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Abstract

Background—Current estimates from objective accelerometer data suggest that American adults
are sedentary for ~7.7h/day. Historically, sedentary behaviour was conceptualized as one end of
the physical activity spectrum but is increasingly being viewed as a behaviour distinct from
physical activity.

Methods—~Prospective studies examining the associations between screen time (watching
television, watching videos and using a computer) and sitting time and fatal and non-fatal
cardiovascular disease (CVD) were identified. These prospective studies relied on self-reported
sedentary behaviour.

Results—The majority of prospective studies of screen time and sitting time has shown that
greater sedentary time is associated with an increased risk of fatal and non-fatal CVD. Compared
with the lowest levels of sedentary time, risk estimates ranged up to 1.68 for the highest level of
sitting time and 2.25 for the highest level of screen time after adjustment for a series of covariates,
including measures of physical activity. For six studies of screen time and CVD, the summary
hazard ratio per 2-h increase was 1.17 (95% CI: 1.13-1.20). For two studies of sitting time, the
summary hazard ratio per 2-h increase was 1.05 (95% ClI: 1.01-1.09).

Conclusions—Future prospective studies using more objective measures of sedentary behaviour
might prove helpful in quantifying better the risk between sedentary behaviour and CVD
morbidity and mortality. This budding science may better shape future guideline development as
well as clinical and public health interventions to reduce the amount of sedentary behaviour in
modern societies.
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Introduction

The first Surgeon General’s Report on Physical Activity and Health in 1996 summarized
almost four decades of epidemiological research on various health and disease outcomes.!
This report marked a critical developmental milestone in raising the consciousness about the
importance of physical activity in enhancing the health of Americans for both the public
health community and general public and drew attention to the enormous public health
burden of being the least active group in a population.

Technological innovations displaced many labour-intensive physical activities at work, in
the home and for transportation. A recent review of US studies estimated that mean
occupational energy expenditure may have decreased by 142 calories/day from 1960-62 to
2003-06 among men.2 New inventions, such as television and computers, led to a new
paradigm of recreation that increasingly became sedentary during leisure time. The
increasing popularity of the automobile ushered in an era of declining non-motorized
transportation.

Historically, physical activity epidemiological research sought to unravel relationships
between energy expenditure and health benefits.3 The resulting physical activity guidelines
predicated on this research were largely oriented towards increasing physical activity levels
in the population rather than reducing sedentary behaviour, per se.l Most early researchers
regarded time spent in sedentary behaviours during work, leisure and transportation as part
of one end of a physical activity spectrum. An emerging conceptualization views sedentary
behaviours as somewhat distinct from physical activity (Figure 1) and recognizes that,
paradoxically, high levels of sedentary behaviour can coexist with high levels of total
physical activity.*

In this review, our primary objective was to examine the relationship between sedentary
behaviour and cardiovascular morbidity and mortality using prospective observational
studies conducted largely during the past decade. Our secondary objectives were to
summarize the evolution of epidemiological thought concerning possible adverse health
effects of sedentary behaviour, present emerging evidence supporting links between
sedentary behaviour and cardiovascular disease (CVD), illustrate the high prevalence of
sedentary behaviour and review the limited evidence concerning mechanisms specific to
sedentary behaviour underlying a possible association with CVD.

Defining sedentary behaviour

Activities having a metabolic expenditure ranging from 41.0 MET (one MET is resting
energy expenditure set at 3.5 ml of oxygen/kg body mass/min) to ~1.5 METs are considered
sedentary,® although some researchers suggest the range should extend to 2.0 METs.8
Alternatively, because the MET value of quietly standing can be as little as 1.2, some have
proposed that sedentary behaviour should be restricted to non-upright activities.” Hence,
definitional differences abound.

Generally, sleeping has a MET level of ~0.9 MET.8 Other sedentary activities include
sitting, reading, meditating, relaxing, thinking, receiving a massage, watching television,
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using a computer, listening to music or the radio, talking on the telephone, writing letters,
playing cards and riding in a car. Most of these activities involve basically sitting. However,
tabled MET values for different types of sitting range from 1.0 to >2.0. Although not
synonymous, sedentary behaviour and sitting clearly overlap.

Sedentary behaviours exist in many contexts: occupation, household, leisure-time and
transportation.

Measuring sedentary behaviour

Researchers have used at least four methods to assess sedentary behaviour. Firstly, in
occupational studies, those using job ratings developed by experts have crudely categorized
workers into some framework.

