adopted a seden-
tary time with < 6 h/day. The models were adjusted for age (timescale), sex, ethnicity, Townsend Deprivation Index, employment
status, educational attainment, smoking status, alcohol intake and BMI.
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response manner.10 A meta-analysis that included 9
prospective cohort studies also summarized a link
between the highest sedentary time category and an
increased risk of CVD, but presented a non-linear asso-
ciation.24 A previous study that included 71,018 US
women reported a weak association between prolong
sitting time (≥10 h/day) and risk of stroke.25 Similarly,
a previous study that included 82,695 US men showed
sedentary time of ≥ 5 h/day was associated with high
risk of heart failure. In the current study, no significant
associations of high sedentary time defined over
6 h/day with stroke, heart failure or atrial fibrillation,
the reason may be different definition of sedentary time
or heterogeneity of study population. There was a con-
sensus that high sedentary time increased the risk of
diabetes, with a linear association.11,26 Sedentary behav-
iour reduces voluntary energy expenditure, inhibits the
activation of the body’s largest skeletal muscles, and fur-
ther leading to reducing venous and arterial blood flow,
all of which might contribute to impaired glucose
metabolism.10
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For neoplasms, we only found suggestive evidence
about the associations of sedentary time with lung,
breast and endometrium cancer before multiple correc-
tion, which were generally similar to a recent review
that sedentary time, independent of physical activity,
has been shown to increase the risk of colon, endome-
trial, and lung cancers.27 Previous studies also demon-
strated no significant associations with multiple site-
specific cancer, such as ovary,28 prostate,29 oesophago
gastric,30 colorectal cancer.13 Moreover, a meta-analysis
including 43 observational studies almost presented
consistent associations between sedentary time and site-
specific cancers.31 While sedentary time may be linked
to cancer biomarkers of low energy expenditure, pos-
tural effects could also be involved. The physiological
mechanisms activated by standing might lead to
improved glucose regulation, mitochondrial function,
and endothelial function.32

The range of health conditions in our study
expanded upon previous studies focusing on sedentary
time and NCDs. The association between sedentary
7



NCDs Sleeping (≤7 h) Sleeping (>7 h) LPA MPA VPA

Diabetes 0.97 (0.96−0.98) 1.09 (1.05−1.12) 0.98 (0.96−0.99) 0.94 (0.92−0.96) 0.85 (0.81−0.89)

CKD 0.97 (0.96−0.99) 1.10 (1.05−1.16) 0.95 (0.93−0.98) 0.94 (0.92−0.97) 0.89 (0.83−0.95)

COPD 0.96 (0.95−0.98) 1.04 (0.99−1.08) 1.00 (0.98−1.02) 0.96 (0.94−0.98) 0.81 (0.76−0.86)

Diverticular disease 0.98 (0.97−0.99) 1.01 (0.98−1.04) 0.98 (0.97−0.99) 0.98 (0.97−0.99) 0.93 (0.90−0.96)

Depression 0.99 (0.98−1.00) 1.23 (1.20−1.27) 0.98 (0.96−0.99) 0.98 (0.96−1.01) 0.91 (0.87−0.96)

CLD 0.98 (0.96−1.00) 1.05 (0.99−1.11) 1.01 (0.99−1.03) 0.94 (0.91−0.97) 0.88 (0.81−0.95)

IHD 0.99 (0.98−1.00) 1.03 (1.00−1.07) 1.00 (0.99−1.02) 0.99 (0.98−1.01) 0.91 (0.87−0.94)

Lung cancer 0.98 (0.95−1.01) 1.06 (0.96−1.19) 0.98 (0.93−1.03) 0.97 (0.91−1.02) 0.86 (0.74−0.99)

IBD 0.99 (0.96−1.02) 1.00 (0.89−1.12) 0.99 (0.95−1.03) 0.97 (0.92−1.02) 0.85 (0.95−0.96)

