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Compared with our parents or grandparents, we are 
spending increasing amounts of time in environments 

that not only limit physical activity but require prolonged 
sitting—at work, at home, and in our cars and communi-
ties.1 Work sites, schools, homes, and public spaces have 
been (and continue to be) re-engineered in ways that 
minimize human movement and muscular activity. These 
changes have a dual effect on human behavior: people 
move less and sit more. From an evolutionary perspective, 
humans were designed to move—to locomote and engage 
in all manner of manual labor throughout the day. This was 
essential to our survival as a species. The recent shift from 
a physically demanding life to one with few physical chal-
lenges has been sudden, occurring during a tiny fraction of 
human existence. 
 Societal indicators of reductions in human energy ex-
penditure and increases in sedentary behavior during the 
past several decades are particularly striking. In 1970, 2 
in 10 working Americans were in jobs requiring only light 
activity (predominantly sitting at a desk), whereas 3 in 10 
were in jobs requiring high-energy output (eg, construc-
tion, manufacturing, farming).2 By 2000, more than 4 in 
10 adults were in light-activity jobs, whereas 2 in 10 were 
in high-activity jobs.2 Moreover, during the past 20 years, 
total screen time (ie, using computers, watching televi-
sion, playing video games) has increased dramatically. In 
2003, nearly 6 in 10 working adults used a computer on 
the job and more than 9 in 10 children used computers in 
school (kindergarten through grade 12).3 Between 1989 
and 2009, the number of households with a computer and 
Internet access increased from 15% to 69%.3 Other signifi-
cant contributors to daily sitting time—watching television 
and driving personal vehicles—are at all-time highs, with 
estimates of nearly 4 hours and 1 hour, respectively.4,5

 Scientists studying the ill effects of this decrease in 
physical activity have revealed a complex, multifaceted 
relationship among physical work, energy expenditure, 
and health.6,7 Clinical and basic research has focused on 
the benefits of incorporating regular bouts of exercise into 
modern life to adjust to some extent for the loss of the 
physically active life led by our ancestors.6 Current public 
health recommendations propose engaging in at least 150 
minutes per week of moderate-to-vigorous activity to help 
prevent and manage multiple chronic conditions, notably 
cardiovascular disease, type 2 diabetes, obesity, and some 
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cancers.7 The evidence base that supports this exercise rec-
ommendation is substantial. (Here, we use the terms 

 and  interchangeably, 
recognizing that, by some definitions, exercise refers spe-
cifically to intentional activity carried out for health/fitness 
purposes.7)
 Those who do not exercise have by convention been 
termed . However, this is no longer an adequate 
perspective. Recent epidemiologic evidence suggests that 
the metabolic and long-term health consequences of ha-
bitual sedentary behavior (too much sitting) are distinct 
from those associated with a lack of moderate-to-vigorous 
activity (too little exercise).8,9 This shift in perspective is 
being clarified through innovations in technology used to 
characterize movement patterns in populations.

NEW TECHNOLOGY CHARACTERIZES SEDENTARY AND 
PHYSICALLY ACTIVE TIME IN POPULATIONS

Nonexercise behaviors can be differentiated into 2 catego-
ries: sedentary behavior, which may be defined as sitting, 
lying down, and expending very little energy (approxi-
mately 1.0-1.5 metabolic equivalents [METs]), and light-
intensity activity, such as standing, self-care activities, and 
slow walking, which require low energy expenditure (ap-
proximately 1.6-2.9 METs).10 Advances in microelectronic 
technologies, specifically the accelerometer, have enabled  
the time spent in sedentary, light-intensity, and exercise 
behaviors to be objectively derived. This has greatly im-
proved the methodology for measuring activity patterns 
among free-living humans, which previously relied mainly 
on self-report of behavior.11

 Examining 7 days of accelerometer data from a nation-
ally representative sample of 1714 white adults aged 20 to 
59 years from the US National Health and Nutrition Exam-
ination Survey,12 it is striking that the vast majority of daily 
nonsleeping time was spent in either sedentary behavior 
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(58%) or light-intensity activity (39%), and only 3% in ex-
ercise time. Figure 1 shows the differences in time spent 
in light activity and exercise across quartiles of sedentary 
time. Most of the variance in sedentary time is due to the 
change in the proportion of time spent in light-intensity 
activity. For example, sedentary time increases from 6.3 
hours in quartile 1 to 10.2 hours in quartile 4, a 62% in-
crease with nearly all of the sedentary time coming out of 
the block of light activity.
 Sedentary time and light activity time were also highly 
negatively correlated (r=–0.96) in a sample of Australian 
adults.13 Although the precise magnitude of changes cannot 
be determined, the shift from time spent in light activities 
to time being sedentary undoubtedly has increased substan-
tially in recent decades. This shift has likely contributed to 
the increasing rates of obesity and type 2 diabetes.