Secondly, researchers have estimated sedentary behaviour from generally brief
questionnaires. This method predominates in more recent prospective studies of the
relationship between sedentary behaviour and adverse health events.

Thirdly, heart rate monitors can be used to assess sedentary behaviour.%10

Finally, accelerometers that can objectively assess sedentary behaviour have advanced
greatly with improved utility and falling unit costs. They have become increasingly
attractive for large population-based studies, such as recent cycles of the National Health
and Nutrition Examination Survey (NHANES) of the US population.11-13

Prevalence of sedentary behaviour

Adults in many Western countries spend large parts of their days being sedentary—up to
half of a day for employed persons.1* Nielsen Inc. reported that the average American in
2010 spent ~35 h/week watching TV, 2 h watching time-shifted TV, 20 min watching online
videos, 4 min watching mobile video and 4 h on the internet.1> Hence, time spent on screen
viewing was the most common sedentary leisure-time behaviour.3:16 Data from the National
Human Activity Pattern Survey showed that the most common sedentary activities, when
ranked by the percentage of waking hours, were driving a car (10.9%), office work (9.2%),
watching television or a movie (8.6%), performing various activities while sitting quietly
(5.8%), eating (5.3%) and talking to someone in person or over the phone (3.8%).17 When
asked, “How much time do you usually spend sitting or reclining on a typical day?’, US
adults reported on average ~5.5 h/day during 2007-08, with nearly equal amounts for men
and women, greater amounts for Whites than for African Americans and Mexican
Americans and increasing amounts with increasing age (Ford ES, personal observations
from NHANES) (Figure 2). In contrast, accelerometer measurements revealed average
sedentary time to be 7.7 h/day, also with little difference between men and women.13
Australian adults showed that participants were sedentary for 57% of the time that an
accelerometer was worn.18 If sleeping time is included as sedentary time, people may
average ~75% of the day being sedentary.” Regarding transportation, the average one-way
commuting time in USA in 2009 was 25.1 min.1®
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To identify prospective studies of sedentary behaviour and cardiovascular incidence and
mortality, we executed a search strategy using the PubMed database (Supplementary data
are available at IJE online). After reviewing 1304 citations produced by that search, we
reviewed 37 articles in depth. In addition, we examined the bibliographies of articles that we
reviewed. Studies had to be prospective, have incidence or mortality from CVD as an
outcome, specifically assess sedentary behaviour (screen time and sitting) and be conducted
on adults. We limited our search to publications written in English and did not contact
authors for additional information. At the conclusion of this process, we were left with nine
studies. Both authors abstracted the following data elements: author, year of publication,
exposure categories, hazard ratios, 95% confidence intervals (Cls), adjustment variables,
cardiovascular outcome, number of cardiovascular events and number of participants. Meta-
analyses of the dose—response relationships for screen time or sitting time were performed.
For screen time, we used the estimates of relative risk per 2 h of screen time that were
previously calculated.2% For newer studies of screen time and studies of sitting time, we
calculated estimated relative risks per 2 h/day of screen time from categories of sedentary
behaviour.2! For each study, a standard error was derived from the Cl and a weight was
calculated as the inverse of the variance (1/SE2). Heterogeneity was assessed with the Q
statistic and 1.22:23 Depending on these statistics, fixed effect or random effect estimated
relative risks were calculated. Stata 10 was used to conduct the analyses.

studies

Occupational studies—A seminal study by Morris et al.?* was conducted using about 31
000 employees aged 35-64 years of the London Transport Executive, who were followed
during 1949-50. When compared with conductors, bus drivers had about double the age-
adjusted rate of fatal coronary heart disease (CHD), but a similar rate of non-fatal CHD.
This was the first indication that sedentary behaviour could markedly increase CHD risk.
The authors also presented data on a larger second cohort of male civil servants and post
office employees aged 35-59 years, followed during 1949-50 (179 726 person-years of
follow-up). Based on job-related physical activity, participants were grouped into three
categories: sedentary, intermediate and relatively much physical activity. The corresponding
age-adjusted rates (per 1000 person-years) of fatal and non-fatal CHD were 2.4, 2.0 and 1.8,
respectively.

Subsequent prospective studies used various methods to examine whether drivers in the
transportation industry had an increased risk for CVD.25-33 A Swedish study found a 3-fold
greater risk for fatal and non-fatal CHD among urban bus and tram drivers compared with
members of other occupations after adjustment for a wide variety of confounders.33
Interestingly, lorry drivers were not at increased risk, a finding that the authors attributed to
less job stress and air pollution exposure than that experienced by urban drivers. This study
suggests caution in interpreting transportation studies.