Sleep disorder 0.99 (0.97−1.01) 1.07 (1.00−1.15) 0.98 (0.95−1.01) 0.98 (0.95−1.02) 0.85 (0.77−0.93)

Dementia 0.99 (0.96−1.01) 1.12 (1.04−1.21) 1.03 (0.99−1.06) 0.88 (0.85−0.92) 1.09 (1.00−1.19)

Anxiety disorder 1.00 (0.98−1.01) 1.17 (1.12−1.22) 0.99 (0.97−1.01) 0.99 (0.96−1.01) 0.96 (0.90−1.01)

Rheumatoid arthritis 0.98 (0.96−1.01) 1.10 (1.02−1.18) 0.98 (0.95−1.02) 0.98 (0.94−1.02) 0.92 (0.83−1.02)

Migraine 0.95 (0.93−0.98) 1.01 (0.92−1.10) 0.99 (0.95−1.02) 0.97 (0.93−1.01) 0.90 (0.81−1.01)

Asthma 0.98 (0.97−0.99) 1.01 (0.97−1.04) 0.99 (0.98−1.00) 0.99 (0.97−1.01) 1.00 (0.96−1.04)

Thyroid disorders 0.99 (0.91−1.09) 1.26 (0.96−1.66) 0.97 (0.85−1.12) 0.89 (0.74−1.07) 1.01 (0.68−1.50)

Table 2: Hazard ratios for NCDs that was related to sedentary time when substituting 1 h/?day of sedentary time with equivalent duration
of other types of activity using isotemporal substitution model.
The analyses were adjusted for age (timescale), sex, ethnicity, Townsend Deprivation Index, employment status, educational attainment, smoking status, alco-

hol intake and BMI. Multivariate models for specific disorders for female (breast, cervix, endometrium and ovary cancer) were additionally adjusted for meno-

pause status and hormone replacement therapy.

Abbreviation: LPA, light physical activity; VPA, vigorous physical activity; MPA, moderate physical activity; COPD, chronic obstructive pulmonary disease;

CKD, chronic kidney disease. CLD, Chronic liver disease; IHD, Ischemic heart disease; IBD, inflammatory bowel disease.
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time and dementia was controversial. Our findings were
in accordance with a previous study using five popula-
tion cohort that revealed no significant association
between sedentary time and cognition.33 However, a sys-
tem review and meta-analysis reported an association
NCDs Sleeping (≤7 h) Sleeping (>7 h)

Diabetes 0.94 (0.92−0.96) 1.00 (0.94−1.06)

Chronic kidney disease 0.96 (0.92−0.99) 1.04 (0.94−1.15)

COPD 0.96 (0.93−0.98) 1.00 (0.91−1.09)

Diverticular disease 0.98 (0.96−1.00) 1.00 (0.94−1.06)

Depression 0.98 (0.95−1.01) 1.21 (1.13−1.29)

Chronic liver disease 0.99 (0.95−1.03) 0.98 (0.87−1.11)

Ischaemic heart disease 0.98 (0.96−1.00) 1.02 (0.96−1.09)

Lung cancer 1.00 (0.92−1.08) 1.01 (0.80−1.27)

Inflammatory Bowel Disease 0.87 (0.81−0.93) 0.70 (0.53−0.92)

Sleep disorder 1.00 (0.96−1.04) 1.08 (0.96−1.22)

Dementia 0.94 (0.88−0.99) 1.08 (0.93−1.25)

Anxiety disorder 0.96 (0.93−1.00) 1.10 (1.01−1.19)

Rheumatoid arthritis 0.99 (0.94−1.05) 1.09 (0.94−1.26)

Migraine 0.98 (0.92−0.95) 1.05 (0.87−1.25)

Asthma 0.98 (0.96−1.00) 0.98 (0.90−1.05)

Thyroid disorders 0.87 (0.71−1.07) 1.03 (0.56−1.89)