NEW INSIGHTS INTO SEDENTARY BEHAVIOR AND  
CARDIOMETABOLIC RISK

Recent studies have documented deleterious associations of 
adults’ reported television viewing time and overall seden-
tary time with central adiposity (larger waist circumference) 
and with fasting triglyceride levels and markers of insulin 
resistance (ie, fasting insulin level, 2-hour glucose) that are 
independent of both central adiposity and exercise time.13-17 

With prolonged periods of sitting, fewer skeletal muscle 
contractions may result in reduced lipoprotein lipase ac-
tivity and clearance of triglycerides, reduced clearance 
of an oral glucose load, and less glucose-stimulated in-
sulin secretion.18-20 Moreover, time in sedentary behaviors 
is associated with increased cardiovascular and all-cause 
mortality; this has now been shown for television viewing 
time,8 overall daily sitting time,4 and time spent sitting in 
cars.21

 Another intriguing finding is that breaks in sedentary 
time have beneficial associations with waist circumfer-
ence, body mass index, triglyceride levels, and 2-hour 
glucose levels that are independent of total sedentary time 
and exercise time.22 In Figure 2, the variability in seden-
tary behavior and associated breaks for 3 persons across 
1 week is illustrated using cluster heat maps.23 Case 1 
reflects a healthy daily pattern that includes time spent 
in exercise and intermittent periods of light activity that 
break up periods of sedentary behavior, whereas case 2 
illustrates a preponderance of sitting with the balance in 
light activity (and no exercise). The “exerciser” profile 
meets the accepted public health standard for sufficient 
exercise but is the exception and not the rule, whereas the 
“sedentary” profile is prevalent in the US population. In 
case 3, a variation of case 2, many bouts of light activity 
have replaced sedentary time throughout the day. This in-
creased frequency of light activities may be by necessity 

(for example, being a mechanic, a physician with multiple 
examination rooms, or a mother with young children) or 
by choice. This “active” profile is not uncommon, but its 
potential salutary effect has been overlooked.
 These 3 cases show the limited perspective provided 
when a person is identified as being physically active or not 
solely on the basis of the 3% or so of time spent in moderate 
or vigorous activity. Conventionally quoted population aver-
ages obscure the wide distribution of individual differences 
in allocation of time spent in behaviors that require very low, 
light, and moderate or high energy expenditure; they also 
fail to portray the frequency of beneficial breaks in very 
low energy output (sedentary) behaviors. Recent findings 
indicate that helping people shift from the “sedentary” pro-
file toward the “active” profile would reap important health 
benefits.22,24

 On the basis of our analysis, 1 in 4 white US adults 
spend about 70% of their waking hours sitting, 30% in 
light activities, and little or no time in exercise. Feasi-
ble steps to break up prolonged sitting with short bouts 
of light activity include walking down the hall to speak  
with coworkers instead of emailing, extending walking 
distance during trips to the break room or bathroom, and 
standing or pacing when on the phone. Prolonged sitting 
is easy to recognize and occurs in many settings, and  
interventions targeting it involve small changes that  
may be readily accepted. Every minute of sedentary be-
havior replaced with light activity would expend 1 addi-
tional kilocalorie (calculated assuming 1.5 vs 2.3 METs  
for a person weighing 72 kg). Greater energy expendi  - 
ture is a simple benefit to cite. Yet, as the findings al - 
ready summarized suggest, weight control is one of sev - 
eral important potential benefits of spending less time  
sitting.19

Light activity

Exercise

Sedentary

Quartiles of sedentary time

First Second Third Fourth

0.5 0.4 0.30.7

H
ou

rs
 p

er
 d

ay

10.2
8.87.7

6.3

0

2

4

6

8

10

12

14
16

7.6
5.4

4.1
6.4

FIGURE 1. Quartiles of sedentary time. Based on 1 week of accel-
erometer data in 1712 adults, these stacked column graphs show 
the allocation of waking hours spent sedentary, in light activity, and 
in exercise, from the lower to the upper quartile of overall sedentary 
time.
Data from the National Health and Nutrition Examination Survey.12
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CONCLUSION

In recent decades, affluent populations have become increas-
ingly sedentary, with many adults spending 70% or more 
of their waking hours sitting. Parallel with this change, evi-
dence has emerged identifying habitual sedentary behavior 
(prolonged sitting) as a novel risk factor for cardiometabolic 
disease and all-cause mortality, independent of time spent 
in exercise. As this evidence is primarily observational in 
nature, further experimental research investigating potential 
mechanisms and dose-response relationships is necessary. 
For example, a daily quantity of neuromuscular stimulation 
(some combination of duration and frequency) that occurs 
during standing and light activities may be necessary to sus-
tain components of musculoskeletal and metabolic health.
 These new insights into the health risks of sedentary be-
havior broaden the accepted perspective on physical activ-
ity and health by identifying the need to reduce prolonged 
sitting and increase light-intensity activities (eg, standing 

and incidental walking), in addition to engaging in regu-
lar moderate-to-vigorous activity. The importance of ex-
ercise counseling in the primary care setting is well estab-
lished.25 Excellent resources providing practical advice for 
incorporating behavioral counseling in medical settings are  
available.26,27

 In light of recent findings, it has become clear that most 
patients face 2 obstacles: too little exercise  too much 
sitting. The American Academy of Pediatrics counsels par-
ents to limit children’s screen time—television, DVDs, and 
video games—to no more than 2 hours per day.28 Parents 
still tell their children to get off the sofa and go out and 
play. Recent evidence is compelling that adults too need 
similar advice from their physicians. Patients need to get 
out of their chairs more frequently, both at work and at 
home. Advising patients to reduce prolonged sitting can be 
readily combined with current recommendations on exer-
cise and weight management.

FIGURE 2. Daily activity patterns. Three different activity patterns are illustrated using cluster heat maps derived from accelerometer data 
(counts/min): the “exerciser” profile, the “sedentary” profile, and the “active” profile. 
Data from the National Health and Nutrition Examination Survey.12
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