Other prospective occupational studies examined the links between occupational sitting or
sedentariness and CVD. A review of six such studies, each using questionnaires to assess
sedentariness, failed to reach a definitive conclusion about the effect of occupational
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sedentary behaviour on CVD.1 Four studies showed increased estimated relative risks for
the most sedentary compared with the most active group,34-37 whereas in two studies, the
95% CI included unity.38:39 Only three reviewed studies adjusted for non-occupational
physical activity.35-37

Although not entirely consistent, occupational studies suggested that high levels of
sedentary behaviour at work may increase the risk of developing CVD. Study limitations
abounded, including a lack of CVD risk factor data for statistical adjustment, a lack of
follow-up of employees who left their jobs and limited generalizability of findings. Also, in
many occupational studies, the healthy worker effect must be considered—even when
internal comparisons are analysed.*? These studies did not examine the separate
contributions of sedentary behaviour and physical activity to CVD outcomes.

Population-based cohort studies

Sitting: Several prospective studies examined the links between time spent sitting and CVD
(Table 1). In the Women’s Health Initiative, 73 743 postmeno-pausal women aged 50-79
years were followed for an average of 5.9 years during which time 1551 cardiovascular
events occurred.*! A questionnaire assessed daily time spent sitting. Compared with women
who sat <4 h/day, those who sat for =216 h/day had an increased risk of developing a fatal or
non-fatal event (adjusted hazard ratio [aHR] = 1.68, 95% CI: 1.07-2.64).

In the 1981 Canada Fitness Survey, 759 CVD deaths occurred among 17 013 men and
women aged 18-90 years followed for an average of 12.0 years.#2 Overall, CVD mortality
increased progressively across five categories of time spent sitting, determined by
questionnaire, with an aHR of 1.54 (95% CI: 1.09-2.17) for those reporting sitting almost all
the time during most days of the week compared with sitting almost none of the time. The
risk for CVD mortality in function of time spent sitting increased among both men and
women, with an apparently stronger dose—response relationship among women.

In the Cancer Prevention Study Il (CPS I1)— Nutrition Cohort, 69 776 women and 53 440
men were followed for 14 years, and there were 2360 and 4009 deaths from CVD,
respectively.43 Participants were asked, ‘During the past year, on an average day (not
counting spending time at your job), how many hours per day did you spend sitting
(watching television, reading, etc.)?” Comparing those reporting daily sitting of =6 h vs 0—
<3 h, increased mortality from CVD was reported among men (aHR: 1.18; 95% CI: 1.08-
1.30) and women (aHR: 1.33; 95% ClI: 1.17-1.52). Again, the dose—response appeared
stronger in women than men.

In the NIH-AARP study, 240 819 US participants aged 50-71 years were followed for 8.5
years, and 4684 participants died of cardiovascular causes.** Time spent sitting was assessed
with the question, ‘During a typical 24-h period over the past 12 months, how much time did
you spend sitting? (<3, 3—-4, 5-6, 7-8 or 9+h/d)’. When compared with participants who
reported sitting <3 h/day, the aHRs for participants sitting longer amounts of time, in h/day,
were 0.98 (95% CI: 0.90-1.06) for 3—4, 1.02 (95% CI: 0.94-1.11) for 5-6, 0.95 (95% CI:
0.86-1.06) for 7-8 and 1.16 (95% CI: 1.02-1.30) for =9 (P for trend = 0.139).

Int J Epidemiol. Author manuscript; available in PMC 2015 September 25.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ford and Caspersen

Page 6

Each of these prospective studies reported an increased risk for developing or dying from
CVD with risk estimates for the highest compared with lowest levels of sitting time ranging
from 1.16 to 1.68. Three of the four studies were mortality studies. A couple of studies
showed somewhat stronger measures of association among women than among men, but Cls
for the estimates overlapped considerably. Although a gender bias may exist in the reporting
of sedentary behaviours, it is unclear whether data exist to examine this bias. Given the
enormous differences in the response options for the questions about time spent sitting,
performing a meta-analysis incorporating all these studies proved unfeasible. Using the two
studies that allowed an estimate of the relationship between 2-h/day sitting and mortality
from CVD to be calculated,*344 the random effects summary HR per 2 h/day of sitting is
1.05 (95% Cl: 1.01-1.09; test for heterogeneity: Q = 12.56, P = 0.002; 12 = 84.1%) (Figure
3).