Table 3: Hazard ratios for NCDs that was related to sedentary time whe
of other types of activity using isotemporal substitution model in parti
The analyses were adjusted for age (timescale), sex, ethnicity, Townsend Deprivat

hol intake and BMI. Multivariate models for specific disorders for female (breast,

pause status and hormone replacement therapy.
between high sedentary time and increased risk of
dementia, although subgroup analyses showed no sta-
tistically significant differences.12 A recent meta-analy-
sis of 12 prospective studies identified an increased risk
of depression due to mentally passive sedentary time,
LPA MPA VPA

0.97 (0.93−1.00) 0.96 (0.92−1.01) 0.73 (0.66−0.81)

0.94 (0.89−1.00) 0.93 (0.87−1.00) 0.93 (0.80−1.09)

1.03 (0.98−1.08) 0.92 (0.87−0.98) 0.89 (0.78−1.01)

0.99 (0.96−1.02) 0.96 (0.93−1.00) 0.89 (0.82−0.97)

1.01 (0.97−1.06) 0.95 (0.90−1.01) 0.85 (0.75−0.97)

1.02 (0.96−1.08) 0.93 (0.86−1.01) 0.80 (0.66−0.97)

0.99 (0.96−1.02) 0.96 (0.92−1.00) 0.93 (0.85−1.02)

0.97 (0.85−1.09) 0.89 (0.77−1.04) 1.23 (0.94−1.60)

0.98 (0.88−1.08) 0.95 (0.84−1.08) 0.75 (0.55−1.02)

0.99 (0.93−1.06) 1.06 (0.98−1.15) 0.69 (0.56−0.86)

1.02 (0.93−1.12) 0.79 (0.70−0.88) 1.14 (0.92−1.40)

0.96 (0.91−1.01) 0.93 (0.88−1.00) 1.02 (0.89−1.16)

0.99 (0.91−1.08) 1.04 (0.94−1.14) 0.99 (0.79−1.24)

1.03 (0.93−1.13) 0.98 (0.87−1.11) 0.84 (0.63−1.11)

0.99 (0.95−1.03) 1.00 (0.95−1.04) 1.02 (0.93−1.12)

1.31 (1.05−1.62) 0.72 (0.44−1.17) 0.32 (0.07−1.40)

n substituting 1 h/?day of sedentary time with equivalent duration
cipants with over 6 h/?day sedentary time.
ion Index, employment status, educational attainment, smoking status, alco-

cervix, endometrium and ovary cancer) were additionally adjusted for meno-
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especially watching television.34 Additional studies also
reported a significant link between sedentary time and
depression/anxiety symptoms.35,36 Moreover, several
previous studies reported an increased sedentary time
in schizophrenia patients, but no studies examined this
prospective association.37,38 Our study found that seden-
tary time was inversely associated with the risk of
schizophrenia, which may be explained by unmeasured
confounding or reverse causality. Future studies should
focus on the physiological and psychological mecha-
nisms. Although previous studies involved the relation-
ship between sedentary time and respiratory diseases,39

there was limited evidence about prospective associa-
tions with COPD and asthma in large-scale population-
based studies. Importantly, our studies provided com-
prehensive prospective associations of sedentary time
with some NCDs that were rarely studied, such as
migraine, rheumatoid arthritis, gout, CKD, CLD, thy-
roid disorder and diverticular disease.

In particular, television watching and using com-
puter were often used as proxy for total leisure sedentary
behaviours in observational studies,13,30,40,41 because
the behaviours are modifiable by intervention and
showed higher validity than total sedentary behaviours
as it is easier to recall.42 Leisure television and computer
time were associated with less and shorter breaks, lower
total energy expenditure and different snacking behav-
iours, possibly increasing adverse effects of prolonged
sitting.43 Besides, current public health physical activity
recommendations are primarily based on epidemiologi-
cal evidence of non-substitution models. Our study
showed that the ISM provided richer and more specific
information than previous “static” methods. It would
capture greater benefits when replacing sedentary time
with different intensity of physical activity.21,44,45