Watching television: Six prospective studies specifically incorporated questions about the
amount of time spent watching television. A 21-year follow-up of 7744 men in the Aerobics
Center Longitudinal Study (ACLS) identified 377 CVD deaths.*> When comparing the top
with lowest quartiles, the authors noted an aHR of 0.96 (95% CI: 0.68-1.36) for watching
television and an aHR of 1.50 (95% CI: 1.08-2.09) for riding in a car.

In the Australian Diabetes, Obesity and Lifestyle Study, 8800 men and women aged 25
years or older had a median follow-up of 6.6 years during which 284 participants died (87
CVD deaths).*8 Participants reported time spent watching television or videos during the
previous 7 days excluding time spent in activities while the television was on. Although the
reliability of reported screen time was good (p = 0.82), the criterion validity was poor (p =
0.3). Comparing those who reported watching television for >4 h/day vs <2 h/day, the aHR
was 1.80 (95% CI: 1.00-3.25) for CVD mortality.

The European Prospective Investigation into Cancer and Nutrition (EPIC)-Norfolk Study
followed 13 197 men and women (mean age of 61.5 years) for a median of 9.5 years and
recorded 373 CVD deaths.16 Participants were asked four questions about time spent
watching television or videos during week- and weekend days. These questions had high
reliability with acceptable validity. The aHR/h/day of television viewing was 1.07 (95% CI:
0.99-1.15) for CVD deaths.

In the Scottish Health Survey, 4512 adults aged 35 years or older were followed from 2003
to 2007, during which time 215 participants had an incident CVD event.#’ Participants who
reported a screen time of 24 h/day vs <2 h/day had an aHR of 2.25 (95% CI: 1.30-3.89) for
diseases of the circulatory system.

An analysis of data from 240 819 US participants aged 50-71 years from the NIH-AARP
study who were followed for 8.5 years (4684 cardiovascular deaths) showed that the aHRs
rose progressively across quintiles of time spent watching television or videos.** The
amount of time that participants spent watching television or videos was assessed with the
question, ‘During a typical 24-h period over the past 12 months, how much time did you
spend watching television or videos? (None, 1-2, 3-4, 5-6, 7-8 or 9+ h/day)’. Compared
with participants who watched <1 h of television or videos per day, those who watched
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television or videos for =7 h/day had almost double the risk of dying from CVD (aHR: 1.85,
95% CI: 1.56-2.20).

In a study of a national sample of US 7350 adults with a median follow-up of 5.8 years, 190
deaths from diseases of the circulatory system were recorded.*® The aHR for screen time
(time spent watching television or videos or using a computer outside of work) of =5 h/day
compared with <1 h/day was 1.20 (95% CI: 0.58-2.49). The aHR per 2-h/day of screen time
was 1.02 (95% CI: 0.78-1.33).

In three of these six prospective studies, the Cls for the hazard ratios excluded 1.0. All
studies attempted to control for a series of confounders, but had only age, smoking status
and, importantly, physical activity in common. Interestingly, the Australian study that
adjusted for several cardiometabolic factors, which could be considered to be mediating
variables, yielded the highest risk estimates. A very recent meta-analysis of the first four
studies yielded a summary relative risk for fatal or non-fatal CVD of 1.15 (95% CI: 1.06-
1.23) per 2 h/day prolonged television viewing.2? Updating the result from that analysis with
results from the two most recent studies yields a fixed effects summary HR per 2 h/day of
screen time of 1.17 (95% CI: 1.13-1.20; test for heterogeneity: Q = 2.61, P = 0.760; 12 =
0%) (Figure 4). Because of its large size, the NIH-AARP study dominates the analysis. Once
excluded, the summary HR was 1.14 (95% CI: 1.05-1.22; test for heterogeneity: Q = 1.95, P
= 0.745; 12 = 0%).

Does adequate physical activity mitigate the possible harmful effects of excessive
sedentary behaviour?

Several prospective studies tried to address this issue by stratifying analyses by physical
activity sta-tus.16:43:45 Researchers stratified participants of the CPS Il into five physical
activity levels (<24.5, 24.5—<31.5, 31.5-42.0, 42.0-<52.5 and =52.5 MET-h/week) and
found positive gradients between sitting time and all-cause mortality for each level of
physical activity, particularly among women and in the most sedentary group.*3 In the
ACLS cohort, increased time spent riding in a car did not predict CVD mortality for
participants who were physically active but was strongly associated for participants who
were physically inactive.*® Finally, the aHR for all-cause mortality did not differ statistically
between participants with high and low physical activity in the EPIC Norfolk Study.16

These three prospective studies suggest that physical activity may not necessarily undo the
possible harms from excessive sedentary behaviour. The results from the CPS Il are of
particular interest because, even at the highest levels of physical activity (~2 h of moderate
activity per day), sedentary behaviour appeared to be related to all-cause mortality in a dose-
response manner.

Do breaks in sedentary time potentially negate the harmful effects of sedentary

behaviour?

Thus far, no prospective studies have examined whether breaks in sedentary time relate
favourably to incident or fatal CVD. However, data from at least two cross-sectional studies
have reported associations between the number of breaks and various cardiometabolic
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parameters after accounting for moderate to vigorous physical activity.49°0 Among 168
Australians aged 30-87 years, the number of breaks measured by accelerometers was
inversely related to concentrations of triglycerides and less so to BMI, waist circumference,
and 2-h plasma glucose.4® More recently, analyses of 4757 American adults aged 20 years
or older revealed that the number of breaks in sedentary time measured by accelerometer
was inversely proportional to the waist circumference and C-reactive protein levels.?0

Mechanisms

Relatively little evidence identifying unique potential mechanisms for the effect of sedentary
behaviour on cardiovascular outcomes exists, especially when high levels of physical
activity also exist. In animal studies, the unloading of hindlimbs in rats produced reversible
reductions of lipoprotein lipase (LPL) activity, which was confined to the affected limbs,
and subsequent reductions in the local uptake of triglycerides and circulating concentrations
of high-density lipoprotein cholesterol (HDLC).5!

Evidence from related areas of investigation may shed light on the mechanisms that link
excessive sedentary behaviour to CVD. Air travel is a mode of transport characterized by
prolonged sitting, often in cramped spaces. When reports about deep vein thrombosis (DVT)
in airline passengers emerged, immediate attention was drawn to the long periods during
which passengers are required to sit. In a randomized trial, ~10% of passengers aged 50
years or older on long flights developed asymptomatic DV'T.52 Besides prolonged sitting,
host factors and airplane cabin environmental factors are thought to contribute to DVT on
long flights.

Bed rest is a step down the MET scale from sitting, and the physiological changes effected
by the former may have relevance to the latter. Prolonged bed rest produces adverse effects
on numerous organ systems including the cardiovascular system involving negative
repercussions on postural hypotension, cardiac function, cardiac filling, stroke volume,
cardiac output, heart rate and thromboembolic events.53-59 These complications may be
germane to the studies of excessive sitting or sedentary behaviour and CVD. Furthermore,
bed rest may lead to glucose intolerance, an important CVD risk factor.>®

Discussion

Since the 1950s, epidemiological studies have suggested that sedentary behaviour adversely
affects health. The landmark systematic review of prospective studies by Powell et al. in
1987 conclusively linked physical activity to CHD.®0 The review focused largely on
quantifying the dose, intensity and type of physical activity needed to produce benefits.
After many adjustments for possible confounding variables across studies, the highest levels
of physical activity conferred an almost 50% reduction in risk for CVD. At that time,
sedentary behaviour was considered to be at the lower end of a physical activity continuum,
even though the amount of sedentary behaviour assigned to the least active category in
studies was uncertain.

Largely in the past decade, interest has burgeoned in studying the possible health impact of
sedentary behaviour apart from physical activity, perhaps in recognition of the growing
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amount of sedentary pursuits in modern society. This different conceptual approach seeks to
address questions of whether sedentary behaviour affects health outcomes at each level of
physical activity. Thus, the questions that were asked in the more recent studies differ from
those considered previously.

The growing number of studies reporting positive associations between sedentary behaviour
and CVD suggest that the results are unlikely to be spurious findings. Two alternative
explanations are that either the findings are true or the findings reflect various types of bias.
If true, it may be that sedentary behaviour displaces time spent in light physical activity,
with time spent in sedentary behaviours being a lost opportunity to perform substantive
amounts of physical activity.51 However, when several trials sought to reduce television
viewing among children, they did not consistently improve measured physical activity
levels.2-64 |n fact, the links between watching television and poor dietary and snacking
habits were more often repeatedly demonstrated.5® Thus, disentangling the possible effects
of sedentary behaviour from those of unhealthy dietary and snacking behaviour remains a
critical challenge before reaching firm conclusions or stipulating guidelines for costly
interventions.