Assuming that our findings represented causal
effects, substituting sedentary time with other intensity
of physical activity may have considerable public health
and clinical care implications, e.g. replacing 0.5 h/day
sedentary time with VPA may be associated with 8%
lower risk of incident diabetes. A recent US study con-
sistently showed that substituting 0.5 h/day sedentary
time with moderate-to-vigorous physical activity could
decrease 15% risk of diabetes.11 More physical activity
would be likely to maximize weight loss, skeletal muscle
mass gain, and strength gain and can improve insulin
resistance.11 A study from UK Biobank also found that
reallocating 20 min/day to MVPA from all other behav-
iours proportionally was associated with 9% lower risk
of cardiovascular disease.46 Similarly, a recent UK Bio-
bank study showed that replacing sedentary time with
moderate-to-vigorous activity may reduce risks of
depression and anxiety symptoms.47 However, previous
study also found inconsistent results that replacing
1 h/day sedentary time with moderate-to-vigorous physi-
cal activity was not associated with differences in anxiety
symptoms,48 which were accordance with our results
www.thelancet.com Vol 48 Month June, 2022
about anxiety disorder. Substituting sedentary time
with physical activity might be associated with neuro-
psychiatric symptoms through various mechanisms,
such as modulating neuroplasticity, reducing inflamma-
tion, and promoting self-esteem.49 Our findings com-
plement the physical activity recommendations that
substituting effect of sedentary time with physical activ-
ity on the risks of comprehensive NCDs, rather only
focusing on separate effects of sedentary time and phys-
ical activity. In real life, it is very difficult to achieve
1 h/day VPA for general population. However, our study
highlighted that replacing sedentary time with any
equivalent amounts of VPA than LPA and MPA was
associated with risk reduction of more types of NCDs.

Several limitations of our study need to be consid-
ered. First, given the observational study design, the
exact conclusions of causality should be made with cau-
tion as residual confounding cannot be fully ruled out.
Second, sedentary time and physical activity informa-
tion was subjectively measured, which are known to
cause possible measurement bias. Recently, the UK Bio-
bank has objectively measured activity levels using 7-day
accelerometers in partly selected participants.50 How-
ever, the follow-up time since these accelerometer meas-
urements were collected is too short to evaluate multiple
NCDs, and the whole sample was not large enough.
Third, sedentary behaviour defined in our study only
included television watching, time spent using com-
puters and driving, which were done in leisure time.
We did not capture other activities, such as occupational
sedentary behaviour, which can be the majority of daily
sedentary time for desk-based workers. Therefore, the
conclusions cannot be generalized to total sedentary
behaviour. Future research efforts should be directed at
expanding the current set of analyses to total sedentary
time, including accelerometer data. Fourth, we did not
include a comprehensive diet behaviour as covariable,
which may influence some NCDs incidence. Fifth, the
observed interconnectedness between NCDs may not be
fully considered, the temporal order of NCDs incidence
could yield residual bias. To reduce type I errors, how-
ever, all analyses were corrected for multiple testing
using Bonferroni’s method. Finally, sedentary habits at
baseline may have changed during the follow-up, but
our results do not account for these changes. Extrapola-
tion of the current findings to a younger population
should be subjected to further research.

In conclusion, our findings provide evidence on the
detrimental effect of longer sedentary time. We found
that more than 6 h/day of sedentary time was associated
with increased risk of 12 of the 45 NCDs, statistically
independent of physical activity and sleeping. Replacing
sedentary time with any equivalent amounts of VPA
than LPA and MPA could be associated with risk reduc-
tion of more types of NCDs. Recommendations for sed-
entary time could indicate that any reduction in
sedentary behaviour coincides with increasing time
9
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spent in healthier alternatives to ensure positive replace-
ment effects. Further studies are needed to investigate
causality by an experimental intervention.
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