Several limitations deserve consideration. Firstly, the validity and reliability of questions to
assess sedentary behaviour are often unknown. A review of questions about television
watching concluded that there was variable validity.58 Less is known about questions for
assessing sitting particularly outside the workplace. A review of occupational physical
activity assessments found sitting questions to be more reliably reported than other work
activity questions.8” Some misclassification of exposure likely exists in many studies. The
degree of misclassification is unlikely to be non-differential because respondents are more
likely to systematically underreport their sedentary behaviour. In most studies, the reference
group represents the least sedentary group. If that group becomes populated with
participants who actually are more sedentary, the baseline risk of the reference group
increases resulting in underestimating hazard ratios.

Secondly, different approaches in selecting reference and exposure categories in studies
complicate comparisons of their results. For example, in studies of sitting, reference
categories were either <3 or <4 h/ day and the top category ranged from =6 h/day to = 16 h/
day.

Thirdly, most of the reviewed prospective studies had mortality rather than incidence as
their outcome.

Fourthly, because the magnitude of the hazard ratios is generally small, unmeasured or
incorrectly specified confounders are of concern. Because sedentary behaviour is precisely
that—a behaviour— there is a great susceptibility to this bias when physical activity and
dietary behaviours are known to co-occur as part of broader behavioural pattern. Sedentary
individuals and those who are not considered sedentary are likely to differ in a myriad of
measurable and immeasurable ways. Physical activity and diet are notoriously difficult to
measure accurately, adding to the difficulty of appropriately specifying models that might
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also include factors as mediating variables. Although several studies adjusted for total
energy intake, only a limited number of studies adjusted for some kind of dietary
pattern.44:46.48 The observational studies regarding the purported health benefits of some
vitamins have taught the epidemiological community some painful lessons about
extrapolating from observational studies and, thus, appropriate confirmatory studies are
needed.

Fifthly, at the inception of prospective studies, participants who were in poor health may
have been more sedentary than healthier participants. Attempting to rule out reverse
causation, some studies excluded from analyses those participants who expired within the
first few years of follow-up, often finding no change in results.16:47

Sixthly, the factors that govern sedentary status may also affect CVD risk. For example, a
body of research has suggested that persons subject to the combination of low decision
latitude to select their work circumstances and poor support are likely to occupy jobs
characterized by high levels of stress and sedentariness and experience higher morbidity and
mortality than those in opposing circumstances.8

The question of whether sedentary behaviour is truly distinct from physical activity rather
than simply representing one end of the physical activity spectrum3 can be examined from
the following perspectives:

Energy expenditure: Sedentary behaviour occupies the lower end of an energy
expenditure scale with a range of MET values for associated activities ranging from
1.0 to 1.5 or 2.0 METSs. Changing posture from motionless sitting to motionless
standing raises energy expenditure by ~9%.69

Physiology: A key study showed that local muscle concentrations of LPL of
unloaded hind legs of rats decreased in function of unloaded time but increased
again when rats were allowed to use their hind legs.5! Because LPL serves to
regulate lipid concentrations and maintain cardiometabolic homeostasis, these
findings provided a rationale for relating sedentary behaviour to cardiometabolic
aberrations. Unfortunately, few other studies provide unique physiological
mechanisms of sedentary behaviour, with none replicated in humans.

Epidemiology and statistics: Several studies have found that physical activity and
sedentary behaviour are poorly associated having correlation coefficients ranging
from —0.002 to —0.09.43.70.71 Moreover, risk estimates for sedentary behaviour and
CVD events were often independent of physical activity.

Determinants research: It seems plausible that sedentary behaviour might arise
from a unique set of motivational cues differing substantially or entirely from those
that motivate someone to engage in physical activity. Research into the
determinants of sedentary behaviour is still young. Intuitively, the seductive nature
of technology and its spread, especially as part of entertainment, is likely a major
contributor to sedentary behaviour. Extrapolating beyond available empirical
evidence is problematical as illustrated by a study that showed that the degree of
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neighbourhood walkability correlated favorably with physical activity levels’2 but
not with sedentary behaviour.”3 In another study, neighbourhood walkability was
inversely associated with television viewing time in women but not in men.”#
Hence, determinants of pursuing specific sedentary behaviours may be as unique as
those governing why people choose to walk, play tennis, golf or engage in some
other activity.?

Guideline development and risk communication: If sedentary behaviour
negatively affects health and has a unique set of determinants, then separate
recommendations to specifically limit sedentary behaviour will need to be
developed that complement those that address physical activity. Currently, specific
recommendations and risk communication strategies may be premature and await
further evidence concerning the frequency, timing and duration of breaks necessary
to combat the cardiovascular health consequences of excessive sedentary
behaviour.

Public health interventions: Public health approaches to reduce sedentary
behaviour and increase physical activity in populations are likely to differ
substantially. For example, a great deal of research has linked attributes of the
physical environment to physical activity levels.”> However, whether modifications
to the environment that might encourage more physical activity would also serve to
reduce sedentary behaviour is not guaranteed, as some research intimates.

Clinical practice: Because clinical advice to patients to raise their levels of
physical activity may not reduce their sedentary behaviour, clinicians may need to
assess for, and counsel in response to, the amounts of both physical activity and
sedentary behaviour of their patients.

Public health interventions

Many employed people engage largely in desk work. One option is to find ways to reduce
the job-related sitting time or find ways to introduce a sufficient number of breaks during the
day to mitigate excessive risks from sitting. A recent review offered several options for
modifying the work space including providing employees with standing desks, a therapy ball
to sit on, stepping devices and walking work stations.’® In addition, the authors proposed
adding breaks. However, the frequency and duration of breaks needed to offset any risk of
excessive sitting remains unknown and requires investigation. Widespread adoption of
measures to break up periods of prolonged sedentary behaviour at work awaits rigorous
studies concerning the cost-effectiveness of potential interventions.

Because a sizeable portion of waking hours is spent being sedentary in one’s home, targeting
the domestic environment is an obvious strategy given that much of the population may not
recognize the possible adverse impact of that excessive sedentary behaviour on health. Also,
as the evidence base concerning how to specifically reduce the domestic sedentary
behaviour is scant, some form of education may be necessary even though education alone
cannot guarantee behavioural change. With high and increasing levels of watching television
or using computers or other forms of screen time in contemporary societies,’” efforts aimed
at decreasing time performing these activities in a position other than sitting hold
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considerable appeal. Although studies have successfully reduced television viewing time by
children and adolescents,52:64 relatively little research has included adults. Consequently,
there is a dearth of evidence-based interventions to guide domestic interventions among
adults. The introduction of labour-saving devices in the home was meant, in part, to free up
people’s time to engage in more desirable leisure-time pursuits. If the unintended effect of
these devices was to promote sedentary behaviours, perhaps a return to more traditional
ways of performing household chores might prove beneficial to one’s health (but perhaps
not to one’s psyche). Shifting people from one sedentary behaviour such as using a
computer to another one such as reading a book is unlikely to improve health.

Much of the current energy directed towards public health interventions at the community
level revolves around changing policies, systems and environments. The models that are
being developed and tested specifically seek to raise physical activity levels in the US
population rather than reduce sedentary behaviour and sitting, per se. Therefore, some
recalibration of these approaches may be required to produce decreases in sedentary
behaviour for Americans.

Because so many people spend so much time commuting in a car to work as well as using a
car for other activities, efforts to promote public transportation and get people to perform
errands on foot or by bicycle could reduce the time that people sit motionlessly. However,
the MET level of sitting in a bus or train vs that of sitting in a car is very similar, so shifting
people from transportation by car to that of mass transit would not necessarily reduce
sedentary behaviour. Because of limited seating, many people have little choice but to stand
in public transport systems, which in itself would reduce sedentary behaviour. In addition,
some additional energy expenditure may derive from walking or bicycling to and from
public transportation stops.

Clinical interventions

Most American adults have an encounter with the medical system each year with 70% of
respondents of the 2009 Behavioral Risk Factor Surveillance System reporting a routine
check-up in the previous year (Ford E, personal observation). These encounters present
precious opportunities for clinicians to counsel their patients about the possible benefits of
reducing sedentary behaviour and sitting. Participants in a clinical trial who received
individual counselling and physical activity prescriptions reduced their sitting time an
average of 2 h/day, whereas participants who received usual care reduced sitting time 1 h/
day.”8 It is yet unclear how well-informed physicians are about the emerging evidence of the
possible harmful effects of sedentary behaviour. Once the relationship between sedentary
behaviour and CVD is better understood and evidence-based clinical approaches emerge to
mitigate risk, clinicians may benefit from professional education about routinely enquiring
about their patients’ sedentary habits and physical activity levels and providing appropriate
counselling.

Future directions

Prospective observational studies are generally accorded a high level of confidence in
epidemiology. However, fewer than a dozen prospective studies have examined the links
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between various forms of sedentary behaviour (television watching, riding in a car, sitting,
etc.) and risks of fatal or non-fatal CVD. Because the outcome of interest has been almost
entirely limited to mortality, additional studies of incident CVD are desirable. Also, self-
reported questions were used to assess exposure time. Consequently, additional prospective
studies are needed, especially ones using a consistent way to measure sedentary behaviour
while using less heterogeneous ways of analysing data. Some degree of standardization, for
example of the reference category, would aid in the interpretation of future data and would
help to establish the magnitude of the risk reduction and dose—response relationships.
Prospective studies that use accelerometers or other objective methods to measure amounts
of sedentary behaviour may prove valuable in confirming findings from the existing
prospective studies. Ideally, studies that include more than one assessment of sedentary
behaviour over time would permit an understanding of increasing, decreasing and stationary
levels of sedentary behaviour on health outcomes.

Our understanding of ways to break up sedentary time is in its infancy. To guide the
development of rational public health and clinical interventions, the frequency and duration
of such breaks needed to mitigate the harms from excessive sedentary behaviour must be
thoroughly understood. More cross-sectional studies can help guide the design of
randomized controlled trials that seek to examine the frequency and duration of breaks
needed to reduce cardiovascular risk. In the occupational setting, workers could be
randomized to intervention groups in which workstations are modified or to a control group
in which the work setting remains unchanged. Thereafter, group changes in CVD risk
factors, illness, medical costs, work absence and productivity could be compared.

The estimated cost of physical inactivity is high—~$251 billion in 2003 dollars in USA."®
Consequently, reducing sedentary behaviour might produce substantial reductions in costs,
but this supposition remains to be established empirically. Given the increasingly precarious
financial plight of federal and state governments, a key consideration in implementing future
interventions will be their cost-effectiveness. Such research tailored to the USA is urgently
needed.

Current physical activity guidelines generally focus on raising the level of physical activity
in the population and do not specifically define precise reductions of sedentary behaviour.
Evidence-based revisions or updates of future guidelines will allow rational and cost-
effective recommendations specific to reducing sedentary behaviour.

Conclusions

Conventional wisdom dictates that people have grown more sedentary during the twentieth
and twenty-first centuries, but few objective data exist to characterize the magnitude of the
change. Regardless of this past uncertainty, recent data clearly indicate that the level of
sedentary behaviour in the US population and in other nations with developed economies is
quite substantial. Although studies during the 1950s first identified an increase in CVD risk
experienced by people in highly sedentary jobs, only in recent years have the potential CVD
risks from sedentary behaviour, as distinct from physical activity, come to be appreciated.
Our review of prospective studies found a significant association between screen time and
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rdiovascular mortality independent of levels of physical activity. Furthermore, two large
hort studies that lent themselves to a meta-analytic summary also suggested a significant

increased risk between the time spent sitting and cardiovascular mortality, also independent

of

physical activity. Despite the need to solidify the evidence base concerning the health

risks caused by excessive sedentary behaviour, available data are clear that being in the least
active group is not desirable, especially when excessive sedentary behaviour is likely to

co

mprise membership in that group.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Traditional (A) and emerging (B) conceptualizations of the relationships between sedentary

behaviour and physical activity and cardiovascular outcomes

Int J Epidemiol. Author manuscript; available in PMC 2015 September 25.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Ford and Caspersen Page 21

Total
Men

Women

—t
———
—f
White =
African American 3
L —
—t—
P

Mexican American —

Age 20-39 years
Age 40-59 years
Age =60 years

l
I

0 50 100 150 200 250 300 350
Minutes per day

Figure 2.
Age-adjusted and unadjusted mean time (95% CI) spent in sedentary behaviour per day

among adults aged 20 years or older, NHANES 2007-08. The following question was asked
about sitting or reclining work, at home or at school: ‘Include time spent sitting at a desk,
sitting with friends, travelling in a car, bus or train, reading, playing cards, watching
television or using a computer. Do not include time spent sleeping. How much time do you/
usually spend sitting or reclining on a typical day?’
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Figure 3.
Associations between time spent sitting (per 2 h/day) and cardiovascular events
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Associations between screen time (per 2 h/day) and cardiovascular events
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